1 METHOD FOR PREPARI NG AN CRGANI 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 KIT TECHNI CAL FI ELD Thi s invention
relates to the field of organi& surface coatings,
said coatings being in the formof organic filnms. It
rel ates nore specifically to the use of solutions
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Prior art

There are currently a number of techniques making it
possible to produce organic thin films on 'substrates,
each based on a suitable family or class of molecules.
15 The spin coating method does mnot require any
particular affinity between the molecules deposited and
the substrate of interest, which is also true of related
techniques for forming coatings by dip coating or by
spray coating. Indeed, the cohesion of the deposited film
20 1is 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
25 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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2 difficult to estimate in particular for thinnest

deposits (less than 20 nanoneters) . Moreover, the

spin coating techniques allow for uniformdeposits

only when the surface to be cgpted is essentially

pl anar (patent US 5 7,119,030).” The quality of the

films obtained by spray coating techniques is related

to the wetting of the surfaces by the sprayed |iquid, .
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“Plasma
polymerization processes”, 1992, Elsevier, Amsterdam or

the photochemical initiation are based on the same

20 principle: generating, near the surface to be covered,

unstable forms of a precursor, which evolve by forming a
film on the substrate. While the plasma deposition
requires no particular properties of its precursors, the

photo-initiation necessitates the use of photosensitive

25 precursors, the structure of which evelves under light

irradiation. These techniques generally give way to the
formation of adherent films, although it is usually
impossible to discern whether this adhesion is due to a

cross-linking of a film topologically closed around the

30 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



and costly pre-treatnents, the use of vacuum set-ups

for 3 the plasm nethods such as pl asnma- enhanced

chem cal vapor deposition, irradiation, or the use of
potentiostats for the el ectroghem cal nethods to

whi ch many connection proble are related. 5

Cat aphoresis is a technique that is also suited for

the coating of conductive surfaces with organic filns.
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with. The electrodeposited layer is insoluble, but lacks
physical or chemical resistance, and therefore reguires
20 an additional baking step in order to acquire all of
these properties. Moreover, this technique is unsuitable

for small parts with a complex shape.

The self-assembly of monolayers is a very simple
technique to implement (Ulman A., “An introduction to
25 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 is the precursor-
30 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



for gold or silver, tri-halogenosilanes for oxides

such as silica or alumna, and polyaromatics for

graphite or 4 carbon nanotubes. In each case, the
formation of the film is baseg on a specific chemca
reacti on between a portion of *the nol ecul ar precursor

(the sulfur atomin the case of thiols, for exanple)

and some "receptor" 5 sites on the surface. A
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presence of a suitable solvent at room temperature, or

when they are placed in contact with an oxidizing or

20 reducing liquid medium. Similarly, the Si-0-8i bonds are

fragilized when they are in an aquéous or even a moist
medium, in particular under the effect of heat.

The electrografting of polymers is a technique based

on the initiation, then electrically induced

25 polymerization, by chain propagation, of electroactive

monomers on the surface of interest acting both as

electrode and polymerization primer (Palacin, S., et al.,

sMolecule-to-metal bonds: Electrografting polymers on

conducting surfaces.”, Chemphyschem, 2004. (5)10: p.

30 1469-1481) . The electrografting requires the wuse of

precursors suitable for its mechanism of initiation by

reduction and propagation, generally anionic because



30 1469-1481) . The electrografting requires the use

of precursors suitable for its nmechani sm of

initiation by reduction and propagation, generally

ani oni c because 5 cathodically-initiated

el ectrografting is often preferred, applicable on

nobl e and non-noble netals (unlike the

el ectrografting by anodi c polarization, which is
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el ectro-reduction of the nonomer in the immedi ate
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anion r di&I%%Iglica abl e of being cgvs tqg#%aﬁir%]:f t€&khnique,
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InDeniau et al., “Coupled chemistry revisited in the
tentative cathodic electropolymerization of 2-

20 butenenitrile.”, Journal of Electroanalytical Chemistry,
1998, 451, 145-161) that the electrografting mechanism
involves an electro-reduction of the monomer in the
immediate wvicinity of the surface, to vyield to an
unstable anion radical capable of being covalently

25 grafted by its radical termination on the electrode. The
grafted anion thus obtained, if it was not in the
immediate vicinity of the polymerizable molecules, would
desorb and return to the solution (op. c¢it.). 1In
competition with this desorption reaction, the addition

30 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



conpetition with this desorption reaction, the

addition 30 reaction (Mchael addition) of the charge

of the first anion cheni sorbed on a free nononer

provi des a second neans of stgbi l'izing the reaction
internmediary: the 6 product of this addition again

yields a grafted anion, where the charge is, however,
"away" fromthe surface, which contributes to the )
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via a potentiostat, followed by a growth of chains,

monomer-by-monomer, requiring the use of an

20 electrochemical cell with a cathode and an anode, as well
as an application of a voltage at the terminals thereof.

Oortiz et al. (Electrochemical modification of a

carbon electrode using aromatic diazonium salts. 2.

Electrochemistry of 4-nitrophenyl modified glassy carbon

25 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,

30 a method for grafting and growing an organic conductive

film on an electrically conductive surface, the grafting

and the growth being perfermed simultaneously by




phase by electrochemcal initiation. The internationa
patent application WO 03 018212 describes, in

particular, 30 a method for grafting and grow ng an

organi c conductive filmon an,electrically conductive
surface, the grafting and the growth being perforned

simul taneously by 7 electroreduction of a diazoni um

salt that is a precursor of said organic film
Hoekeetroneduethancalf goldidzomings %Fg'eﬁ Prdbosedar precursor
produci n r.gani ings grafted on any type of

su??aﬁ%}g grggnﬁgn?g?éétrochenical conditioﬁg and
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Description of the invention Thiz i nventi on nmakes it £
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5ar Enmtmase?féit%érﬁ‘%l an¢ordiftie f ramut hewl edet  any
inthat 1t nakes it possible to performthe grafting

of parganitapopysecrentoeps! yeehnifivens in the absence

of an electric voltage. The nethod proposed thus

makes it possible to graft filnms onto 15 surfaces of
vapkaugipypes, o&nghit Snepplieation is not linmted to

el €ctricalTy conductive or sem conductive_ surfaces.
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primer. In the sense of this invention, by "organic
fi ppposed thus makes it possible to “graf films onto

15 surfaces of various types, and its application is not
limited to electrically conductive or semiconductive
surfaces.

This invention relates to a method for preparing an
organic film at the surface of a golid support,

20 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

25 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,

30 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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we nean any filmof an organic nature, resulting from

a plurality of units of organic chem cal species, 30
covalently bound to the surface of the support on

whi ch the nmethod of the invenéion is carried out. It
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

t heurthtekogsa elppoetf idng imaluding coheksast bepaglayer of
ensured by _the coval ent bon t hat devel
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either be protic or aprotic. Advantageousl

, the _,
priher dawslannt bends serahl d5vielThe ?E‘é@?%onthe different
solvegt. 10 By "protic solvent", we nean, in the
colt'®&Xf of this invention, a solvent that conprise at
| east onRehydlogan imphemeapel! énothbemeghod, cadse dgsigned
proton form The protic solvent.is adyantageousl .
ch88en H836thiHe sg}ﬁﬁﬁtcomﬁﬁt?ﬂ%&ﬁ%yzﬁaﬁggﬁggii%ﬁifggOtlc
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ac%g?aﬂggéoxyFa?éd soP@tnts sugﬁbas nmet hanol and
et menok iochowodwkeatul ar- wei ght liquid glycols such as
et hyl enggl ycol , .and their, mxtures Lo @ud [SIhtext of this
aIternaggve?rPﬁéchgéwghéoVUg%t%ﬁgga l%h g%e céhfg&t
of jhiyemthiBrentd Golivemondidt utedpoisy by ae28tpome diydrogen
solvent or by a m xture of various protic _saqlvents.
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solvent. Acidified 25 water s t rLef err pr ot d
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deigiivzed ;ackdichi efls Wadetthanol 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

20 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

25 water is the preferred protic gsolvent 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

30 the form of a proton under non-extreme conditions. The

aprotic solvent is advantageously chosen from the group




By "aprotic solvent”, we nmean, in the context of this

i nvention, a solvent that is not protic. Such a

solvent is not able to release or accept one hydrogen

in 30 the formof a proton undgr non-extrene

conditions. The aprotic solvegt i s advant ageously

chosen fromthe group 9 constituted by

di met hyl f ormam de (DWMF), acetone and di net hyl

sutbnst fleutONB0by Thiintesrhyl fadhwesiicte pr (PEF), | Acehene and
ont ext. of thi vention, refers to any organic
nn@é@EFEYEaBHBESXIGﬁ éSMgggrtain conditiong, o? bei ng

chenisorbed at the surface of a solid support by a

radi cal reaction such as radical chemcal graftin

Suchblrm'l“lecult@mmﬂﬂh%%i% PEHBET One 10 (& | OFPRAFe ’?oﬂﬁ this

capahl e, of [ t r S

S BBUF UL PlnC eSS (15 1op o TP e her g oy under

afEéktamﬁmcﬁﬁdﬁuxunsJTmSebamhgcwhamxaqxhddmatapbﬁl@urface

of formng a polyner-type filmafter _t raft

a PEr &t soddided@tt QQth% %u?? ted frgaggﬁﬁg Fuc heﬁ Fadical

reapkh9Ba1Wid AR, NBheEUhBscRLg8RNIcdnpriife at least one

envi ronment .~ 15 The term "radi cal chemical graftin

4 efenstiionajargricup arapabitiechs&egictididectidt nft léFéll and

av a non aired electro r 0
loboﬁg§\mﬂi¥%?%; faé%nm:lé%t@%é@tréggggeggge% d%ﬂér radical

enkiftie@s dIRINIG aeNSiai edrhéselepeheleni éy afet hhusurda@a@le of
on which they are intended 20 tq be rafted Thus, the
r adiceaiinge &c PodaMegadyPeo T atsSTaiittn 9#

bopds hehween,t Qﬁes%lgff&cé;og%eraﬂegu éﬁg'tt hQ:hen a reaction
derlvatlve of the ted adhesion primer, then

bthﬂmmc&h@namtﬂéoﬁ&aaugnaaﬁnnuinnﬂuﬁuﬂnﬁiﬁﬁm%ﬁH% in

its enyjironment. 25 erivati.v Si ,

prl mer"” TAfe MY M2 i con‘i eaf tﬁtltsheﬁt'ﬁlv ti gj%f%rs H
?mx“ta_'cda.@xt HEHHd i df Q:mlehmmﬂeaumms mexrying a non-

er the latter has reacted b
paired electron for forming covalent bonds with a surface

first

1

n

of interest, said molecular entities being generated
independently of the surface on which they are intended

20 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.

25 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,

30 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



radi cal chem cal grafting, in particular with the

surface of the solid support, or wth another

radical, 30 inplenmented in the context of this

invention. It is clear for a pgerson skilled in the

art that the reactive functioh with respect to

anot her radical after 10 chem sorption of the

derivative of the adhesion prinmer is different from, ,
t hehémnsobirphibnvoEvetei derhwatdval eft thgnadhegion primer 18
particul ar wth t surface of . lJd d..S or
adﬂéggsﬁeBFiﬁEPmigﬁgd§5HF§68§u§F$%%§%Peg&a%ﬁ% ﬁ%ﬂﬁ%t bond
saih phesepufirenviba gheupug@askl biit ethebpodriyl support.

di azonium salts, aryl ammoni um salts, gr@yl gltiosphonilum able
salts afbBearddhesidrynPyiiesl 155 PAVAREEESONSTY, Thé-2Y

ar gr s yl u haL,68B8 bEohsPiesesdedy aryl
Sbyxky%ls g%gh nce%%F ovs.lgjrfg %rl;%ng&fheﬁcl eavabl e aryl Y .y
salitiazohhemc cegbueds aafy 1t hemménd hrowisad tisor naryl ( Phasghonium

be cited in particular: R N2 (1 ' ighqrm A
reﬁﬁ%§§n?§da%ﬁﬁﬁnﬁﬂiﬁﬁnﬁﬁwcﬁﬁlg%d,}nlgﬂ?gg %E%Fgée#ﬁg aryl
angabyb @PUpPn Asvihe@iy Giatpcah blee mdpeamhitedrpy R as

salts, "and in particular of the above-nentioned
codpddngd belbornmula (1), we can advantageously cite

aromati ¢_or er ti.C b td u mpounds of the
lopossiblémﬁgﬁogﬁ%rcg%%po &?hﬁ%??tS?Qﬁfﬁcgﬁg%sﬁhféd by
ONEcQlomhg Foamatliac () daet deoaridreat iiey @poltdsElReh
conpri Si n%ﬁ to 8 atons, thz het er oat on(s) being N,
0, P orRS.2Thé*substituent( })can contain one or nore
heteroaggygﬁﬁ§yﬁh as N, 0, F, A4, P, Si, Br or S as
well as alkyl groups in d to C6, in 25 partjcular.
W thin thd clegaresising say mongvasedn @14Phartitul ar

15 - R represents an aryl group.

Ag the aryl group of the cleavable aryl salts, and
in particular of the above-mentioned compounds of formulg
(I), we can advantageously cite aromatic or
heteroaromatic carbon structures, possibly monoc- or

20 polysubstituted, constituted by one or more aromatic or
heterocaromatic cycles each comprising 3 to & 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 ¢, to Cs in

25 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,

30 CO,H, NH,, esters and halogens. The aryl-type R groups
especially preferred are the nitrophenyl and phenyl

radicals.
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t he above-nenti oned conpounds of formula (1), Ris
preferably chosen fromthe aryl groups substituted by

el ectron-attracti ng groups such as NO2, COH, ketones,

CN, 30 CO2H, NH2, esters and gﬁtogens. The aryl-type R
groups especially preferred the nitrophenyl and

phenyl radicals. 11 Wthin the above-nentioned

conmpounds of fornula (1), A can in particular be

chosen W;bmnnt;hgaabovanmgnglgueﬁ capphuhdgesf formula (I),

Cohr BRPUGFo BRI Syt bretstine gefifc Enions such

al gghahatiges C&fdmxe)bka’ﬂﬁplie pey CBkoraﬁ@scand halogen borates
sul fonates. As conpounds of formula (1), [
pafBFBul &F | Fetapldmoarphnrate 6 aoeaﬁﬁaanda%h%%%n such as

frgﬂbgﬁslgE Wp cﬁ?ﬂ%&&&ﬂEgg ggﬁgpgﬂ$&gteéoahawgulfonates.

tetrafluoro orate nrtrop i 'azoni um
t etr af | Asr ochomatendst HE bfoumpﬂenyl(dbazoht uhs particularly

tetrafl uoroborate, 4- ani no i um chl ori

2 HETAYERFEORR| oottty B T nEoHeRs, - tron ¥he  group
4- bgngeykheegenedi a mdiﬁéﬁiworasar:awuoﬁoborate, 4-
cyanophenyldlazonlun1 tetrafl uoroborate,

4- shEbORPBATAGILEZARGHIUM 15 t et FeETAbLebERRREALE 4-
4 nium tet -
10, BEEOBhEAPIATKLELIRAT. OT o (bR Rotate, ’

2- am&hybhényqalaaehhmhphenyI)diaub@wiq®enzened|a20memhyl -4-
sul fate,

o GROCSORDERVAGARGONLNF, FPAOHHE a oReRRCUARSAgE g amoniun

ZOtgtEQQ@gBQBB@&§Q§d|azonlun1tetraf|UQLQ@g_ ed diazonium

napht hal enedi azoni um tetrafl uoroborate. It is

prEEGraﬁRBOtObOEHéeadheS|on pri mer to dsebosamiisny Jidiazonium
nt u In the sense of 4t #Hh

adﬁsg F %Prat ¢onsidered to beggbt %ﬁ%gy I¥fﬂlazon1um

gi ‘t@ﬁr&@h.\d@ﬁ-bbbﬁ:artta,r emaignphealylblcetunt i | reedchi ng dlazonium

tetrafluorcborate, 2-methyl-4-[(2-
methylphenyl)diazenyl]jbenzenediazonium sulfate, 9,10-
dioxo-9,10-dihydro-1l-anthracenediazonium chloride, 4-
nitronaphthalenediazonium tetrafluoroborate and

naphthalenediazonium tetrafluorcborate.

It is preferable for the adhesion primer to be
soluble in the solvent wused. In the sense of the
invention, an adhegion primer is considered to be soluble
in a given solvent if it remains soluble until reaching a
concentration of 0.5 M, i.e. the solubility is at least
equal to 0.5 M under normal conditions of temperature and
pressure (NTP). Solubility is defined as the analytical
compogition of a saturated solution, expressed in terms
of the proportion of a given solute in a given solvent;

it can be expressed in particular in molarity. A solvent

containing a given concentration of a compound will be




concentration of 0.5 M i.e. the solubility is at

| east equal to 0.5 Munder nornmal conditions of
tenperature and pressure (NTP). Solubility is defined

as the analytical conpositio f a saturated

solution, expressed in terns of the proportion of a
given solute in a given solvent; it can be expressed

in particular in nolarity. A solvent containing a ) .
gi vensddrredt reei & ofaburabkpdundvh@n | the 1goncentration 1s
consi dered to be saturated, t ntrat.| [

cabE o En SO A 11 10 O Thel BorBauRaLra thy £nld 'Sblvent.
solrmentsolubia igs} Wanh i by €anike fomiiwfimitef i Dnt €hel iatter
the latter case, the conpound is soluble in any . .
prGBSPvi&@qrF?%EOUBdCéﬁﬂ%R%%RF%OFUeﬁPY'ﬁﬁFEﬁ%ﬁﬁﬁnan the
52dReSLORPLIMRL1RERsENt in the solution used,

according to the nmethod of the invention, can vary as

desi redThe t kecexyer iofentathesSidr appimeri spregeated in  the

in particular to the desired thicknes e ; -

or GRAPE P Hoscl e HEIE Skt BF HAReSEoR By (HRyenion,
t hatnCammosss bb&s@ﬁédrg?scﬂw|dxﬂ@@rirﬁ%ﬁﬂéﬂt ethis Wmeunt is
film Thus, to obtain a filmgrafted on the entire
surrdesesf imeP3dItigud@dpot® ithecofeairedi (ihidfgiess of the

sol yti {14, S gl T t eafclthRi BN 3AREEL oA pri
10adﬁg FgﬁC15f%yﬁng%,Q9 |ch&§aﬁjg§ S@Einated by oF pranet
nmok@ett! acansi pessidlyul abdonsasto@irldi nget dnfegrated in the

ticul ar] d nmbadi f _
et onThle. aBect i fhr L0BnCaRErEERanRy T Sntire

|7 guird a3l W ohd Shsdespraunt cddhrthdandvictiMtiandsolution,
preferably between 5.10.2 and 10-1 M A 20 so-cal |l ed

"phitneld irgees$aTY ortreduiend t W ISR c 8MPRNEC oaf edhesion
W th.at | east_ o fi 0 nnqgggg r I ckidaSSu1 :
lsdeﬂrvlén(?rf’rorr"fl?h%?adhég]i ofr]?epri mer— an (liln % rticul aru ar  slze
derdaued fatdond .azascordifibe oo gani pattioutanlyhusdtantageous

const i | el [i rol r. It i .
gt ed ;so efy bt)ilea pin\r;gntig}/x? tﬁe Sagi_le%g%%se primer

embodiment o©
concentration in the liquid solution 1s between around
10°° and 5 M, and preferably between 5.107% and 107" M. A
20 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 film can thus be
constituted solely by a primer layer. It is of course
25 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
30 chemical groups pfesent on the adhesion primer used.

When the solvent 1s a protic solvent, and

advantageously, if the adhesion primer is an aryl




25 possible to use any neans of analysis to test the
presence of the priner |layer and determne its

t hi ckness; such neans can in particular be infrared
spectronetry (IR maasuremantf or X photoel ectron
spectroscopy (XPS) and wultrav Bl et (W neasurenents
dependi ng on the atons and 30 chem cal groups present

on the adhesion prinmer used. Wien the solvent is a

pr duazomumerﬁaltandtheadpélnttﬁgeb@%I golutiphe imhbesdnthan 7,

prlMPFSﬁi} i%gétéﬁﬁpdlazg§L|ca%ﬁlPﬁegggtﬁgng%FEQﬁenFed to

t owdrkl twiith r£GMMBEEREch00 \WokK I thE an@d:bbsam@entﬂe pH of
and 3. |f necessary, the pH of the solution c fi
adftbst EPIW e CRR| Peda@aﬂlﬁée@su% Ehendegir a_fa ue using

acw f YL P9 pRgent §c gv"rhg}éht?s PEEIAN kSklh! @4 1A person
art for exanp organic or mneral acids
suskﬂiehlydrrodiﬂe)ranct,acfdr syahpiecuadig, cxgands ®r. mineral

The adhesi on pr i can .ei t.her ntr uced | h
| i GGAGSs 6 E'S’ddfé’ﬂhh%é’&léb&?’ i & didfna so on.
situ 1thnddﬂé§ﬁaﬂ rlﬁ@ﬁﬁhamneﬂtﬁéftbéuh@troduced in the
enbodi nent, the net hod according to this_invention

conpriudgs S@lsxte;prbfa}s ﬁ%@m@cﬁgabﬁ‘ée adREsPen PEEpFged j4p situ
lOpa&%!Cg% E%Eft an %ﬁyl g@%%&b%ﬂhﬁalémbéﬁﬁﬁent the

compounds are geher a y pr epar e rom aryl am nes

whiret hisaly £odprdbeg atpl wials t ynténbioanicomprises a step of

substituents, by reaction with NaNQ2 in_an, afidich ¢ is
meBIGRATERT Lhket aAnefioBs PrilfEron ¥t kapricular when 1

exeﬁf'H?gﬁaldFQQSﬁlﬁﬂatséiﬂﬂ beygedchbRbotuels aarén generally
situ paration, a person skilled in the art can

refpafregaoretdwefrmpemrﬂ@rexm%r ewhibchBapyngempatisg a plurality

LTS M MLPAER0ENgR O Sgalesdh Wl ilho. in an

Soladiidgit f ofie@i@par aFoen &f tdecabled ddasompmlsalt of the

Byé;;g;;iéﬁggfxgggggathgngg%I%E§£Sg§ Pg bucg an in situ

preparation, a person skilled in the art can refer to the

open literature [D. Belanger et al. Chem. Mater. 18 (2006)

20 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

25 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 1ligquid solution. These conditions

30 involve parameters such as, for example, temperature,

nature of solvent, presence of a particular additive in

the solution, agitation, while the electric current does




context of this invention, in the absence of electric

25 voltage. Thus, the non-el ectrochem cal conditions

are conditions which allow the fornation of radica
entities fromthe adhesion pri , in the absence of

the application of any voltage to the surface of the
solid support or in the liquid solution. These

conditions 30 involve paranmeters such as, for exanple,
tenper dmnpregveneat dweing §bEvefmrchtr1@7er@% spdjcal entities.

I d wh
e B

fOEB&haamoﬁfoEﬁ&a@abaﬂnbmtuties e numerous, and this type
non-el ectrocheni cal conditions allow ng for

foPlfratreé‘ﬁ:thnr aefi carowht ppfes TaAd U et o%%taia%lehF?e prior

5tyg§t : tEP”Mé§rKE9Wm ﬁHE&ﬁEﬂJdB thesdetaiiodbd, 65-36,
epHor art (Renmpp & Merri ,PoymrSwneys

19Hmth6§ &6Wepﬁmth|g & VEpf) It is thus possible, for

exanpl e adj yst_the cmal . ki net | che i cal ..
phot ochEFn cja? &lljl SraBPEEﬁ Feal TRV TSR tﬁ%dJuSt the

adhask-RB1Dr i NErkiSewic,t 0 10cHeriadl| i ze phot@chbalt.ciaﬂ or
will forma radical entity. It is of_course possible
t o radagchendead angjrlg@gne@t lgqfurbgqei laydh@rsmﬁlmer so as to

10P2LRLRL Eilzgh thelgﬂaﬁnvﬁr@ff?nfokﬁ Qa§%Q1%%lt@%t1ty It

tenperature ution is easy to control
usiisg hﬂatlﬁguréé meblseddleor ned | ysimeltageaupdysoadjust a
skilled_in the art. The use of a thernostatically

CORLMBPLEGYe RFi FORENPITEMECTSar ti cul ar i nt erest when

it all owef QhdinRal e EOddntOf ist Beségashl @he temperature
conditions. The kinetic environnment corresponds

essént th¢| ysqlmtizm thdtagh? aBRSY W@ hidPiH@lsoPaiRgn heating
15 g Sy o M YD S et e
rm\a@éerkbfob tti‘tﬁa:f’(ﬁd)@ttalﬂ:ﬂsally controlled environment is of
particular interest when it allows for precise control of

the reaction conditions.
The kinetic environment corresponds essentially to
20 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
25 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,

30 or electron or ion beams can also adequately destabilize

the adhesion primer so that it forms radicals. The




within the solution. Vigorous agitation, for exanple

using a magnetic stirring bar or ultrasound, nekes it

25 possible in particular to provide kinetic energy in

the solution and thus destabi]ize the adhesion priner

so that it forns radicals. Fitally, the action of

various types of radiation, such as electromagnetic

radi ation, y radiation, Wrays, 30 or electron or ion
bewawvetanghhsusadeyiafiieby depeabehizent hbeapwdsiegnused, for
prinmer so that it _for radicals. The_ 15 .wavel ength
ssHpiR D8 BRetatnd BRanERpReneRtatdnitr o

exanpl e1306 gHa f orcAtbRKY| Renzepris azdmiviemtilon,t hethe non-
context of this invention, the non- electrochem_cal
coRdpeEsRshamisaln onsk tilpast AW igH ofor sthgqifezmation of
ent.L ar ical l hqﬁgﬁ t up
5co%é?#?%%edg%§¥?%§$nﬁ¥€&ki tl%?Tﬁ ho?ggggﬁicgf?morthe greup
r adbashenutal cdndi t thasmahd cdniiatdtd onsphbepebeémical, or
Advant ageousl the nqn-el ectrochem cal .conditions

al Faa;ilﬁg B‘F'Cgljre fS?ﬁaf‘Fbﬂgsof FoQi ¢ OB T S o HiFTEOT
chggeantbgBLLEE yIr OURKONSt hbHt edebyrbbREMBEal  conditions
chem cal , ~ phot ochem cal or radi ochem cal conditions

andllewibonafpPsnstifer Eormaf ieneneohindiardkCahd/Ft 1G4 are
Ki neti.c | tions - el ' ;
kL 4B, S LTl TG0 s, cpomicar.

rons are hore condi ti ons.
15phatblBemdrntaxt obrchenredlicohrtiitdadns, idoridkitions and

envi saged to add_one aor nore chem cal initiator(s) .tq,. .
t hEOMPLgatdoBs| (HIEgROLs Wadht PEE ATEHEeY ARl 5 deinetic

?ngngggi%h@.e P a%&éﬁb%&@%r@ﬁﬁ%@@bﬁ%@ﬂ&f@ﬁﬁs obhre more

hesi on pri mer di ng one or nore chem cal 20

i nispleatidr sl 1yo chissildeduicerelditdansn. The presence of
e
abewei shyeicald dd one or more chemical initiator(s) to the
liquid solution as defined above. Indeed, it is also
possible to adjust the chemical environment of the
adhesion primer by adding one or more chemical
20 initiator{(sg) 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
25 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
30 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



a chemcal initiator of which the stability is | ower

than that of the adhesion priner under the chosen 25
environmental conditions will evolve in an unstable

form which will act on the q?esion primer and cause

the formation of a radical ertity based on the

latter. It is also possible to use chem ca

initiators of which the action is not essentially
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t erpaiatlse badert vah, thecoiud niptor t hEFhisdegmpostt ichemical

ki netics; 15 - photochem cal or radiachenical, . . .
nifhEaEe ifnPeReaRd 10 cReey S5 CiTd G tisRin @ certain
trigapeedeiye | Ihedi-Ahl on {usaling U¥o btlie Bt S@etomposition

radi ation or electron beans) all ow for the production
of kiagtegbs by nore or |ess conpl ex mechani sns.

Bu3SnH and 12, bel . 20 photo j e
i eni - tiators,
lsradlochen1caPhP§P?ﬂ§ %?5; esggntrétfgac é%?%% initiators

i Nniyhiahor saravhi eRcaged 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

20 photochemical or radiochemical initiators;

- essentially chemical initiators, 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

25 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

30 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:)



rapi dly and under normal conditions or tenperature and
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form radicals. Such initiators generally have an

redox (for 25 reduction/oxidat%zn reaction) potentia
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adhesi on prinmer used under the reaction conditions.
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1&'“%Hé”ﬂ§$§ of radical entities based on 10 the

priner Tquid solution inplemented in the nethod
accor di rthe o Iiguidvestlioniadvantnpdenseskgdal s@@ the method

i ncl udes_, one_or re, chem cal prinme %s% chosen fromn

o ASRREHPICEQl T STV o PRABHCRIFRISAY o Includes

defdfiedhihgidre el Al | ERNSr (s RICKESE| Er @i :

i norganic base in proportions sufficient for the pH

of the Iigei drsbleandnmesale 19r dat Einehdn GV ERAl g™, as
1zi”é§%fnéhrﬂé§éfradlated polymeric matrix, as defined

- a metallocene,

-an organic or inorganic base in proportions
sufficient for the pH of the liguid solution to be
greater than or equal to 4,

20 - a pre-irradiated polymeric matrix, as defined here.

Among the primers capable cof 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

25 halogenated initiators such as iodine, o-halogenocalkyls
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

30 between a hetercatom, such as N, S or ¢, and a halogen,
potassium persulfate (K;S:0s), azobis(isobutyronitrile),

peroxidated compounds such as benzoyl peroxide, tert-




Among the priners capable of being used in the

context of the invention, and in particul ar when the
adhesion priner is a cleavable aryl salt such as a

di azoniumaryl salt, it is possjible in particular to

cite 25 hal ogenated initiatoréliuch as i odine,

a- hal ogenoal kyls having aryl, allyl, carbonyl or

sul fonyl groups, polyhal ogenated conpounds such as

CChdtyl @HEk3cideconpouydls deavixigiehi gheéytthbiye perbenzoate,
coval ent bonds, wiith hal ogens an ner-al | y. . ;
coFF’e’EﬁfiHBVEg BYOBORAEOBLTED | Ued HO b whaided Teductive

hef,eeQakoBLchUGR 3a%ol, 2iek,Onierdly PaleFgedbly in the form
pot assi um persul fate (K2S2C8),

azobi E{ildpbary£amet PRLELCLege Pax MesPdd iComeeUnddReFey metal

as oyl peraxi.de, {art roxj,dg, £&m4 ‘
Spersg\;igéé %@r t%%}%ulp%’be#%ggﬁg@etr%%t - Ehtgyl erroccj:-ne

hy di-epas axiede pcthelrine  na i ek danddint paet icelars matrices

such as iron, zinc, nickel, preferably.in the form -ofc.
fi PEng®LLYMRE Spactireres ceﬁrqxpgt acﬁyg &anﬁsdergoweotlgelflnes’

f5 ?36'1 arbbrBekli cukal, PEipttRgesss st@Fe@schalates, which
erro

ene, Irradiated polyneric matrices and in
papbilymears ma@rieces adyang@igaessd ychoddiiomigiated or  even

pol yur.et hanes, pol yol efines, polycarbonates, and

1°poP§§F §ﬁ@aF§%éphthalates, which polyners are
advant aggeusnourddiaif nat i dtorveihll 1Bepehblseor iavatcaiing to

The amount of initiator will be chosen accordjng_to
t h&her REREeTHNAPRIORICHS ef5SCendtHITHA e ghﬁu punts are

ar aEhﬂﬁ Oga 8BS S £ OfoRBRERRY, S and & yipiRiataly Yaround
argﬁﬁgg&%%%gb Bg?gfo% exanplg, when the adhesion _
prileers i sThus 15faryexdingdeni whesal the | adngspegs PERESE 18 an
use, as the initiator, iron fili .Qfy whi th
154i &Fat rdé'rﬁ‘zf"ﬁéumpaﬁ?ﬁgl’esl?s :béet %ens%ean&%Sgg%' 155 ©
i S 13]i%Q 435S bk eont FillSihgd ,0nodr wiieh whel didmeter of the

w |l generally be (according to degree of fineness)
fi pantl)cleextim béheeen 50 and 250 pm. It 1s also 'possible

to use iron or steel wool, which will generally be

(according to degree of fineness) fine (0), extra fine

20 (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 condi;ions so

that the pH of the solution is high enough to cause

25 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,

30 generally between 1 and 100 pm, in particular between 5

and 50 pm, and, more specifically, close to 9 pm. It will

advantageously be a polyvinylidene fluoride (PVDF). 1In



20 (00) or super fine (000). Mre specifically, the

di aneter of the wool fibers will be less than or

equal to 3.81 x 10-2 mmand typically greater than

6.35 x 10-3 mm Alternatively, it is possible to use

basic conditions so that the ﬁﬁl of the solution is

hi gh enough to cause 25 destabilization of the

adhesion priner in the formof radicals. It is also
possittlieularyse itat riscepaggiddieat dwb | Msevard o ¥wvimylidene

Ve B K HECET| R RTE! oA eV 50 GaRsarRy - The

betiwaeiiihtarsh H¥:ePMs iqerardl oy it veainmern énd axob 3Gy, and
pm and, nore specifica I])F/, close to 9 pm It wll

ad WeTca Al 51 el ly pb? 9 VFey | FaEnBVPFuoSuGE EPMISIRTaNE can,
19 rtj I ' t Q-use obyy [ :

1 S G Ui raRiee s 0t (FUch, ROPTEATS SO0 L.,
Tha tHataddisatifacadaste droweher a1dss etween 10 and 200

kGy, and. nore specifically 100 k for PVDF. Such. a .
menbr ané Tcam® 5 giﬁoexm%,b%ve%i nBRSi ofs TS Hr3diated
anarsm%ﬂra natfix & Al fi4f agre; of around 4. 0054

cnf. I't is also possible to use a pre-irradiated

pol ymeri-c gugnbkeen terf @xamgle - WiEhn A efiearpr diameter of
ex%QRJe wi.th .a an dianmeter of 10 200 pmto 1 cm -
1%ﬁcropé@%ﬁ§f§$, ‘or exanple from1l pmto 100 pmin

di anet er-, nlcrognarAlds clfRs; eemgyld |frdu dmpn noe tH00 um in
900. nmin dianeter. 15 Indeed, the decrease in the -

di sHeMStt tHe particles makes it possible to

i ncrease the, §ftﬂ:fes?og(aﬁ%tra§l1&f aGforng thered 0680 nm in
the quantity of radicals & the Surface with respect

t o dirmanesmmYe. nass of irradi at ed

15 Indeed, the decrease in the diameter o¢f the

particles makes it possible to increase the specific
contact surface and therefore the quantity of radicals at
the surface with respect to the same mass of irradiated
polymeric material in membrane form. Typically, the
20 specific contact surface of the irradiated matrix
available will be much lower than that of the surface of
the solid support on which the grafting is to be
performed.

The irradiation of a polymeric matrix can consist of
25 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
30 accelerator, 2.5 MeV). In the case of irradiation with an
electron beam, the energy deposition is homogeneocus,

which means that the free radicals created by this



pol yneric material in nmenbrane form Typically, the 20
specific contact surface of the irradiated matri x

avail able will be nuch [ower than that of the surface

of the solid support on which Bhe grafting is to be
performed. The irradiation of 3 pol ynmeric matrix can

consist of 25 subjecting said nmatrix to an el ectron

beam (al so called electronic irradiation). Mre
spéeirkiddaltiipn tvhilsl shepdiakribered suniformarnitg thire surface

poIa rlnc R, |Q>guv[\rnlet I’(])fan eo%l%ﬁ:lrelrxat ed el ectron beam
whitch béam can en1tte an €l ectron accel er ator

(for examel elrﬁaa/aatdﬁgesﬁfp 30faceied epatlgmerd.cd Mavyix can
In the case of irradiation with an_electyon beam _the
enér@P dePRSitt ol sSHRMREeHRDUSAIAMIRI eak® thaheavy ion

st h% ia thcalft Cigatsggcl?.fﬂela' St “lﬁéé"@y a&bﬁg"w'alrle ions

istri ted uni formy at the surface in the
volqinewcblhchhethat r massThési rgaelaaerngthaep blﬂat hecf carbon.

oS i3S ofe S5 SoBnatt hom, EELpERpy  gfpaa and

t hadendeavy ions" are ions of which the mass is
greater than that of carbon. Generally, these a

i ons ch¥derherom kr fpeortonteaat: afé Phﬁm#ﬂr%%eﬁﬁépdﬂment or
10 gy nég?éﬂesce&#gog&ﬂ t eHBQE!rgB@& bovd, L BReSeCOiation

enbo ove e |rra lation creates
frea—aaaﬁacafseenmkﬁadmtsernal thensnattejrlaﬂg thastituting the
matri x, %1 %{eatlon of ffeg radic§hs LS a cquence
H?&fd@hcé” tFECATENR 1 8 5FSPr FAGTSAISN *En & P1B°T
Sa'd% e @ins fHIe JfadiG el RN Hnd iy s W) Hlid material.
irradiated matrix 15 can be trapped in crystallites,

so as t@herotadicahe Dresentnelnf sued mRr ixTRdipted matrix
1§n;{c%%02§sgognrggr§%edt ihS cf@&'ﬁgif{’@eé ecgrended § 0,486 ong the
lifetime of the matrix in its irradiated form. It is
therefore recommended to use matrices comprising
crystallites, and, preferably, between 30 % and 50 %, and
generally 40% v/v of crystallites. Thus, for example,

20 polyvinylidene fluoride (PVDF) is semi-crystalline (it is
generally 40 % crystalline and 60 % amorphous} and can
exist in a plurality of crystalline phases, «, B, y and &
constituted by the planar or helical association of

chains. The phases o and B are the most common. PVDF is a

25 thermoplastic polymer that can therefore be melted, then

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 P phase is
generally obtained by stretch molding of oa-phase PVDF, at
30 temperature below 50°C°C°C. It is recommended to use for
the present invention PVDF comprising primarily the §

phase because the crystallinity is greater in this case.



crystallites, and, preferably, between 30 % and 50 %

and generally 40%v/v of crystallites. Thus, for

exanpl e, 20 pol yvinylidene fluoride (PVDF) is

sem -crystalline (it is generally 40 %crystalline

and 60 % anor phous) and can eXTst in a plurality of
crystalline phases, a, R y and 6 constituted by the

pl anar or helical association of chains. The phases a

and P afe timemsste conmoAuaRYDEYi ©fh P&lieelsppeasseéble at

h f d
mer _t %‘F‘%ﬁg’u r%nq{reﬁé_’l%g_apl‘q: eg?]syﬁ‘g%%rmygﬂe various

obtfaalrm@d d’é’s@ﬂﬂ:é@gabb@'@ t heheokperifiat oftarctexanpfece of
after si rrpl e extrusion. PVDE primarily in the R phase
i s thgene PRLYPCEECai nER S isthSet cW RS di fdiSf £PHdsen can

.\

PVQE’V a"ﬁtt

r agur 0 reggémer}gf@lr
to use fo%g %gezgrg%en?n?%g%teléoﬁgg D&l}&]c{:%)ﬁprl si ng ° o

pr namopoy culse R'I‘qnhaebtbenauwmhe t:m@t abfi nmegergal, the

greater_ .in.this case. | 1Cr eas ity of
ra&|rc',‘§1d§'a§cl@é’sﬁtkﬁpe szln #) fast hrkz:llci:ér%agdl at ed
pol yners ijRrbldg ataonobE tfh@’ o lgasatid etk taliey ey temvy ions;
specific contact surface of the paolyneric naterials

Wi th the sblemicsd @ﬁ@%aﬂ%@% Ry HYfEQRREEF nyPt the
lOnali'aQ:genttheer%cﬁerso Uredl Tl | on I ep-l{'.‘héJbt]:?éa[‘q} h'&ﬁé/petracks,

of “mat eri

can be perforned

f oldeassl't ing riradipei ehavinel®e pol yneric matrix by

heavy ions; - chem cal e posure er by
hydr ol ysi Slegtiopd ¢ 1Y c% %éﬁpé& aq%et%se

heavy i afg lieki®al @%ﬁﬂéﬂﬂ&lddhéﬂgﬁb(ﬂﬁﬂﬁﬁﬁéﬁng the matrix
electronic irradiation of said open channels. The

chdmi cabnmpbswethoﬁsl se89ERtpl GapHele he frehyAxolyging the
1 corl rtt\r’\'I {ég%a éga%%ntagaQ%bl ﬁ%ﬁlow Cl@vé/zv]l:ﬂgnﬁé‘:t? ].r.% their
p'%ﬂ%@e.
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25

30

as to form annel s 1 n

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 at( a temperature of 65°C°C, when the polymeric

matrix is, for example, constituted by polyvinylidene

fluoride (PVDF) , poly (VDF-co-HFP) (vinylidene-co-




According to this particul ar enbodi nent, after the
irradiation of the polyneric matrix by heavy ions, the
generated |l atent traces exhibit short chain polyners

20 fornmed by splitting of the géisting chai ns when the

ion passes through the materi during irradiation.

In these latent traces, the speed of hydrolysis

during the exposure is greater than those of the
noteixafddioaopdopemet s. |t fiuehiidepossi bl e RY YEMAENGR-TrFE)

LSS A S PSR, FRIRLART) sy v0e-co-

ent aces
depenrieric -@hlidie THEE®I | alvieorsiddns g il uvatodthylene-co-
Thus, the latent traces can in particul ar ge tre%ted
by M@TRCHRIOF Fasifd uerPesvdieniehg sof HEPbrdeluch 38d 5  other

SKOﬂe%%'ﬂhu%‘iji'ﬁtait%i 5%&@.39”@9 A rdhfehat High %by basic
30"weight at a tenperature of 65CC, when the polyneric
matsclution,f aptexxnsilly, cwmisinaditwictbya mensd tdatdieore of the

flyoride (PVDF | y(VDE- co- HEP), (vinyli )
he%%Hcl?gqr ((J;?ryopéﬁ’ep?l%g} i cpeﬁco sp"bﬁ?}(c%\[%'—'{%ol %:CE‘EE) Gffple, for
(Vipihindanre- gQchr i 44 Ugﬂqﬁdbﬂﬁr&é| gefieg@thalate (PET) and

pol y(VDF-co- TrFE-co- IoroTrFE% ,
(vinplyicgskhenad-q r (B¢ uor Bee hrepenegt leads to the formation

10m%%cm09.rl%tv»f icfajlliﬂﬂe.i.tcry]! %Jé ,uoc!'ﬂéjecii &t hof ,vghich can be
perfluorinated polyners. "Atreatnent wth a basic
S O lmdtdiudn t eap telcartadd nge drbi ther duttdt kors erfs i the At Feptmdnt with
the traces by , _can, be sufficient, for exanpl.e,.f. .
polS§ifer8agyen p%¥§€fﬁ§?%n§c9§g@ﬁﬂ¥hé£%?elfg%?gagﬁgﬁl will
polgraiRona) &d Riar foril tdeainmntit heagssd D i membrane has
formation 10 of "hol | ow cylindrical pgres, the dianeter

of hetiwsterc ako beandobl at sacagcBrdi K§" t o Itha'iddr diyRirally be
1! HISALELTER. "o, {1 DipFe SHELOKFELELEG op che, orces
so dihati1dfie Fesul wentpramedyr.aneties bt fwemtiOm angencerning
011 {2ces Dol A LLeMLL! LUBLELLY B0 B B sea. for
chemical exposure according to the material constituting
the matrix can be found in Rev. Mod. Phys., Vol. 55, N°¢ 4,

20 Oct. 1983, p. 925.

After that exposure step, the electron irradiation
is performed to cause the formation of free radicals on
the wall of the channels, with the implementation in this
case being similar to that described for electron

25 irradiation in general. The beam is genérally oriented in
a direction normal to the surface of the membrane, and
the surface thereof is scanned homogeneocusly. The
irradiation dose generally ranges from 10 to 200 kGy, and
will typically be close to 100 kGy for PVDF. The dose is

30 generally such that it is greater than the "gel dose’.

The latter corresponds to the dose at which the

recombinations between radicals are promoted, leading to




of 1010 for nenbranes. O her information concerning
reagents and the process conditions that can be used

for chem cal exposure according to the materi al
constituting the matrix can bg found in Rev. Mod.

Phys., Vol. 55, NO 4, 20 Oct.21983, p. 925. After

t hat exposure step, the electron |rrad| ation is

performed to cause the formation of free radicals on

t héheakireaft itine ofhdmtelrshadint bande ilgsiddmenttat itde ifprmation

LR, 525 M Bl O P SRR L o, 1.

ger@ealdafnit i esE | & gai1di fmeRid, ONididTeA a@stehgreater than
surface of the msnbrane and the surface thereof is

scéﬁﬁedgﬁdrré@@@éoﬂﬁ%ﬁrw qrﬂsﬁmldtﬂkdﬁl%lé@é*ﬁ'éhetr@ I“’}ﬂtrle
fr , [
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Ssupblymetr | toi sbegréatpemvtehhnlhhetﬂgelsamtese'slngﬂee step that

| atter corresponds to t se at which the

r e SEREEALES or’f@‘eogt" E:B&dﬁagasl 's are promoted, |eading

to 23 hhe areﬁéhomlmthﬂgerémhllsléond@hée aspheeh £ t hontact

formation of a three-dinensional (or cross-1inked)

neswsfRcel of, a tArenfo PVRF] mﬁn@ra@egalthrméihwnﬁf% of 9 pm

1o
10 SREHRRRER o Wy Re e P19 5 Thuc Shall il (R after

me d raaidd alt ipheAerducesl @fretamoendaf aaYmesreés per cm® with an
i mproved in_the sane sin estegthat neratesthe

fr e¥eragec Aamekey Rén-IY MR nghBRafR 1t"’l’fﬁe Lpetippg more
ConkaGta 13U HACE QtZEHQZ§ﬁ@¥é@@”ﬁh§ﬂeﬁMﬂrkﬁe pame non-

thi ckness of" 9 pm 10 increases fromaround 4 cnR2 to
ar paredud) mem@rafiteer i rradi ati on-i nduced creation of

1010 pores p cn2.wth aver age anet er of
®nm thugrggnagjrci%ldw ?Pﬁ%gl%re ocfdcaﬂgs p{r'%sert;'{l% present
t he nsenfrdes tdaan fuitHdie mlw-awwm rerrancfactant as

hereinafter described and disclosed.

U'I

The solid support of which the surface is treated

according to the method of the invention can be of any

20 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
gupport to be treated in accordance with the method

according to this invention typically has at least one

25 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,

30 for example, the method can be applied to surfaces of

nano-cbjects such as nanoparticles or nanctubes,

typically carbon, or to more complex devices.



15 The liquid solution according to the present

i nvention can further conprise at |east one surfactant

as hereinafter described and di scl osed. The solid

support of which the surface i24treated according to

the nmethod of the invention cafi*be of any 20 type.

Indeed, it is at the surface of the sanple in contact

with the solution that the radical grafting reaction

WI|| t altmepl ioeenfhos, itsheapplicsblef ttcheasofide variety of

p tobetretedlnacoiygT e th £.ho

gpdlrr A5 S o°F hi SRR oﬂgS %fly asé%p @%&%nglay be
25 Alqyarcapabhe £f Wakigvhpyetyedof nmateadiadal. Indeed, the
reaction. The solid support can be electrically

comfFgidd, qugrs n@fﬁaf‘ééﬁﬁu@@fl \Pe. PW%oFﬁﬁlgﬁﬂapGﬁ’P%a@nd does
dnays %na r@écfuﬁh lg{lgfaégrf%‘ée Hd A a%%c?ﬂ.bffc limiting

roughness 'S "applicable to s es of
narmimtardtfemrsmsrlcsua:hzeasThhsghBchnduetanptg, tHeus, the
met hod can be ?EEJGPI ied to surfaces of nano-objects

sucEH1 SarfFTreS QRERTHIC (R AUBSRETRpi AP YA doiC ©e of

#%Hﬂfz@s?@gplrﬁdh&%” £88 hAe TA€ nomemtiifdin Scomposition.
applicable to a wde variety of surfaces of interest,
of Ashi ot frce ohpobng | @nerray meTec RESEH S 6Hh AAITOUP (8)

varlet of eri al s, d th th $ dditi
racfatq ofngg purbr Hn)? ra%L %'I%tdy gn g%d g%ggé not ron ¥
fecﬁuﬁsﬁciﬂiﬂ:ﬁﬂ f agadtddmgvesaphcids c dH,m t:amgonyls (ketone,

characteristics such as high_conductivit Thus, the
surq%ca"ﬁcb‘% of gaRN¥AB} nQHJoF&gﬁ a”\r/ﬁf& L PpLogens,

qg?°§'tg%nﬁhﬂrﬁranqéufﬁf§th¥bﬂMHf(Eéﬁcerned by this
conp05|t| on y surface having one or nore aton{(s)

or fatwentgiaup (s) 10 capabl e of be| ng involved in a
e L
aﬂﬁﬁﬁ baNchSSenOrf 4 0g6NGuct suehmasekiaCk anctiBrasisetals,
' égg{écgggglg?nigéﬁg¥ié) égégls, transition metals, wmetal
alloys and, for example, Ni, 2Zn, Au, Pt, Ti, and steel.
The inorganic surface <can also be chosen from
20 semiconductive materials such as 8i, SiC, AsGa, Ga, and
g0 on. It is also possible to apply the method to solid
supports having a non-conductive surface such as non-
conductive oxideg such as 8i0,, Al,0; and MgO. More
generally, the inorganic surface of the solid support can
25 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,

30 such as latex or rubber, or artificial polymers such as

derivatives of polyamide or ©polyethylene, and in

particular peolymers having n-type bonds such as polymers



i nvention. 15 The solid support can have an inorganic
surface that can be chosen from conductive materi al s

such as netals, noble netals, oxidized netals,

transition nmetals, netal allo and, for example, N,

Zn, Au, Pt, Ti, and steel. Theé”inorganic surface can

al so be chosen from 20 seni conductive naterials such

as Si, SIC, AsGa, Ga, and so on. It is also possible .
towamasll ;etxmdam Heends, sertonglppspuBingsi agda imine. It is

e SR R B e R e, SR S S branic

gener a
| n@w&mc@_eﬁurfsaeh ofst hsusf)iad:elssmp@]:mdnagl zs:hssaccharides,
constituted, for exanp an _anor phous mater
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Scern% a18S f¥eleh-3S gLt abki necgHeh asrdi ﬁ@Pﬂd dhe fluoro-
sol'i'd Support can'have an organic surface. As

Ormymwfsmm ast rosl wiesstaf laaupeditneleng u‘r%TFE) It is of

| | fi cial
Do s apsibth s SR BBRS Amefhol {0 ¢! surface

polasptrddeairNtd mﬁrtdxcmaq;enocﬁa/mﬂﬁmuakgwe
n-type bonds such as polyners_25 wth eth Iene ?OQ$@
car bonyThgr o*@} s SHRBOTH AN/ QY | She sy solid

re.c I
Suc%}bz?ts Suﬁ?lggf;égnl It fn QHQ E¥nebdenicE i aﬁﬁsentlon are

udi ng pol ysacchari des, such
caddﬂanﬁaganusﬂyxbmmsmm@mnedabylalmaaanBISQhﬁaﬁﬂMfrom the

fibers, such as cot or felt, or r oly

SuBH P SHPUT BT PR oPYomER Ak (FAPY) PApefe motten, felt,
COW S8 RIS Sidd odrp raisukee, mﬁid&ﬁbi o Bmetrd aed diamond.
correspondlng to a priner Iayer as deflned above. The

sol i d SWdM/W ehepaRifice eFbeREmepti dtheg surface of
SSUH'H-P”SO 24 Nhhe 1%9&5 eXheOfofdi$id N¥E8AL O to be

are adva ageo y const uted by a nmaterial chosen
froedel gfoepudppeld twitted by maekalthatwodyepapélt, at least
(“ngéﬁklgfﬂ§ and that insulates it from the liquid solution.
The mask typically corresponds to a physical entity that
is neither grafted to the surface ncr covalently bonded
20 thereto. It can in particular be a bulk material or a
thin film of material, typically several angstrom to
several microns, generally organic, deposited on the
surface.
The mask makes it possible to 1locally “mask” the
25 chemical reactivity of the surface with regard to the
radicals generated during the process and thus leads to
the controlled formation of a film 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

30 protected from the formation of the organic film. The

surface of the solid support contacted with the liquid

gsolution as defined above thus typically comprises at




silicon, carbon nanotubes, fluoro-polynmers and

di anond. According to a specific enbodi nent, the

surface of 15 the solid support on which the organic
filmis to be fornmed is equipped with a nask that

covers it at least partially gﬁd that insulates it
fromthe liquid solution. The mask typically

corresponds to a physical entity that is neither

gr dkbed tme Rresurdeoeredrwitlyaf emakl . bafited 2@moval of the

thereto._ It _can in particular b ul ter] r
ARSI of “AmER B1E 0B BRFPCashar A ngar Fasdy shar was
seyebile cicel, ORM1 igeNerlad | yupfgeai chatepasi hed erniifpped with
surface. The mask makes it possible to |Iqcally "mask"
t h@ MaSkehepeganote FAPRISE & FRE S fdd@with regard
to the -hadifal r Hil0 HOS REEETHRRD BPUS thi
| eads to %the ggn??%?lg; fé%%ggﬁgn %f a fiﬁﬁisoleléyon 1n
t héd ayent icfnsinaxfgdrine: sor f acgarkposaterbdailhacsdngt iagn,a layer
Wi t he areas of, t urface of, . the support '
W BF DRI SRTSR G JPah SET e oRS ML ety gent 1o
t hepidanichs i | M 1B r suef aga efidineisoldohsitnosd as such
contacted with the liquid solution as defined above
t hdasofsitcalsy ésnpApsss BPt26refdike oRleardse cRVer fFtreme
Wi t . . . | 1@pmeN . .
]i%hénggggggﬁg%fé%E%légﬁ?éget?%akﬂ§a pré?%c?gd?'ug?i %Sally'
t helgur faneléhatonvdist imis eqoirpeeponid htoa amaskppdeeschemical

not conprise a grafted film .The Wi

5 K I
pré?ﬁ¥hb|@eQﬁF tP?EFQGmBQ gmﬁﬁ}ﬂgaggiangf an ultrascund

| NQLQatfert O 0RNES1VBLEN bRl afClinkGedsed iAWRImpefature. It
| ower cohesion that can easily be renpved under gentle ,
cordi taforepursd ajesivibhat BorakFhpsmasks ngér & L€ strhble in

j ngof ar_ as_.i.t _does nat,. r ' t X4 I SO ;
1gco g'?et ST ST | S'Ln‘fea ttpglq;t éerﬁbrgft%ﬁ fﬁ?n iypl calﬁ)?/r,l' Tee
t heigentie wonditd Mnisne argaspiont. tThes sifpl s cheneeended to

use a mask that has a higher affinity for the surface

[5)]

than it has for the reaction solvent.
The material constituting the mask can thus be

20 chosen from a wide range of materials. It will generally
be chosen according to the nature of the solid support.
Advantageously, the mask is composed of alkylthiols, in
particular long-chain alkylthiols, often at Ci5-Czo and
typically at Cig.

25 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 nc organic
film will be observed (similar to the so-called *lift-

30 off” metheds in lithography).

The mask deposition technigues are known to a person

gskilled in the art. They can involve, in particular,




wash, generally perfornmed with a solvent, an

ultrasound treatnent in a solvent or an increase in
tenperature. It is of course desirable for the mask

not to be soluble in 15 the reggtlon sol vent present

in the liquid solution, i.e ed in the grafting

reaction. Thus, it is reconnended to wuse a mask that

has a higher affinity for the surface than it has for

t hgoaddad, orvappy edepoFhbinnt e almmrsion ut Thyst hghe mask,

masik L t l“:':"?’n tc): Z%h 5AI;;"aIn frorE avgerlarlan%e Ofbe dep081ted
naterla genera y 5e CRosen faccort ng t

th&ortateﬁm;qfetmywirélcsuaﬁ@mng Aﬁi\tﬁnha@@luﬁl gpertchﬂ type)
mask is conposed of alkylthiols, in particular
| oRGHc HERY egnarech v td th e hogercimteialng On glass, it is

sty o%%l ll:i'l.eat Cfgémo% £, ”Eéku @ r£acy 1‘%..%13 tg.ema.rker such

radi cal's generate ring the process. In every case,
it auss Possée blperavddedenbor igasn ,asoto @qmsgreheyarsiasstance

f .t Lid t surf ted fromt
o1 At Peng "B whL B T ATh: FOTH e FF bEoBbsahgeo-calLed

( Simiidrajcdr sldte §- 1Ciﬂ:|1|r§d "rddﬂ‘ﬁc;dSOm{if reddiatisnid can  be
l'ithography). The mask deposition techniques are known

toa® A0 ganbiselar e the sumfdre QF iHwlsrlid pupport
10Pa'iqteﬂs°.‘£aét;|:éég %‘H&'xﬂ% VP@P"sQE?&?O %ﬂ}s"a such as a gold

i mTer si on. the
| ayserr faiceratier itdis cmsdae:lﬁemw}{ edi, 11 fgnneeoea]rﬂm ebe yomposed

d| ct wing wth a felt ncil -type) . pe .

e GO T « Hat R e hod e i Ay ithiqts (so-
5 ra%as_lel@ @i PR Gr it USP, t AT BSK) , BoMBEKCAE Cy5-Cyo
such as those provided for paper, or else greas

sulsdanderpidaklwaxat| t Cis allﬁ@r%osgﬁbﬁﬁaﬂémsett classic
157 a5 kol BEER Rl A TRAHHEE 9 3o pe, mask
Ofd@ﬂhéﬁﬁdﬁiﬁgunﬂﬁén]ih§uﬁa§u6mrohgoa§hlalpmybmcal mask or
SMJ!g-;Hfgg%t%ﬁﬁgzii'%é¥%é%llable particles, then exposure.
According to another embodiment of this invention,

the method for preparing an organic f£ilm at the surface

20 of a solid support is characterized in that it includes a

step of contacting said surface with a liguid solution
compriging:

- at least one solvent,

- at least one adhesion primer,

25 - at least one radically polymerizable monomer,
said monomer being different from the adhesion
primer,

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

30 primer.

Everything described above concerning the adhesion

primer and the possibilities for action on its




surface. In this case the mask wll generally be

conposed of alkylthiols, in particular |ong-chain

al kylthiols (so- called mcrocontact printing

techni ques), often at C15-C20 2gnd typically at Ci18.

More generally, the classic 15°tithography techniques

can be used to formthe mask: spin-coating, then

i nsul ation through a physical mask or via a |ight .
beamvironoetytol It eqlaernitc| s therepmgiss wre aprotic and in

According.to _anot her .embodi nent_ of this inventi

hE RS S ST A AT ARARIE T |9 S e The support,
SURhRC oL Wie achohi €aBUpRAhikrisS AltArachosbiBlei mask, also
that it includes a step of contacting said surface

wi BPpd lisisqdiad t9e mhﬂﬁﬁﬂ@m’ﬁpr@eﬁq@beﬁ 3he¥&- one

sol vent t ' ' sgats ;
5one radF@%I%ﬁﬁﬁ%ﬁﬁ%ﬁ:éggfgéﬁgﬁgé%g?ﬁoggﬁgrﬁnﬁgﬁggﬁénted =
beithg dcbheesnt 6fomhiwe ddivesitdon promeegponderto monomers

non- el ectrochem cal conditions, and _enabling the,.

f ORRRATI PEr RIS EifsEod T e SaRECEsRRS after

30 iRfiivTRiei Javebyt bl neadiess1 | bedmabave soticey ni mgptikally, it

adhesion prinmer and the possibilities for action on

i t S LVes impiRRnkeS t GeMBBLSERG , 2k LRSS tHIRS ity lene-type
aprotic a in_.wWhic oner, i 0 y

1COIHE, “ERe sblibte mRIC R BaREiRtaRITALY monomers

andier qrasRid| tn neRk, pakeat ampliiestion HER efbodi2Fdnt as well

descri bed above._5 The radicall égggnerizqgle d

morRGimdi’s BARATENETR AP 1114 The T RBET BT Y | TRAFR I -

cor respeRa 4, uiRNOIEr 8 pedRaklg a9 yPAwRItAdthdngfiodiment

radi cal conditions after initiation by a radica

cherfi caheentntsnt ikypi cdhey, vinylj masianRer () edgl{aye) chosen

1SCO rrc;mSItrI-ge antlorlloemaesxt's ocpte £ tehy%oeﬂ.eévsyﬁge formula (II):

R Ra
H (n
Rz Ry

in which the R, to R, groups, identical or different,
20 represent a non-metallic monovalent atom such asgs a
halogen atom, a hydrogen atom, a saturated or unsaturated
chemical group, such as an alkyl or aryl group, a -COOR;
group in which Rs represents a hydrogen atom or an alkyl
group 1in C;-C;; and preferably C-C¢, a nitrile, a
25 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,
30 propyl = methacrylate, hydroxyethyl methacrylate,



10 bond. The vinyl nononers, in particular the

nmononers described in the patent application FR 05

02516 as well as in patent FR 03 11491, are

particul arly concerned. Accordi 09 to a particularly

advant ageous enbodi mrent of thé®i nvention, the vi nyl
nmononer (s) is(are) chosen 15 fromthe nononers of the
following formula (I1): RL R3 >= (11) RZ R4 in which

t héryRraxyrfepybupssthaentiadst, orglkrdidyentmetizgdcrylate and
repr.esent . a non-net al I{éc rmnovill ent, atom.such as

halSert ST VA HYRF ogbie af6hY 1aMS88Er P80 o partficular the
un%&tiwﬁ%gﬁ%ﬁﬁi, OLRMRL , SUsn@pl aanal ldxyar @6¥ylamides

group, a - ~group in which R5 represents a

hy @hehnat ¥ oicakanl IAthagadgmisdest- ctheargyancacrylates,
r \Y - L Lrigle nyl 1

D B st b i nstnath R end Pl fervlates
(1 Idndar erinmepdmsidrgllaareschoske f tetrahecgydapes and tetra-
constituted by vinyl @ acetate, acrylonifrile .

e MIRIAAIIAT8S o SHR M CHAIRTHAGEA & pntacTythritol),
netfaaiefat e, alat vyl 188t haggapiata® i+ ProR¥drachloro-styrene,
nmet hacryl ate, hydroxyet hyl nethacrylate, 29

hy drenSafilommo TR YRRIS at e N-gliyoildyl BErRadi¢Pace andé-vinyl
heji.r..derjvatives. th r m a ' ftsi ar

1P SR Vot L AU i 200l R Macryiont
acryy ammdehacand oyl par diculiaylienkecey| atDiB, thend more

cyanoacrylates, 5 the di-acryl ates, and
di FRASTELW at kRS t KTl - S4Q9FSnblnkipg agents Dbased on

trigdRINAC Y @Rt dStdf a4 Aldsr Angk 1484 a-

methacryl ates (suchas tetranethacryl ate
pent aer Wdadndilng tet yaempegific s efdpddimentes, the monomers

12N 5B VGRG0 AP S S MR cnse e
t hesoniunlle hioh i 88¢, pa6p¥ke¥bn in the solvent considered, are
gsoluble only to a certain proportion in the solvent, i.e.

the value of their solubility in said solvent i1s finite.

The monomers that can be used in accordance with the

20 method of the invention can thus be chogen from the
compounds of which the solubility in the solvent is
finite, and more specifically less than 0.1 M, more
preferably between 5.10°% and 10°° M. Among such monomers,

it is possible, for example, to cite butyl methacrylate

25 and methyl methacrylate of which the seclubility in water,
measured under normal conditions of temperature and
pressure, 1is respectively around 2.5.10° and 4.107% M.
According to the invention, and unless otherwise

indicated, the normal conditions of temperature and

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

a pressure of 1.10° Pa.




or met hacryl oyl, di-vinylbenzene (DVB), and nore

generally the vinyl cross-1linking agents based on

acrylate, nethacrylate and their derivatives.

According to a specific enbodi ggnt, the nononers 15

used are those that, unlike the& conponents that are

sol uble in any proportion in the sol vent considered,

are soluble only to a certain proportion in the

sol vent The. einveheioal welag appiliesol i 13 t pirtugs dof two,
solvent is_finite. The nononers t n S [

ac éﬁhcefﬂf¥hc¥%emaﬁgneqﬁﬂ?%ﬁﬁtgggﬁﬁgen |5ﬁ ggﬁ'honomers
t hge ghe ighkesembdueom t he conmpounds of which the

solubility in the solvent is finite, and norge

speci f i &l PR HaPTYIWMizARe MAmansth P ddhettution
52 %%'fblxgéﬂ%ﬁd%iﬁ@ntﬁ%sﬂﬁg ERBRIBkentehl iThis amount can

poSSI or exanpl e, cite butyl nethacrylate 25
anderstiadt ewet tizam ytla¢ esolubhilthyt b $hleubidrianexn ronsidered

wat.er, . nmeasur.ed under nqrmal_ ¢condifions .o
ter?ﬁ’ertg’teurrfaﬁﬁorbrségsvlﬁ;gc, $4 G e %t?a(/%l%/é'ar%%]:r]dexample’ 18
2. %1043 ardpdelOtReM sofcbendrny b6 tBgidnveshomar in the
and unl ess otherwise indicated, the normal conditions

of scdm¥dicat ur @tanda 30 Preasur ESREPR LSS ErespBRBSEBLLY  Toom
l&rergé%{ﬁaetfé{t%r(g ﬁ?c A QR RSN §£0frhle 1082BR 1080 Under
he T nvention a th

So applies™to a m xture of two, ree,
f owheme norendiotioores s chbsensf r advahsageowser $©  use means

descri bed above. The amount .of po ri zabl.e nonoper ,
A T, Bone) PRRIRD o) B0 Byrpher ierecules in

eXRafd RIMMET o N SudHRNta CAlf Rec it aderul thedsdred .
solubility of the nononer considered in the reaction

sol vent Wisad, thmdsebyene, isoprekafpl @ccpgding &9 (3 ngRecific
I
t hesefmeraitirdhed tie neeotévrhasmesolubility of less than
5.102 M, A precise description of the surfactants that

can be used in the context of the invention is provided

in patent applications FR 06 01804 and FR 06 08345 and in

20 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

25 allow for the formaticn of the organic film. The minimum
amount of surfactant(s) can easily be determined by
sampling solutions with identical compositions but
variable surfactant concentrations. In general, the
surfactant concentration is such that the critical

30 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




these conditions, it is advantageous to use neans

allowing for the dispersion of the nononer nol ecul es

in the solution, such as a surfactant or ultrasound.

When the solvent is protic, acg rding to a specific

15 enbodi nent of the invention; it is reconmmended to

add a surfactant when the nononer has a solubility of

less than 5.10-2 M A precise description of the
surtﬂ'l@ctants that ewmvmbe usdY | ReaRurébat exer H1cehdensions.

entlo |s PILOVi te tio

o1 4SRRI e B a85 raREaRE SRR LT B, between
et oals. mMCthi et &tind 20061, 1§>.ref'é4%b1!§>428)3twéenV\hd) ch mM and
person skilled in the art can refer

D Pravsht Lo i her S eAoahedac Pty tBF b At reRitcaRiFation
can 4 %dﬁ%ﬁi e rount of surfactant(s) necessary is
vari ab y.nust I'n particular be enough to 25 all ow
for theTher natsuorfacftarite or gars ¢ fMidlmcultes ni rfemprising a

surfactant(s),can, easil e de e :
sgaﬂ‘l &%&%t P8ﬁg W(lt ('.T‘%%}ﬁﬂs:alayncégnﬁo& élgzr)]éﬁgh?g portion
var(iflag)s Ui ithe GRS d RN NS hdth @anasalusddieaccording
sur fact ant concentrat| on is such that the critjcal 30 ,
rri&@llal?h%oné@ﬁ@flﬁf-ﬁ)@n (Ehe) il omns fthee cited 1in
ig&@l m cell es can thus take place. The CMC of
factaﬁ% can be determ ned by nethods known to a
person dKi | bedond ¢31 sutrfiacapnt sf oofexvahptle tiye hydrophilic

measuring surface tensio t he sur ant ..
coMrFtlrogil or® wi PFIBEI bR if\/eeﬁhgggg M 3;‘?& arséijﬁg al\l7lrE will

pr gfrsetilaniRet weeny . dighhangk anouns,15@urkbnie, sulfate,
recomended "surfactant concentration 5 is usually 10 _
mvnplms@mner ax apuifapecabnatel assesapirdi Mgt a counterion

| RQpt |I|cpot| a an +hydrophi,Li | 0Ly ;
(pﬁ im)n{l; %e]n éﬂ?&aci‘éﬁt sfﬁ}ﬁap’cfﬁ ggghggggﬁf monium
aCQaQchi g ﬁdtﬁdmuymeemommm,t hend oth@vaigatme beations such

cited i
as Nan', Li* and K*;

u

ii) ecationic surfactants of which the hydrophilic
portion is positively charged; they are preferably chosen

20 from the gquaternary ammoniums comprising at least one
aliphatic chain in C,-C;; associated with an anionic
counterion chosen in particular from the  boron
derivatives such as tetrafluoroborate or the halogenide
ions such as F, Br', I or Cl°;

25 iiji) zwitterionic 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-Cy; generally
substituted by a negatively charged function such as a

30 sulfate or a carboxylate and a positively charged

function such as an ammonium;




10 particular: i) anionic surfactants of which the
hydrophilic portion is negatively charged; the

surfactant will preferably be an alkyl or an aryl

sul fonate, sulfate, phosphate or sul f osucci nat e

associated with a counterion 13%such as an ammoni um

ion (NH4), a quaternary anmmoni um such as

tetrabutyl ammoni um and the al kaline cations such as

Na+, L|iVAndamphquswnﬁn|&Nﬂﬂa5¢@wﬁébtaMM§Qh Vi h qaepounds
hydr h|||c ortlon [ itively ch d;

o deeras BerBoas 9o AeAG (%% Afactr BAE SSTHGHS o the

COffidisind natwHieas tr e aatd [Plalded Chaigbd redipditis can have
associated with an anionic counterjon chosen in
paPt 2 e THeHRa Re B aTHAG AR 81§ ¢h sRecific example

teEﬁ?ﬁﬁﬁE?Q%ﬁﬁﬁEﬁ or the hal ogenide ions such as F-,

25 iii) zwitterionic surfactants,
whi ch amve needtadl @@mﬁgamagtﬁwﬂmgpfxmmmg)unthe surfactant

electric char es of 03|t y

or SRR oSt ARTAGIEL oSO RHE RATY ngvil BFRYEISY BY
Ch@idh - cdhaelyel? Of @iede! Gtha ¥ g&bb@&hgut@mdn/éenagawbudnpl an
charged function such as a 30 sulfate or, a carbo | ate
an@®®e3osian VeI §eEhar g8l iy sersadming 4if atoms such

\Y t
S Bt AP S S5 D Fsconiic

acmmmbnmbdu1dﬂubfruhhSﬂnﬁunqunQﬂsxtﬂheznqnxﬂqmg@;surfactant
t hese co ounds can ve tterlo c nature; am no

aciRIPGUWIAS JRscidgud %rﬁﬂ WSH fanily, v)

neUtraldﬂ&?&gafﬁﬁﬁféﬁeﬁnt@nbﬁh tdre soifest aave a plurality
properties, 1n particular hydrophilia, are provided by

norpfceragege s unct i onal groupi ngs such as an al cohol,

Mﬂgteeth%. gglgﬁigrSQQfggtgHEge'f%”ﬁé'@b?gexample possible

roat I’TB SucC
to use tetraethylammonium paratoluenesulfonate, sodium

dodecylsulfate, sodium palmitate, sodium stearate, sodium
myristate, sodium di(2-ethylhexyl) sulfosuccinate, methyl
benzene sulfonate and ethyl benzene sulfonate.

20 As cationic surfactants, it is possible for example
to use tetrabutylammonium chloride, tetradecylammonium
chloride, tetradecyltrimethyl ammonium bromide (TTAB),
alkylpyridinium halogenides carrying an aliphatic chain
and alkylammonium halogenides.

25 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

30 alkylamidopropylbetaine or laurylhydroxysulfobetaine.

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

polyethers such as polyethoxylated surfactants such as,




10 as nitrogen or oxygen; due to the | ow hydrophilic
contribution of these functions, the non-ionic

surfactant conpounds are usually pol yfunctional.

Charged surfactants can of course have a plurality of
charges. 15 As anionic surfactddts, it is for exanpl e
possible to use tetraethyl anmoni um

par at ol uenesul fonate, sodi um dodecyl sul fate, sodi um

palfirizt aexamgdedi, unpsilgataydenegdiyaml njausiyatehesodi BOE23 or
di (2-.ethyl hexyl) sul fosuccinate, nmethyl benzene

sulFdnat® ARd: ePRYVOBENIEHE Lagtpakst deriyess fxan ggars) in

sufr, . i fq.] 0SS 0 0. use
USRS IUSA A RATLE, LS Shnie slucose

chlhexagmte.et radecyl tri net hyl ammoni um brom de (TTAB)

al kyl pyr.i di ni um hal ogepi des_carryi ng an ali phatic

chain gﬁ'&’n& ky P& t %%‘Poggé’rﬁ@égfa% Agccording to the
ZWHrhRIN AR, SW fRCESibld i PSS e 4P 48k surfactants
sodi um N, N- di net hyl dodecyl ammoni unbut anat e, sodi um
di ey | ¥8dsalifanadEsum guapanaacy arsdmdreiumg nendcinn-ionic
As [ actants,. it i ossible to use
i SRR, Bt B By AR such as 30
al kyl amadepradyigb elaiamttled ambddivdmx ysuldigbetiditcion, it
As non-ioni ¢_surfactants, it is possible to use

10hoPyet hBPSSdbdR astpol yBERoxyVAEEASQURfact bRt s REfRMOte  the

as go3dbihQrlz 8% ! e gl ycol 4l et hey. ;
(P&ZS rf)Lr Zgﬁﬁ%}()r?%%?l,eypﬁa%{%ﬁg?(s%flggt a(j'lér{l-{ﬁs,ﬁll dé‘r F‘Cg/les srsion
f r siresu dres )manemezarig ciheelghbleose shkyhmatidamsU@®h a@sami et

for_.ex | e gl ucos exanate. 5 Anong the preferred

su?f]'ac gtﬁx[gg\ug c%r’di%r?g? ' %@’rqsﬁ\}enti on, it is

possi bl ackerding thecan @M SWrAGIARNE Sysedfited, the
sul fonat es, quaternary ammoni uns and non-ionic

15supPadndis s wh Bhe pBppengst Rppeses. not to be an ocbstacle

to the method owing to the use of technical means, such

Ut

as vigorous agitation, which can be induced by ultrasound,
which allow for the formation of a dispersion and/or an
emulsion, for the 1liquid monomer(s). In the case of
20 polymerizable monomer(s) not having an affinity for the
solvent used, such as non-water soluble monomers, it is
therefore advantageous for the scolution to be in the form
of an emulsion or a dispersion., It is also possible to
gwitch from one family of solvent to the other and to
25 consequently adapt the initiator.

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 wmonomers is

30 dispersed or emulsified in the presence of at least one

surfactant, or by ultrasound, before its mixture with the




u,

Accordi ng to anot her enbodi nent of the invention, it

10 is possible to use ultrasound to pronote the

sol ubilization of the nmonomer or to forma dispersion

when the nononer is insoluble in the nedium[R Asami

et al. Langmuir B, 2006, in p?éss] According to the

provi si ons presented, the 15 solubility of the

nononer appears not to be an obstacle to the nethod
owiligiuia terd utsieornfinalottingnlatelesst sereh past G gosbosnt and
gltatlon whi ch be induced by ultrasound, which
aIIow%ﬁﬁsﬁlﬂ?%(ﬁéhﬁ%%ﬂP(ﬁrﬁp%ﬁsper3|on and/ or an

emul si oirhef @fetiHifl liiglWehd ®NORE Dy ied uithafdSe Qdntle and
20 pol ymeri zabl e nononer (s) not haV|ng an affinity for
e

t h@oTsSlapdiuidae eandiitakormreilier Sorubhe sywdmses of the
j t er ef dy, a S for h td to_he

1 S e ol BT ATUHY SHEDHS S10Ted 1B UMW | Do ror the
al sergoesi Bt anaymbbclmsﬁaﬁommms f aht | ysotlesdrabie ttw work

the ther and_to, 25 consequent adapt the initiator.
éiteFﬂE?FEeonﬁaerEuﬁgﬁl h?n qﬁ cHORPEY pr BPPE Dot

SOH%Q%&&oﬂdE% m@ﬁ“&ﬂdfﬂ%ﬁﬂ(ﬂﬂﬂbtﬂéﬂﬂéfﬁddﬁgﬂBf(ﬁhe reaction
includes a prelimnary step in which the polynerizable
rmﬁ@ﬁ?elru r ishelinktede oy ﬁmq/rrmeuaz:é:bb@ nepdwens, i swebch is

sufrtg“ ?;H_J 11‘%% R Qﬁﬁsqgncfeor%( atpylLastetnod  is

uItrasoun eforeits n1xture
W' tcté.rtrll%dg"'oult' QHégwéthtd)orhﬂd"Cll%%g &hq e@éﬁe?&‘ﬂy under
protic solvent and at |east one adhesion priner.
rretnhmlj\alls gendiglibpscapfi eteoperahdee gand| @mwbure (NTP) ,
-destructive conditions either for the surface_o

th epending OTh PRRFS Fhe 9T M s Pk 3 AT o?5°C at a
f or the FRnEeh dhala MRwhe used. Thus, it is

deS|rabIe to work under condltlons in which the

15npnoner Theesreectidet etiimeat ean| nbaddrdjwsted he Indeed, the

te %5% %@%éﬁ gigié(¥§%quf exposure of the surface of the

solid support to the solution makes it possible to vary
the thickness of the film that is obtained. It i1s of

course possible for the same type of surface to precisely

20 calibrate the process conditions that the user considers

tc 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,

25 possible to obtain films of which the thickness is

30

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,




mediumis limted by the reaction solvent, which is 10
preferably preserved in liquid form The nethod is

carried out between 0 and 100C and general Iy under

normal conditions of tenperature and pressure (NTP),

dependi ng on where the user is, "often at around 25C at

a pressure of around 1 atm 15 The reaction tine can

be adjusted. Indeed, the adjustnment of the tine of

expeur Beghofdheaeepiding ot ot hdhe sdnivénsdpporcano imgdude the

sol gt J [.t. POSSI to vary the thickness of
theﬂ%%%%f%%ﬁsobtéaﬁ%%%v?g i(gf'of course possible

for the esdamaddipey ofatsurfesnse: t o eansebye20 €&l | Hr ag@lution
the process conditions that the user considers  to be

optI ARG afthl YHEStedRe AbESiEY PRITRE ddfdmpieas from
el QW Blfortifid i Cih af hy ﬁﬁ:‘é%@?lﬁg hse{ %@e_tl%rggml&ge dMvent and

particul ar the thickness o its conposition

an®pt imgialdit &Y yleaste oremctioni¢areinitiatser f or

exanpl e,..25 possi bl e. to ohtai.n fil of ich the

thi cknedd TRTEE R ErE2 St i edicHigobf (@) under
I eandr -Gl dd B dienviaral dsideeiors alll hind NEbEeSthé Of oBmation
di azoni um ;salt concentration_of 5.10-2 or, a ,
morftdnera2gdRednt Rk bhe®f PageR MPENCERE di igA sRrimer and

1.0° ORI M AL} ‘Hécﬁgd %riloc't?? Mkhéﬁda[l ol A J&spative, and
when taking advantage of the Ppresence of a nononer
di fferent) f pdmcting athesi surfpaceergf 3%ha heoddtthodupport in

according to . .the invention can include the follow ng
q:ac(‘gché'flsttl} 9o t%i‘#g R ed¥t" one nononer

to a solmy iHNsecoNBaBNIRETAL iVRAHE OPRe afBeHLAN JHdIWIing to
different from 5 said nononer in the presence of at

| eddie givediiaht il lajpieoman yinglydasthenkollowing steps,
15ﬂu€8ﬁ§¥SéJHijé?§”’ b) placing the solution obtained
in step (5) nder non-el ectrocheni cal conditions
al | ow ng’flor plheihgr nelté omurface of the solid support in
contact with a solution containing at least one adhesion
primer 1in the presence of at least one solvent, and
possibly at least one chemical initiator and at least one
20 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

25 possibly based on the chemical initiator,

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

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

30 cases:
i. the monomers are not present in the solution of

step {(a‘’) and are added only in step (c¢’). This case is




of radical entities based on the adhesion prinmer and

10 possibly based on the chem cal initiator, c)

pl aci ng the surface of the solid support in contact

with the solution of step (b). gn a second alternative

of the nethod according to the invention, the latter

can include the foll ow ng steps 15 conS|sting of :

a') placing the surface of the solid support in
copratticnilarly saldudrdmgenusi rivlmen at theastmoppmer used is

adhe n presence of ast one
SoREaRtIvely Thetmuby S T e R RIaH TR, (1 daveous
angcafutlieast wHwn ZReMaReRer N9 pbAcwAgetheosubiacand the
of the solid support in  contact with the solution of

st éﬁlheﬁlpnumm%nlsa%mwm %alteoﬁ‘émﬁron%n step (c’),
aII f f tyi Eggﬁ

on t Og%%n%& ?Jﬁég%tddygi %5‘5 poss rgadsed‘?gj flar in
chaﬂ:necalsamatlmbvent ) aposgihalty adsdadlg wh | eésp orl@’) and

NN e TR QBT O o L L

I s pRORIRIE PreAdis3dd e sikey fu‘?.'ﬂr%.\@dﬂﬁld Rre@urdd RSASs .
the nononers are not present in the solution of

st ep (aiy. aﬁ@eaﬂ@n@d@é’@ Giley presemdp ire bhe ERlgtdeye of step
|s Vv g s nt qqmgr

rél z%t | veth‘yk/g [ nso &g &gé\%dgﬁgﬁ h%?l cu:gg:ﬁgo B case
aqu@@laessdjmtpmmum th‘hEriTﬂJ’hﬁ‘rq:rerEer is a dlazonlum salt
non-wat er - sol ubI e and the adhesion

di &6hi SR S0 BONPREE opS(c MRS §g§%ﬁomerﬂlean method

be ,24dedity the $ALUHORY NaPEELh&U #E kBn (IBSaPR used in
solvent asthat used in step (a') and advantageously

i ntitis fcs@.of an enul sion or a di spersion

(4]

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

As explained above, the adhesion primer can be

20 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

25 film is to be formed, in particular by brushing and/or
polishing; an additional wultrasound treatment with an
organic solvent such as ethanol, acetone or
dimethylformamide (DMF) is even recommended.

According to specific provisions, it is possible to

30 produce, using the method of this invention, organic

films essentially of the statistical or sequential

polymer type.




produced previously using ultrasound or surfactants.
ii. the nononers are present in the solution of step
10 (a') and the nethod does not have a step (c¢'). This
case applies in particular when the prinmer is a
di azonium salt and when the mBRoner is water-sol ubl e.
The method according to the first alternative can
al so be used in this case. 15 iii. one portion of the
nmononer §9 spprEsent ai redchentsidllut £bhmof ist ei)s(au)ffaﬁ:dent to
angt her _portion.of t noners of_ the sa
i BRSEETE T i AESSHUBERORPS P & YR GE Ag Fifst’ polymer
expiraitied saheFgcet Be adhesiian NippeFt Caphbf t&0re-start ‘the
introduced either to the solution(s) as is, or
pr EFBEEdMEmE st iohanedngol (heon.typee mft hddie monomer  in
ac to i Sl i 9 n en, C

%QI F?%ghalfthp,q%ﬁﬂ%r 0° ﬁ%@ Eggf%égrgflf r%duce a
CIG&MEmyadﬁaﬂﬂhiaoﬁ hmgMﬂqﬂaHﬂuy(HﬁﬁgmﬁEZSail|muring each

%orned in particular by brushing and/or

B, sHf SRRA T OnSE RSy ASBEN RIS BLHIER a1l be
Or@@ﬁlf%eﬁmdfﬁrﬂhes%?e?c@t@@nﬂ:s aeatape 2hd will allow for
di met hyl f ormam de (DMF) is even recomrended. Accordi ng
otéls!ecglfmétfpr ofi ﬁ ofislmi basedhossi the tr@n@me:prouucr@nomers

10, BRER, Vb e s hPaoiloB e Bihziof b rateing

tyBEqu&ﬁceEQ ﬂmem%Whﬁtfﬁ@m¢np©@élﬁléntolberiorm a cleaning
sufficient tq prepare, as descri bed above, a |ayer of

a Pir SPepsMykere oRteHEeSurface of a solid support,

then torgeesdaih Eh%ta%ﬁg%rbgﬂnE g D¥Ie it is
of the nonomer 1n 5 solution. it hus possible to
|t§u£@fn¢ebyltprbdua§@ mehpwenrst eofu |dnfifferrdrgh gypkst yin the

15(f 1%%) f%”'n ggccomp051t10n of the film is, in this

U1

cage, 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

20 copeolymeric, from a plurality of monomeric wunits of

identical or different chemical species and/or adhesion

primer molecules. The films obtained by the method of

this invention are Tessentially” of the polymer type

insofar as the film also incorporates species resulting

25 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.

30 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




of the successive steps, the adhesion priner will be

grafted on the surface at its contact and wll all ow

for the growh of a filmbased on the nononer or

nononers 10 present in the solgéion. Bet ween each of

the grafting sequences, it is“éntirely possible to
performa cleaning of the surface obtained. To obtain

a statistical copolyner (figure 7b), it is sufficient

t o Rig@etonoAbds Wie dpﬂ:fnetrentunily@eanaﬂ thdiffBrently derived

O@wﬁnpggtmggx§¥%ﬁﬁ.COE?OS' 4%§%?%#¥5f||r3§5§Wé£L

thi's Cca ased

nmononer Thepr ehdeknese ofgaghe fELMm obtai&gdy to estimate
according to the nethods described above are thus

esSEFATEING et yhBei Beshod2eicopi gniRventipem as explained
sPl Wil y @y MoRefe éJ/fgr i dhéa?émégs%' Caly Lol f;ﬁgr%%tsis of

chem cal species an sion prifer nolecu
Th@aﬁﬂrnfobhaime@gbmﬂﬂuns&dhod plersilnl sskilMesd i dbn the art
are nsofar as_t

|| f th
fil ﬂﬁ% senut Iﬁ%‘@f’%&ﬁgt e g%"f"-é F‘%e‘?'%ﬁwnqum;pﬁe opt imum

ad h@ﬁmmwsmroza%traqtm@@ ¥ (8 IO RRNS a L SH M ckrfdks .
organic_filmin the context of this invention is in

paffi cal&P 991w piteparederr ofe attHeasxappdesypshoging the
po no ar a |caIIy
10 ﬁ.}%l%hté.g% ‘,aHB dﬁ'@r{no? eas%tL'fH él'}/a{ gt %%ss:l.ble . for

one type o adhgsi
prlewcampliéo The oppgaducef ifidms dice eGhdbBxXtthé tthbckness is
!n ention advan ?lously has a pononer unit sequence

MERTY REVeFPrs DARTTE Hed S st iS9YSE@ Joyhupdred nanometers.

de” Vat e abthbe adhkesiiera38nhde Miso ?r{é%etsh%.totﬂ&%r81ble to
units are indifferently derived from adhesion priners

an@bpeipmsupraite mpnpelsinghfuntt tknasisablehdiflinsm These
15 SRR ST o P 18, Sl e,
pach&m&ea& gabtipen capablasio¥ dleacting 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
20 group (CFG) throughout the remainder of this document.
Such groups generally correspond to groups comprising at
least one covalent bond between a heteroatom and another
element corresponding to a carbon, a hydrogen or another
heteroatom. The heterocatom(s) are generally chosen from N,
25 0O, 8, Cl, Br and Si. A person sgkilled in the art can in
particular consult the international application WO
2004/005410, which described a method involving the
modification of the chemical functions of the films and
which can easily be applied to the method of this

30 invention. |
A functionalisable £film can thus comprise a CFG,

which can in particular be chosen from the hydroxyl,




1

each of the reagents used, a person skilled in the art

Wi Il be capable of iteratively determ ning the optinum
conditions for obtaining a filmof variable thickness.

It is also useful to refer to Bhe exanpl es show ng

the 10 invention and demonstrati rng that it is

possi ble, for exanple, to produce filnms of which the

thi ckness is between several nanonmeters and severa

hurtdvierl nanemdters. dbexidehod amscidise) abeménal, so nitrile,

makes it ssible .to_ _aobtain sy orts_conpris

o R ! ¢ ave R R o P EE Oy pPRAPRy oBPiegpBhde =nd
t o ddduEnyavinget Doné hesucﬁua%a%rbawn&alacgfw Psaldehydes,
capabl e of reacting wth another chem cal roup,

t ypreense o gt dehdtogaeides m epbersr Atidofctive esters, and

5glef| ncﬁ{qt on V\A%{%%%gaﬁm}g?ea Agh}%tm cal r?ﬁﬁg?idloﬂgl itga: |h|of1

20 gr ouprg GEG)extaupley ot f uret Yol sk leoffilns derived from
docunent.. Sucg grou S generally orrespond %ﬂtgrou%s .
coffpr FSitH§tat 2PBEst “Bhe BV alBnt® 5ot

hetﬁﬂﬂ@mand FoEE 18T e e&@ﬁ&f&t@oriwpwﬂlm@ t@eBfived from
carbon, a hydrogen or another heteroatom The
het@?ﬂ@lﬁws}nartéu@er@%ﬁalsiléﬁ@!;léﬁmﬁnorﬁwsezg:@ &n table 1

Ied in the art can in
paﬁ%lcular conf%#%%iggéﬁﬁtrnatlonal appl i cation WD
2004/ 005410, which describes a nmethod involving the
nodi fication of the chem cal functions of the filns
and which can easily be applied to the nethod of this
30 invention. A functionalisable filmcan thus
conprise a CFG which can in particular be chosen
fromthe hydroxyl, 39 thiol, azide, epoxide,
azyridine, amne, nitrile, 1isocyanate, thiocyanate,
nitro, am de, hal ogenide and carbonyl functions, such
as carboxylic acids, aldehydes, ketones, acid
hal ogeni des, esters and active esters, and

in



5 anong the al kenes or the al kynes. As an exanpl e of
functionalisable filns derived from a priner alone
such as a diazoniumsalt, it is in particular
possible to cite the films deri ed from prinmers, in
this case di azoni umns, presentea intable 1 10 with
their associated CFG 40 Possible Prinmer capable of
bei ng used functionalisable group Am ne or nitrogen
4- nltrophenyldlazonlun1 functlon (capable

janopheny ' "u,ﬁ
Nf d OnBEid hbd se
etraf l.uor oborate. .
benzoyEE@Hﬁénem

Of—l-

Lﬂra; : B
A %ﬁ%%dﬁyﬁMUWr“‘““
9 10 dlhyorgﬂ ﬁhnréGEnedlazonlum
1Eoncdeoncamb@nwlec aci d 4- catrboxrgphenyddonabai udr
§$|vat|ves tetriaf | uorobor a

BT ot B0 YA CRTGYY HEss 20BN T FabFBhbraTeooTates

1phenyicghige aci d | t et raf 4 ugi ebohapetr hial €868iazonium
1bronmophenyl di azonijum tetrafl uoroborate, 2-nethyl-4-

|| or RFREYFPEYoni um chl ori de Tabrefiughebesatef a
inctionalisable filmderived froma priner and a

pnoner allows for great latitude in the 5 choice of
Inct makalileabing groups. On 4 kieenzeylbhadzenédiszonium

=
D
3,

-0 -h-hU&JOU)I\).b"".h
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alcohol tetrafluoroborate, 2-methyl-4-[(2-
methylphenyl)diazenyl]benzenediazonium
sulfate, 9,10-dioxo-9,10-dihydro-1-

anthracenediazonium chloride

Carboxylic acid 4 -carboxyphenyldiazonium
and derivatives tetraflucrcborate, 4-
(ester, acid benzoylbenzenediazonium
chlorides) tetrafluorcborate, 4-phenylacetic acid
tetrafluoroborate
Halogen 4 -bromophenyldiazonium

tetrafluoroborate, 2-methyl-4-

chlorophenyldiazonium chloride

Table 1
The use of a functionalisable film derived £from a
primer and a monomer allows for great latitude in the
5 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




possi bl e to consider CFG groups -carried by the primer
as described above. On the other hand, it is in
particul ar possible to use filns prepared from vinyl
nononmers so as 41 to obtain OEE or nore groups
associated wth them and as own in table 2.

Possi bl e functi onal i sabl e Mononer capabl e of bei ng
group used Ester vinyl acetate Nitrile
nettr@a@%naﬂm t9N¢ 0T NBPRG| IrAUPRaésplgiated: mith them and as

%&7 q.{ ﬂ(} yzl nmet hacryl ate, propyl
acrylate -acrylates and di-nethacrylates, tri-
acrylates and tri net hacryl ates, tetra- acrylates and

- » m:,m 3
nethacrylan1demlnylta¢¢tawmd

:'&m¢erhexyl

vyl At ac Car hoyvli il

but

am Cty AL ~J NAAT U\Jl\yl 1 \Z A" AR~ | ull
aci acry yﬂikﬁﬁﬁ tives chloﬁlTﬁﬁp %H%?r%%¢¥%esmethyl
Haljogen styrene and its derivativesndRMAEH HS, ethyl

methacrylate, butyl
methacrylate, propyl
methacrylate, di-acrylates
and di-methacrylates, tri-
acrylates and tri-
methacrylates, tetra-
acrylates and tetra-
methacrylates (such as
pentaerythritol

tetramethacrylate)

Nitrile and alcohol hydroxyethyl methacrylate,
hydroxypropyl methacrylate

Amide acrylamides and in
particular amino-ethyl,
propyl, butyl, pentyl and

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)




styrene, pentafluoro- styrene) 42 Double bonds Vinyl
cross-linking agents or cross-linking agents based on
acrylate, nmethacrylate, and their derivatives Table

2 A person skilled in the art ig capabl e of choosing

the type of film in particula? anmong the vinyl

mononer 5 filnms, to be used according to the CFGto

be integrated in the film present on the support. It

may be usefdulbbe bang@er son ski| Vedyilnctrbesaltinkang agents
consult the international appl|icati on WO %[0041}%‘]905410
Ingofar as a CFGis not directlly RRaiTHEHiE ng pgents
perison skilled in the art fromithe fphaeqgt bat abeishee,

is| capable of preparing, it is| of course possible to
modi fy the CFGs of the film by mstgishagr eb:r gt ebheir
sinple chem cal reactions. Thus, for e %ﬁ&%ﬁ"ﬂ
denived fromacrylic acid, whilch conprlses a

function as CFG 15 can be nuodidleek by a reaction with
thionyl chloride (SOCl2) to forma filmconprising

acid chlorides as CFG Simlarly, in the context of a

ni trobepzens ddd mpavi&ed an r&lhg %ufemfé' 88paB16FGt idhoosing
can be reduced by iron to vyiel I'm havi ng an

amtihe dyreFGE Afpémyaarrylpﬁwttmula:f [ arm::z@ tbepriigivlg monomer
nitril e gro g..as ,Ck s it possib for

it e T r P BB naRe SRR oL AT e ( GE Gt R po integrated
filif corpriSindrds it Neén ash&FGuppbrimy ke magefdd dsdful for
a person skllled in the art to refer to the

i nPeMPRSBharkilkinl i Eat Fop EE2604comspls. U Adntaggnational
£ 0 SfGHARNYH $RP 18 ofd \gFs 8lg ows for their

Insofar as a CFG 1is not directly available to a

()]

10 person skilled in the art from the £films that he/she is
capable of preparing, it is of course possible to modify
the CFGs of the film by means of one or more simple
chemical reactions. Thus, for example, a film derived
from acrylic acid, which comprises a CO;H function as CFG

15 can be modified by a reaction with thionyl chloride
{s0Cl;) to form a film comprising acid chlorides as CFG.
Similarly, in the context of a nitrobenzene film having 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 LiaAlH,, 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 functionalisabkle films allows for their
subsequent functionalisation. Thus, according to a

particular provision, the method for preparing an organic




subsequent functionalisation. Thus, according to a
particul ar provision, the nmethod for preparing an

organic 43 filmon a support, as descri bed above, can
conpri se an additional functiggalisation step, with

such a step being applicable rn particular to
functionalisable filnms. The functionalisation can be
produced by contacting 5 the surface of a film in
parfidilful et abtainRsrtby 2hedessribgdderichedcahogemprise an

whi Y ctd N I, particuylanly w.th a CFG. .
of the t%c{n%ri vsuﬁwpéal Og%éfltes.aﬁ%en %oerﬁ’ac%l%c%ns%ceh 8 Step being
perfpplieagbilie i eitilduimr acal [Rthckionalisable films.

"functi orglal i sation saqlution”, conprising _at |east one ,
10 gr af tReTHIMSE@IDR SR8 400 (FAr PR cBFRAULCSRe Iy frtacting

sat thiee sspEface & bheefigm iEUtpéféfc%féPum&iﬁé@ (by the

film according to the CFGs present, the thickness o
t heethio®t dadcrhbedol akone of wWietsolist | bunctifoabhgable and

th ' l_.react.i,ons t can_be nr.qduced..qn _ CEGs,
it%ﬁg&gb@gg%brll& t%l%l?t%,%r %€aﬁ€?e%lﬁﬂkl evbjp |?Cgraft. The

addionitens ardnsubet i petEepmede! RCEROPAI | §61@EhA ] ONSalled a
and _ substitutions, cycloaddition reactions,

r eaf MRS PERLd SatiOans eI MELERS anBoRBY ABhBFesat asleast one
1oneld-a3s nore generally 20 click-chem stry reactions
(Sharples et al., Angew. Chem Int. Ed., 2001, 40,

2004- 20The. r®Eeectige wililedot i partscudbdrcaakse place at the
dependent on th raft, that .the user wants t

vviFHr?ﬁlé:eCFg o%ht e il AY%er sti’zlk}ré’dqu'f?l{tiﬁgkthe film

ar aceatrdeagl oo fdHul, crdk geneséht Or 6ABI EneBRAESEN Wf2%he film
literature, conprehensive |lists of chem cal reactions
i nanghitég godrentadfbéhiene@lvddorthe sol vent of the

15:3)8'“” gﬂmgﬁgpq:h%i '&%e ead! el ctWds Qﬁi%fterc%g'! % dPbbduced on
g sofvent. "Such ‘a“solvent ~corresponds to-a
solwest, dapabs epobspbihet tat iciktd hefor example, nucleophilic
additions and substitutions, electrophilic additions and
substitutions, cycloaddition reactions, rearrangements,
transpositions and metatheses, as well as more generally
20 c¢lick-chemistry reactions (Sharples et al., Angew. Chem.
Int. Ed., 2001, 40, 2004-2021). The type of reaction is
of course dependent on the graft that the user wants to
link with the CFGs of the film. A person skilled in the
art can easily find, 1in general organic chemistry
25 literature, comprehensive lists of chemical reactions in
which a CFG can be invclved.

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
30 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,




30 organic filmpresent on the support. Such sol vents,

when they are placed in contact with the film

generally cause swelling of the filmthat can be seen

by optical neans, 44 by the naked eye, or by sinple

optical mcroscopy. A standar 8%t est to determine

whet her a solvent is particularly suitable for a film

consi sts of depositing a drop of solvent on the

suifyacghef ndteed i leyeandonbser vsmgp5evmmﬁtb1a]t haidropcopy. A

i s absorbe to, the fil 1S irable to use, .
amé% J éf P egbl v gég?ﬁﬁln?hoy wh ch Spgent  is
abwﬁﬂmaﬂy %ﬂt‘ﬁﬁ:ﬁl@tfoﬂ_ he fisEn Glorssitdts oSl iting a
Ieads to a deeper grafting of the graft in the film

TSR E selventien phef spybreef 6f tthe fddgerand 1gbserving
5U3%h e NeHLAGPN 4Q bSbESB:BQhe ﬁté“CBhQ SEHﬁ”t It is

e sense of the i nvent 1 on, corresponds
andaaymahiaxmmousd camahbeaﬁseeaoflBglwehhstmmsted those
ctio sahle filmand parti with a CFG
Ot MBI S SHRF O ITh ol afeotanthe T, Gappet such
of alfsdmgﬁ{u CLeB£Ctd €ai Beehar 3¥aftihgSo? #HURraft in the
capable of reacting with a CFG of the support film

Thé idimaf tOk apcesnpr i &, lisn aksp sprefeurbleafgroheofreagents
10 MEES e Boh L AUIN0 4O B I HE 1l P S

nor e properties o eres
optlonwﬂm/EhQOSénﬁklbg @hﬂﬂhﬁ&éﬁtﬁ@mreap@mﬂﬂu)dGKEESponds
structure essentially free of praoperties of intere

Th&© f BRct PHARNE Sat FIPTEd RSO uSty PERFSLREd Bivth the

nem&floﬁaheléaglmi%%&%dapafey@ufé{af?' §ih a CFG of the
reacting with the The graft, and especially

thé@ctl@mahquﬁu @ullalr Fhee graficl atamg st r acwuréype of
a bialo act.ive . structure., The @ _can th

1.:1 P& Eul ? %%o&é“ﬁ‘)ffra(?ma?heltcﬁ‘i‘%déxt‘-ﬁ%‘ép(Eﬁ?able of
Sugkzas iRy aHEOQRE e@fexiHd Bupport film.

The graft can comprise, in its structure, a group of

interest (GI) corresponding to a substructure having one

or more properties of interest, as well as optionally a

20 1linking group (LG) corresponding to a structure

essentially free of properties of interest. The

functionalisation is advantagecusly performed by means of

the LG, which has a group capable of reacting with the
CFG.

25 The graft, and especially the GI, can in particular

have a chelating structure, or a biologically active

gtructure. The GI can thus in particular be chosen from

the cyclodextrins (CD), such as peranhydrocyclodextrin
derivatives, calixarenes, such as calix[4]arene,
30 porphyrins, such as tetrakis (benzoeoic acid) -
4,4',4’’,4'"" - (Porphyrin-5,10,15,20-tetrayl), and their

derivatives that have chelation properties. The GI can




derivatives, calixarenes, such as calix[4]arene, 30

por phyrins, such as tetrakis (benzoic acid) -

4,4 . 4", 4 "' '-(Porphyrin-5,10,15,20-tetrayl), and

their derivatives that have chel ation properties. The

G can 45 also for exanple be*Thosen fromthe

pol ysacchari des and the pol ypeptides. The |inking

group (LG generally corresponds to a group that does
nottldeveferp exanpler bet idwastthefreomanhes paiasasichgarides and
steric, rophidic or hydrophobic nature or an

af%q%lggﬁﬁh Hé?%a, and that does not react
signifi cwet | yinkihgi gronwgt (etechabeyhlilt emrresponds to a
typically for exanple be essentially an aliphatic

ch@TPUR . Bhahn 9o yROEh&IST e IRRf BPabiffFeF %220 gREher than

5 YRR Iof 3 1 eb cLO HiRALRPh AL Ror 3, SFSHRED o Gl
or a heterocyclic chaln, sdbﬁ'aslaqgglyether. The Ll? or an
adedftiageous| yitbnprtilses Ghe @ndworéhabactdoas not react

het er oat.aQns pabl e .of . reactjn it G, As _shaown .
e TRIRA T + “PEbhodstbrlaByy e ke i carty
theoretdosmeiet be idnuriQmly Oafr eRdhatid i &Wain, i.e. an
conprising grafted nol ecul es and having _properties of

i ntaé-r]‘fé@*_t dihe Prefscabdy alsEBp@_r% : aS@ct’F_mjicﬁsl_ld/an-” to 16
10 .”d%&}‘btdn‘?‘ﬁ[@c!r?sc,ora{ﬁsm&ﬁa&gcCBﬁ%’i‘h' 95} & rfédetfc?%}&% chain,

films or to T11ms having bronolecules. It may be

usefudh faor @ ROlpetben. sfhel 8¢ aklviamt ageiousd yr efamprticces one

the international application W 20 005410 for . .
ex QipI WD TRBFELHF e SELREICAOMS &£ %I ] tEeGFgﬂPS with a

Acegidi ng to a specific functionalisation nodality,
it is possible to obtain supports coated with an .
or gani c As25s80Wpl ekiingthie | meabingd Bffoye it its is possible,

1ICSEAAAN AP LHNEHORHS BE Tl I ERIR! XNG Rpare
film comprising grafted molecules and having properties
of interest at the surface of a support. Such films can
in particular correspond to chelation or filtration films
or to films having biomolecules. It may be useful for a
20 perscon gkilled in the art to refer to the international
application WO 2004/005410 for examples of moleculeg that
it is possible to graft.
According to a specific functionalisation modality,
it is possible to obtain supports coated with an organic
25 complexing film. To do this, it 1is necessary to
functionalize the film with complexing or chelating
groups such as cyclodextrins, porphyrins and calixarenes.
According to another functionalisation modality, it
is possible to obtain supports ccoated with an ocrganic
30 film comprising biomolecules such as proteins,
polypeptides, peptides, antibodies and antibody fragments,
polysaccharides or oligonucleotides. The graft typically
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groups such as cycl odextrins, porphyrins and

cal i xarenes. According to another functionalisation
nodality, it is possible to obtain supports coated

with an organic 30 film conpri.sing bionol ecul es such

as proteins, polypeptides, péeptides, antibodies and

anti body fragnents, polysaccharides or

ol i gonucl eoti des. The graft typically 46 corresponds

t ceroespads veco ddtioratiiesul ef Fndomadiecudganpliaus, for
froma support having a film conprising : e
mﬁfﬁﬁﬁ %try%ﬁﬁptﬂqems%ﬁﬁ%ﬁ%ed Vlﬁ%ang(ﬁf%}m comprising
di pZORhetha gl SRl fBLIy) Obbtaihed iy i fe@nssidfl eat diazonium
graft a groteln 5 such as avidine and to verify_its ,
acnd rgthaesy YpRFLrsler hadtndSaPossdP iGe &Q i HRET @t RECtein
'%@éﬁa%léog@lidﬁ?feergnd/%o 29@3{1&9?5&%@; a1/ ¢V ekt ORding to
also relates to a non-electrically- conductive solid

supper hodaluhiek Aesongded inl bhes int@rpadfica@l gfatent WO

whj ¢ e fljrst unit covalently bound to said
no%qéh%£?${%élIy-conductive support is a derivative of

an adhgsi®nipieRRionTRE SWNrel geési ¢al |y aendatetyeically-
solid support according to this invention can

posendRGt hee e 91 iths RURBOHET | Plad WiHGTe. a5 9FRaRtgarfildm is
fi nt age Lpgl ILA; - addi L id
(iR ECHE SEAMELY, LAE BEESE bcPOBLh1BALY BOGnd to sai
el eoh réTat t yi cahiuetondusupper sugpoireidlsf aodexavative of an
adhesion priner, nononers of Lhe sane. pr difﬂgrqpx 1id
t yPRRBBHAY (R 1ite aﬁ&?he‘i‘o Yas e?%\’&?’f:%} ¥ edEH10HT, - altd SO
Posghbb¥r 2Qcaeklyal Ues ©hid henddhesban dad BYssiblis, have a
as explained above, the organic filmis essentially a
pohgakrafi fefinedrabgpecifically, it can be in the

form of _a_ se uenti.z%:l lel}ﬁrrer?&réﬁ?é?gugigti.s._-Lth_Cclq{ es in

copolyﬁ%?efil IHHE non- "€l ectri ¢ condlicti've soli d
sup@aitsont ke atfiesf rs®?5upitmevsadedtile bnshers the non-
asefgg{:?fga?]tfgygbngngtigleI %upport derived from an adhesion
primer, monomers of the same or different type bound to
one another by a &zradical reaction, and possibly
derivatives of the adhesion primer. Thus, as explained
above, the organic film is essentially a polymer film.
More specifically, it can be in the form of a sequential
polymer film or a statistical copolymer film. The non-
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 cbtain organic films comprising nano-
objects. In the sense of this invention, an organic film

comprising nanc-objects, such as nanoparticles (NPs),

nanocrystals (NCs) or nanotubes (NTs) , typically




10

15

20

25

30

support, according to the invention can al so conprise
grafts grafted as descri bed above. According to

anot her enbodi nent of the invention, it 1is possible

to obtain organic filns conpris}ng nano- 30 objects.

In the sense of this inventionm, an organic film

conpri si ng nano-objects, such as nanoparticles (NPs),
nanocrystals (NCs) or nanotubes (NTs), typically 47
corprepepdsdso ta f&l Midm tae Sinef et @k warki wiihibn which

nano- ob ctsté gg% re gresent Thi s enbodi ment can be
apﬂ??%d 688 P{ 255t BESSWER an organic film and

I n parttieus aemBodipRatt eaties applMith @ of ganppoftl Boated
covalently bound to its surface. It wll typically

a ‘S%ﬂéboﬁﬂ B Biln AREh4H RRrtdsidahed ﬁBBQ@rt ®coated
ThH 1a h%% A LTE o RS S 'ﬁbm&tt&%éé tQr@ace. It

epari ng an organi c il m conpri sing nano-

1Ownb1ecu3apimbldy ofvea aolasupmmtpordbt@aatee?d byt haamethod as

or ganlc fl|ﬂ% txgically obt ai ned by the nethod
eFEhLhedbab_Ye  characterized in that the surface of

the suppRht, | 8hibl agedainefontaetevpbhda suspapsienlar to a
at |east one nano- object (NB) in a susEenS|on sol vent

andethogéhdion hereppMings &Rd AHERYdhold jnechWJarlg nane-
ph e I i ni j )

DeSpASgeheRbate L bt 16 UEARY SaddiDluich an organic
geﬂﬁlmLIyypﬂdahuﬁ;dbuqmnﬁdsbgethermpthmmlﬁescrhhadlabove.

mand typically smaller than 25 nm _
paFP?'EﬁF Prpee nh’ﬁopéﬁaltr I Nﬁ}lrfacﬁan‘agr y%tf%l Spport  1s

(NG)ac8dN@ROWLHEaRE @iRANAt Hh8pelE) onobfaakanesgltudhe nano-
It 1s clear that the NBs concerned here wll

adobneagediB)y inhav suspsinal grese brentharnd hént Rheknégs film
of _the rganic LLm.p n ]

a9 SO NEPG-RPUREERBRYE R BlybiBaRHEReERL aszinicy.
exceedi A9 Réndsopfeetal (NBLO Sorresponds to an object of

nanometric size, generally with its largest size being

smaller than 1 pm and typically smaller than 25 nm. It
can in particular be a nanoparticle (NP), a nanocrystal
(NC), a nanowire or a nanotube (NT), or a nanocolumn. It
is clear that the NBs concerned here will advantageously
have a size smaller than the thickness of the organic
film present on the support, advantageously with their
largest dimension not exceeding 20 %, gemnerally 10 % 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 is thus possible to determine




25 typically 5 1 of the thickness of the organic film
There is a physico-chemcal affinity between the film
and the NBs when it is possible to correlate the

duration of contact between t S suspension and the

surface of the support with areduction in the NB 30
concentration in the solution, a plateau val ue

generally being reached, |ndependentI¥ of any

deiB forgamic t FELNBRALE S bélewees penselnthere; §St pasaffinity.

ble_to_determ ne 48 ga fLLm pa at
bgﬁ%enag\ﬁFEﬁgYheﬁg i §ez§1nelé84| ni t§ug Le) affl ni tymlrs rong

geivet éd ot foigs t ohaealie0e16pr Deg weient eﬂmctsmctmamf the NBs
devel op between the surface of the NBs ,and the

AR e TbbR- |$W%¥%0Fh%n§ea¥tlPEeﬁﬁggFBpg 51F01§| pgssible

Intgaréiggla{nhy éPQEEuFQPdSh &98§énboﬁgﬁds CoﬂBheﬁlnBonds,
b nds, i nteracti ons ac ing"), Van.

\mempbemﬂng hydmnphoplcﬂnnakathOQﬂuﬂAP@amﬁ%qﬁkpg”): Van .

CBALE! WBSIE)5oRIBTS W IE AANG, DBy | fol lERALBASC cype

Sp&ﬂéﬁ@?°§§h&s)10aﬁﬁﬁ95&h@ﬁ55ﬁbn§ Bdredd\Bsit sis possible to
variable. It is sinple _or npl ex. _A S|nEIe NB is

cophstet bhedcpyadentngpads n’éheFu GRN bPYEnS ONléanSON&Wa
10nanOMArfhgrSErEﬁgﬁggl%@1th@eﬁﬁétﬂgl%%%f&ﬁ¥gﬂfiﬂﬁls simple

having a Vvaria constitution In particular in the
case ofompNEk NOIk umiifrgrle y N@opid 16om$1twgh@@t k¥ sa single

I RHERFIA, RS 01 M h Nhe dodiertin 72 Sofeiefptum.

di ﬁéﬁ%?&heh&sgarbaﬁﬁleexéfm hewvingval veasisbléec Icastnstltutlon,
assenbl r'es”of nanonetric size having organic an

i nongarint istulast uiBs e I\P@,S@oﬁr i3 AP |¥1@%n¥a%1g?rrﬂﬂag doped
Coﬁﬁ%Pygggaglgle C ?hhggs &@E@k@pgN e%%&aﬁqY has wvarious

urah
nOBt@&b@Li&hllV%le, d‘ﬂBSpa(naIBIdSlfp’ahiChuthﬁ C@mlsulé;éon is

atcaggiﬁyogisgﬁ%%l E@ecgﬁﬂaE%xp%iéd%lparHE%%f%é artificial

assemblies of nanometric size Thaving organic and

inorganic structures or NPs comprising ligands or NPs

20 with multiple coatings. A complex NB can be constituted
by a plurality of simple NBs.

In a non-exhaustive manner, NBs can in particular
comprise at least one metal. The metals can in particular
be chosen from the noble metals and the transition metals

25 the metals of groups IIIA, IVA and VA of the periodic
table of elements, their alloys, the oxides and the
metallic carbides, mixtures of these materials and alloys.
They can also be doped, in particular by elements such as
nitrogen, boron and rare earth elements. More

30 specifically, the invention applies to gold, platinum,
palladium, rhodium, ruthenium, cobalt, nickel, silver,

copper, titanium oxide, iron oxide, and iron-platinum,




be chosen fromthe noble netals and the transition

netals, 25 the netals of groups IIlA |VA and VA of

the periodic table of elenents, their alloys, the

oxi des and the netallic carbides, m xtures of these
materials and alloys. They cdt al so be doped, in
particul ar by el enments such as nitrogen, boron and

rare earth elenents. Mdire 30 specifically, the

i n/eahi palbadiies goldeplatphami and) copalkapilatinum alloys.

r hadi u rut henium cobalt, nickel . silver, opper

{1 T8 Bpeoiie, 2 FBn B S SHA T bn SBLEL Y “GEE" elements
i rencpal hdi-um 1hokdiBl ahsayMaag ¢ebal bephatallic NBs.
alloys. The NBs can al so be constituted sol elé(i bg t he
el enentEheciNBal &80vealfa tGAMPLERD, & hBFNHFPRapggtor or an

Sggiﬁégégﬂggangﬁﬁa@%§ caf s S LQIDN | 8r8example, compounds

or~an "5 inorganic rtnsulator. This can
beotf of oBmal®| &B catpbunds befnd oarul elaBentt hof bdiigh the

| t of which, th i datj tate js +l|_ and .
CPRG SRR NG RRE T LanF A D B PRAPRORTS S TTAL - PF, which

Tth%aBngétkgncgeé%e ficomrvy, Tvacadly Bais/RhoSén from Mg,
Hg, Sn, Pb and m xtures of thesé 10 elenents, and B is
chasen SronBa, Fn.SefdTe Hmd 8nhxt Jesangf Migdages of these

el egents. Anon e sem condu Sy I L 184l i %t
10po§i§5‘ﬁ§ttgo &n%etE{]h]es scgﬂrﬁsc%rhdﬁ%: B3 o%'f%?r’mﬁ% BB W R Eres

C obeiviean &l&n@nts of Anbhgh thiee setitadnductstt e i is also

+111 and_ D beiC%% an el ement of which thg ,xQ.Xi da iogg with C

st BpEsiible) o T\ F PN CenIUCtebieft s FOMANS &5,

In L W f e3R8l ¥R hiRd R igtaae0sien +I1I and

frg%wq%,gr%fﬁ %&%ﬁg@xt " and M Xtures of these el enents.

The senimproductiement ¢Hrwhiah EEB2owidRtEoPeistgtsan is ~I1I.

el enent Qf which,the_oxi dation state._.is #l, bej. £
1500 TURRFEAYor i Eh RS0 AT oLt SFe 1 T 5371 T oS ©

B Rejad il fledirnt s0fa Wiigh dHisexifiaim an tatres, igpb, Bi and
-1, in which B and C are chosen as above,_ and E b%'engo 1
chosestunesmaty, thesearid SRent e HS STORIMRG B ¢ rmula

ECB, with E being an element of which the oxidation state
is +I, C being an element of which the oxidation state is
20 +III and B being an element of which the oxidation state
is -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
25 oxides and carbides, or insulators such as diamond. The

semiconductors can be in an intrinsic or doped form. The

NBg can also be constituted solely by the elements cited
above.

The NBs can also comprise an element of an organic

30 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



invention. Finally, it is of course possible to use

si npl er sem conductors such as Si or Ge, as well as

their 25 oxides and carbides, or insulators such as

di anond. The sem conductors %%p be in an intrinsic or
doped form The NBs can al so e constituted solely by

the elenments cited above. The NBs can al so conprise

an el ement of an organic 30 nature. In this case, and

f ogenenpl X NB@OHM@&;QﬁﬂhQQﬂl? mlﬁRﬂqkiﬂ%p%EF?FEural form

mol ecul ar edifice 2SS NLn also b
i §4Rts 3r o3 wpe B E‘?ﬂéf‘%’% ptte, Mg aiso Be
9866h§£hquBMOBMEélyab?onheneae&pacsfmensﬁpneduahbve
form such as_ a nanotube or a fullerene. The NBs can

al so beAceerdinguEedtssl éryehyiPhe @Panéﬁtgrﬁgﬁthng&ve the
ab8¥gfh’§§§gﬁgbﬁ}g EQeSctlﬁl'lF‘L‘t‘.?m'Q'E apRd hecorfiehded to use

gi ve user greater fléxibility, it i's
r efanuendadltigedse ndnmoriaeils zedAnarNﬁ obj&ct $aigd Ngto  be

coﬁ%PPgééoaﬁzléqun gl%géﬁééggrng an é%%mﬁﬁfﬁﬁ§ et more

"heggt hhlihg BRI e fiinithe £dr 4RI et ﬁhlhhe Wthh is the
support. In the case of a sinple NB, 10 BGl ¢ th le NB,
cofRdEp pAE B ta Fhhe AUIRMEE i oFR pFRE eRRSgt Ot ﬁe Sihple

SUbEacgansEﬁHFa EQ@S&EB&UEBtho%%emwgbqhf%h@tﬁkﬁﬁ%ﬁ%sent at

on~stlica partic Pes~8 as shown in the exanples
| nthehewrdseeqf suadoras exh&BYHBEIncaAobe , pwldeht agi¢ present

one of  the elenents or_on only one of th rt
ChenNs ik PR TS A ¥ Th $ReSRaE gf Bifp eiimples. In
CoORpll 4k SHabL! il e8| REENRE, Lhgamds mredwvi ngnaone of

coating, BGL can be present on a Elurallty of or%?nlc 4,
st&haleiﬁmﬁnﬁs(ﬂrt¢neQ%%Hl%@e af sERBi PRFEF ©Of an

C or gi go;g%??% i ‘{fh%?”éf%sém Lbecy eypboupptie an@e stab::. lizing

e core e nano-object and 207t
nHlellteQ'Ieﬁiﬁ:st e iNBirids tde hotimg dal coatlry, |$Gna;arbéoe present

useful in this field for e n skill i n r
toon a plurality of orgaﬁa té%lllzeréngr oﬁtgiéiéoatlng
A stabilizer corresponds to an organic molecule

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

20 that maintaing the NB in the colloidal state. It may be

useful in this field for a person skilled in the art to
refer to Roucoux et al., Chem. Rev. 2002, 102, 3757-3778.
Thus, according to a first possibility, a functionalized
nano-object typically has an inorganic core, or at least
25 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 is
30 possible to speak of an organic crown. According to a
second possibility, it is also possible to use a

functionalized NB comprising an organic coating. Such a




10

15

20

25

30

refer to Roucoux et al., Chem Rev. 2002, 102,

3757-3778. Thus, according to a first possibility, a
functionalized nano-object typically has an inorganic
core, or at least 25 its surfage is inorganic,

constituted by at |east one al and/or at |east one

sem conductor or an insulator as defined above, to

which at |east one stabilizer conprising an organic

grioaupe BRinakisednd¥B Asgor iinngard icui@murepbsfiined by the

stabilizi nol ecul es present. i.t isS .30 _possibl

SpEeinaf B OPEERFESBAORR. CAGRBAG g W & TG o face of a
posigppbtt t Y. dddcribetl SOapRYR bl gppligde o a NB, i.e.
functionalized NB conprising an_organic coating., Such ,
a SArregpRRdbrGl FRcHNRBCRER R P& GRS b obt:f negse. 1t

bysl?cpt?ld n?&é]o%oft%rd pEﬁg%Ei Ngn an. M OB Lad1idiN & tRGe great
surface of a support é4cribed above applied to a NB
i .ElexiloiIesponditly tehitle cohe twmebkodoafed. pbrnephking an

COSSapble >SS & DERICSHLAAL. ol £OMELAER! | 0 flocrivea

PrepeFd NG ber e ridd) Medle thersuef ase ehea SopPomiay be
as described above can be applied, the nature of the
covarheylee ket asliaplsot ANdi npPBP LY, c ARt ednoxg@nic and

in | ¢ apd. 1 ' uriper-detal | §5etll £
beg%g%gjuﬁ'tggrre% é’lgrtg]t%%l \?ﬁ]ea{%lasf's' bgégnﬁlags?:o%: bede as we Ire =r
astd hehexamplse bddratdesdtiiséd abe whdlapd itdet i examples that
various surfaces. The _organic filmwl|l be preg%red

1B@gt1 aces.

sotthastrateonphfse’dPR gRoup® 1%2¥yBPEal Py The

stapbhhZer $18mewehaseR I BT i ther Bl eehbesses a BG
such™as surfactants or pol yoxani ons, polyners such as

PVPréwpl yvi nyl pyrol ydone), PEG (pol yethylene glycol),
B EL el S Gk EE Bk £ 450 nionsic
soglbugrates alsecnargk f bnakhytahesi ecal pobyokamtons, polymers
Ilggggs as PVP (polyvinylpyrolydone}, PEG (polyethylene
glycol), charged low-molecular-weight molecules, in
general less than 200 g.mol™?, such as sodium citrate or
sodium acetate, and finally chemical coordination ligands
such as Lewis bases such as BINAP derivatives (2,2'-
bis (diphenylphosphino)-1,1'-binaphthyl) .
The stabilizers 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 composgition,

are in particular ligands of formula (III):

BG, - (SG)p - Y

in which:




such as Lewi s bases such as BI NAP derivatives (2,2'-
bi s(di phenyl phosphi no) -1, 1' - bi napht hyl ). The
stabilizers that can be used in the context of the
invention for the functionalized NBs conprising a 25
core conposed of a nmetal and/ or a sem conduct or and/ or
an insulator, or of which the surface has such a
conposition, are in particular |ligands of formula
(111): BGL -Y(SQgresents0 am \@iah: B2 ay g@eserfs atoms
an_atom or group.of atons c e Lphding :
mef&P2 ﬁ/d$5a£§gﬁﬁ8§hd%%t6% ﬁ%g%%ou%%dg%%/5$ g%ﬁléonductor
in§8x|n?bﬁfxd Sy epr eaenhsudaspacer group; 5 - BGL is
as defined above; p is equal to O or 1. According to
the inventi ofG ¥eRFEFPeRES cRoSRACCRCEEPYPAg to the core
of the NB th ¥ | g o ext of the nmethod
Y can bind c%é/]allzsnﬁ%e,chéb{/h%%@cabnpl exi ng, by chel ati on,
or by electrpsiatequahtbpattPvnl.at the surface of the

core. It may be useful, .in ord 0. detgrm th h
structuﬁﬁcﬁﬁg?nguiggbl&q%N %9é§qifo%bns?dg$gg} f%ﬁ a O
peLseRrakihbl &b i Rhehecaré toF reher XB thhe pid omssdt in the
and in parficular Colloids and Colloid 15 Assenbhie 1 b
Fr gektextusef( E¢:he metghpdpecy 2088, WP8y- cpgalent-y. oY
Vei nheibm or Te athorC orMRl iR AstBtic interaction
1°quP§§?e§F“§V,%@Lﬁ%@§€§%98rofgbted Cluster Ml ecul es.
Acar tGeemurRese 2F0Ghe3cr®)., Ix7magebeyusafuly in order to
particular be a thiol, a dithiol, a 20. NB
cafBsErHISat &% t AFPREFBEfat &osfant%%lttea}blv%enf?ﬁe the
co%%Psi eﬁkﬁﬁ stiyf agep@bsbhe skaleedcdnt esponastt aoarefer to
metal suc

the prior art and in particular Colloids and Colloid

15 Assemblies, Frank Caruso (Ed.), 1. Ed. Dec. 2003, Wiley-
VCH, Weinheim or Templeton, A. C.: Wuelfing, W. P.;

Murray, R. W., Monolayer—Protected Cluster Molecules. AccC.

Chem. Res. 2000, 33 (1), 27 -36.
Y can in particular ke a thiol, a dithiocl, a
20 carbodithioate, dithiocarbamate, xanthate, when the core,
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,
ZnoO, PbSe, PbS, CuInS,;, CulnSe; Or cu{In,Ga)Se;. In the
25 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
30 can be in deprotonated form, as described in the pricr
art and in particular in the international application

WO 2004/097871.




as gold, silver, copper, platinum palladiumor when
it corresponds to an AB sem conductor such as CdSe,
CdTe, 2ZnO PbSe, PbS, CulnS2, CulnSe2 or
Cu(ln,G)Se2. In the 25 case %f cores conposed of

oxi des, such as titanium zirconium alunm numor iron

oxi de, or when the surface of the core has such a
conposition, Y can in particular correspond to a
car boxyA¢oordinar boxyhec, iptenipiemi cit depiigficnakie for p
sul fani c_or_hydroxanc_aci | i W] a
deB?d?%n%g%%TfB?ni‘a a%§%$¥b§%6§ﬁ ?ﬁegéng?iﬁngSgndSpon ®
| Nnepait | erb@b ithatheddsd enoat i dead Lappbncatnteradion other

2004/ 097871. 53 Accotding to the anentioa, ib LS t

prehanaphatief p ebebéceqluAreBhilig SpaB¥ATrgP ﬁblgcpa ure,
s9eggral] yafﬂ:lﬁleé)goagﬁh 19,2 GEPUPehatngloRE R the organic

devel op an Tnteraction other than that of a steric,

hyHeephithiilm ao hetdiciphthe cmathode 185 anpldedhf fand ¢ yhat does

with the core of the.NB t he.or gani h fi

whireh t keafkt hﬁagf%%éﬁﬁ}"g[é&, gﬁgkt hgbgg‘oeg%ﬁ'ot Idrglg%gttably)'

si gppibganyly whéh dherad nelardebect abl ggrborfypedaldhgin not
t he” Spacer” can be a carbonated chain not conprising 3, a
hetempaigingl tacdietgxpateanpl’e F8%an 18TalFHHERTT °°¢ @

chain. . i.e. kyl; ¢hai £raRiynl ppeféraBly 1 to 22
lotyﬁF%QPF§lg ?ga% ’céf%gn%hcézfgan ard%at%cechaLn,gor.
a hateegpyehiltychakn, 1suchrbenaagoinget ey aglemagic chain, or

According to a first nodality, it is.passibl
appl PeERECRYCREE FHAATuFHSH: 280k BY e?%e% %Pégn'
functi ogéggb{,ggngr gehi g f#{Pasonidaall itk hast adsorgasstble to

group B& having an affinity for the core of the NB. , h
Thapplyaccbhdi ngnethedie speci B ¢ 8RBBAITKent COBESYcantt a

1ok RS AR (G AEHET A5 LB, OF, Yl i organic
sughae® Bas hbhstiag ahowefindtin faccaheamcreniah the NB. Thus,
according to the specific embodiment, BG; can be chosen
from the groups listed above for ¥ and the NBs will have
a composition, at least on their surface, as listed above
20 in accordance with Y.

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 BG;
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 NBEs.
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




15

20

25

30

According to a second nodality, it is possible to

apply the nethod to a support coated with a

functionalized organic filmso that it has an organic

group BG3 having an affinity f r the BGlL group present

on 25 the stabilizer or the coétlng of the NB core.

BGL and BG3 then forma pair having an

el ectronic-type interaction, which will typically be

t heustakblef whhp &hei NE \CAREniRas a heoaffadi orf pl ftakdlizer

the functionaljzed NBs. Accordln t d ity
| {SpBRSELRET B EvRE® ar R (e ohsh { ng R Yot ics
cogbed Widb acchprdtiegnathied whganoe fgrouso tMhet ichemical

has both an organic group B&G and a BGQ ou Thi s
enbBar FEARS| @I%ené:uli”ébﬂigevwﬁ-ﬁﬁ%i@ NBE c&%?& £%§ although

angﬁ%gga% %5&1@%&%&@ sema"e'v%l%l%@ dYPEnHLELHBEion with

en the surfac its core alsd conprises this
typheohogtoﬁplmTheanheﬁlcaurséuhetd@ﬁéepﬁe§ent at the

surface_of the core,. al though 5. hey bo I

of devePBpi Ay aRTIHEET ach? ﬁvfjti{“ os:'tcg¢1 ffngg%aﬁby BG.
of 36ap6ee plE gkbtl@éenbndASasara oa&gaﬂmg hQSImeI lfnctionalized
functionalize and/ or BG3 groups, and as a

cobvlﬁgBﬁulﬂ¥0ﬁmnﬁ©¥ohbﬁlﬁEdCOB? alBGiSgREUpTLaHeONSE to use
NB CQL§.

acBordiny P TrA CRREgFaEAy, P 3he ndion THREERELER apove
of oA phenkasapdcd aopmﬁmerdhhﬂeaembnbm@mlﬁhéfea@MQSﬁ@wm the
primer and radlcally o] yme It Is rec nde :
P oeBbeshane: PonaRts it | THELGR fer  RelvmabEgabIe. ot is
TbeEth&nﬁ@ﬁ apg ngecaﬂuﬁéﬁiéﬁémﬁﬁhﬁpea.ﬁiiﬁsﬁ dd defined

I'm The presence of a nonomer often easi

deabwael z dyips asvl Iya VB G wt%mganoﬁ@a'ﬁ*ﬁ@w@ﬁct%né CFG of
iy TSI IBRATE, L bpnBlER Ditin, casiiy
CF&Erlbatlbbb&eCanehavihg e redeedisal |yrgacbeméndetions is
tos%ﬁ%aﬁag¥lAs specified above, it is possible to modify
the CFGs of the film in order to obtain other CFGs. In
this context, it is especially recommended to use vinyl
monomers and in particular vinyl monomers of general
formula (II), and particularly those for which R; is a
carboxylic acid, an amine, a carbonated group having
these functions, typically with the other substituents R;
to Rs; being H. This will particularly involve acrylic
acid. Of course, in the synthesis of the organic film, it
can comprise a precursor of the BG,, BG; or BGs group;
Such a precursor can be transformed, when the user so
decides, into a corresponding affinity group by
performing a few, typically one or two, simple chemical

steps. Thus, for example, it is possible to easily

convert the carboxylic acid functions of a film developed




20 nmonomers and in particular vinyl nononers of

general formula (11), and particularly those for

which RlL is a carboxylic acid, an am ne, a carbonated
group having these functions,.typically with the

other substituents R2 to R4 be ng H This wll
particularly involve acrylic 25 acid. O course, in

the synthesis of the organic film it can conprjise a
prﬁn@msmcrpilchecﬁﬂn;nEQanﬁaBbBXgléEE fungepon by a simple
precursor can be transfornmed, when the user so

de%?ﬂé ba?ﬁtﬁeﬁch??espondlng affinity group by

per formiAg aad@ior ypacal by Ocnsgamdv\mosm nptidm, it is of
chem cal 30 steps. Thus for_ exa

S
{ oCeuEFEyPOSEAPALL tohalSEarhdbdAT ¢ %?Bl?%i’rg%‘i i’%f dpgratt.

p 5 r i, C I dij 5Nt rable t
carn%§§§?%§ ﬁ%%c?P%% g§&§$£¥%%1eQQHC|é-baselfzagi|oﬁ uee @

| ngaddtt hawinas aartlmlgarmcm hosepdityn In Fbisf caggur $&e BG:

ossihle to use a fi ctionalize t
Rc@BiigP‘ﬁg BG% t?ﬁ%ul?roa F‘P agFPuFLSL ecgc|> ra ngugg ;} ¢t a8

gr abkiRaui nghdvehel@ition ficper yGIl nbéhng casehdlwting or
and/ or BG3 group advant ageously corres

(Jcamplaaﬁnge@hmuﬁhyrﬂmt?h%n&ﬁﬁ%FG?aBePﬁg9§agﬁgpaﬁqﬁfrdln9
1Oact'8r l ex) Hgll[:%ggt g%se-m:%dgr@i%v@an The aﬁ.he%artlcular

It es presented above.
in @@bﬁb&@zﬂorpbsstblamﬁr compoisese domgring group LG as
I|nk|ng roup LG as defined. Thus, for exanple, it is
§&efpned-o use filnms conprising nnlecules derived

fron1cygkggextfbgs exgépp@rphyglryg opogahb&arenes use films
Thus ecll es or salts, for exanpl e | ead, such

| e adhmpiztirsding, (melﬁpwlﬁﬁaIe@eﬁive@onpﬁéfgu cyclodextrlns,

15TVt 1 (AU e ARE . Plseeption o hace, cor

surdi@@iple lead, such as lead nitrate, can be chelated or
complexed.

Typically, Y will develop a weaker interaction with

the core of the NB than the interaction that the surface

20 of the core may develop with the host film of the support.
Thus, the interaction that may exist between the core of
a complex NB and Y will advantageously be less strong
than that which may exist between the core of such a NB
and BG;.

25 Tn the sense of the invention, the suspension
solvent is a solvent that enables the formation of a
suspension of NBs. Such solvents typically correspond to
the solvents in which the NBs are prepared because they
prevent or slow the aggregation of NBs. The suspension

30 sgolvent will advantageously be chosen from the swelling

solvents, as defined above.




20 of the core may develop with the host filmof the
support. Thus, the interaction that may exi st between

the core of a conplex NB and Y will advantageously be

| ess strong than that which exi st between the

core of such a NB and B&. 2 n the sense of the

i nvention, the suspension solvent is a solvent that
enabl es the formation of a suspension of NBs. Such

sol ventEhe¢ ypuspéhyicnreEsNBadwi sl phefespblkt bej homogenized

the NBs are pargd hecausq \ n
sl ]!89\/??5% aB%Jr%%atﬁl%%&bf s.*5Th gsustsl%glr?s’l on f%éice) sc))ﬁ%hgle' £o
W kipadyant ageeus| yubpesiBesan f rom t hechamtikchig agltatlon,

sol vents, as defined above. 56 The susg‘ si on PI‘ES
W|preﬁeéabiﬁbvy%éOHéwo@@nFEeanbé?—EF@SB PHgtEsas" e

5l S POSsEp a]]\Iéor LatiOn SHD) @de ¢ %W‘&i Oand the

to nechanlc agitation, preferably vigorous, or to
anduratasaued tomstamntof Sthke fNBMcorident tlag | HSPANEREN are

sus en3|on and the duration,of conta I
i rfLﬁQ Su SGah Bf 23 HPFSD 3‘:5195 %f %ya%ﬁtl%sghgunt of
acfaﬁrdtﬁﬂttothae @gggnt wahtsN\Brchatiritegraser ant sheo film.

integrate inthe film Prelimnary tests according tq
theraﬂﬁmnnastyexl:gﬁtﬁg a0cpEdiREn the Fhe malfdiiy ng¥isting

10pr gggtﬁﬁgp%%eblfie 1P 51? 'k:yle gq%%ern{g]{ée itt‘ep5§§§8méb|t@> ea81ly

conditions ementi ng the met hod
usgeteRninend the usefaalsdrmblreef eprboetihaeex amm@stl@tls for

Is clear that the |ncreas t he concent op. 0
thé"@l}gﬂ'@ﬁé‘ﬂl&ﬂ FiGes"¢t ‘b‘gssFBFeuﬁgrlé“a\’ ed%lc’iétﬁe Elseful ke

9‘%?%@1' % d OEhé néﬁﬂl’hﬁiégg groijenrmpinthaof thBs imetrease in
I'm Simlarly, the increase in the duration of

commctcmmees:natmmu@h@ osuAPenPaPR BaKPHr gér possible to
15?g%% Wﬁgrﬁﬁg;ééﬁft %%%Qa n?gﬁzggﬁe%ﬁgﬁ13§2§£E§#§%N$mount
of of NBs into the film. Similarly, the increase in the
duration of contact makes it possible to integrate a
larger amount of NBs for a given time. Thus, for example,

for a film of 200 to 300 nm, contact with a suspension of

50 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 suspensicn solvent,

a hydrophilic solvent such as water or a low-molecular-

25 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 cof NPs of
silica, gold or platinum stabilized by a gstabilizer
comprising a hydrophilic group, such as ammonium. In such

30 suspension solvents, it is also possible to use NBs

comprising hydrophilic groups at their surface such as



20 NPs of Pt for 15 to 60 mn nmakes it possible to

obtain a filmconprising nanoparticles. As a solvent,

it is possible, for exanple, when the filmconprises
carboxyl - type affinity group%. to use, as the

suspensi on solvent, a hydrop i1ic sol vent such as

wat er or a Iom#nnlecular 25 wei ght al cohol such as

met hanol or ethanol, or a mxture thereof. The choice
ofsﬂlhgdrnphlltc sialyvéet umfesl iffior pospebien shilled in the
exa roduce, a susggfsion of NPs of silica,

gotH o?°p¥%F$ﬁuH?ngﬁl?¥§ By a stabilizer

conpri stig a il | iaQ <@ OWBkesUCht ap@Igisieimtd nproduce
such 30 suspension solvents, it is also possible to

us&?mrtéonﬁpa§ﬁ$g Mo ’ill{]m@ ?r%]ﬁlw‘e}@reé or more
sur ace su a S y a
5SULL8TEeSHAD S ke Shh! ERNBaald BBY ippiseid) chgiea wich

torefer to exanpl es
Th@rganﬁatEQMmelGOmpnkeingtNBssswbheht@1@m5dG@@ be obtained

ports coated with fil ris one

coh o5 Ben e HoHe Pt h AT or LhpBor fe BBRRERONREY - €
orQQEhsgfI%gf COMRS ik YRS, Ny clifill npecasppbied to NBs
obt al ne y the nethod present ed above. Thus,

advapehgeowd] \Goakrscing hetdesr thec aPdion iy RBSARLESCcence
1020aB8RL, *dpt0u N SEABRREE Gh GARLEICHAS WRCY dh@xposing a

cen gent conprise an

addbhieongt LRp elr€spesi og a:haomwbrtthe sonfede with the
the support, coated with the organic

th@rIB§lct§1&"b§élW dfent N SfThE"cGaFé’?gS’ﬁESn&F agent.

B3nlS E%QEE}&chbeedmﬁé the &liSanPEDy arder tfed heas  the
boungar et ween Bs in contact 15 with one

andhbappeamdmﬂamaﬁ1uherﬁbunﬁaﬁh b%?@%@noFW°I§P§eﬂn contact

nd simlar oSiti.0 d h
153h&’|&§ et ngaqoothderrngdaa i ognt‘féng h%l o%qu %ff?f g'glge%bﬁ et of

trqa%)g%treh@lz‘éh%ﬂaetdmﬂlla& ggrealilud grer fiwliewdsy by a change
aCIn t he
P in shape leading to a reduction in the total surface of

the system.
The method is generally performed by placing the
20 film comprising the NBs, typically obtained according to
the method described above, 1in 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

25 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.

30 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



20 filmconprising the NBs, typically obtained
according to the nethod descri bed above, in the
presence of the coal escence agent. The nethod can of
course be perforned on one or, ghore zones of the
support conprising the film 5& exposing said zone to
t he coal escence agent. This 25 nmethod can thus be
performed in a | ocalized manner. The coal escence
agemtplen NBadstiohaasodivnictdoned igied pBs ippbrd angetallic
an organic films and | ayers present on the support.
@t@ti zed application of the agent can thus be
preferaﬂll@ &b T d¥BSe Cappdnte ajarunder gei ngarlation of a

coal escence are, for exanple, e e wi Il
gembYai*P@flb@éﬁ@tﬂlﬂqqlt RBs 1 W%%%tl@ ?almetrhOd is

meL Ay SLLOY (NCs o0 i R 38  LAMP! et NB@héUCBuggort the
> uARYT ORal | Zed ﬁBs having a netallic core. The
copheaeetee agéhl cha bmodifaedat bodyof ia ph}si cgene. The

paraneter_or irradiation h
apphye#ced QaEQWFFEEFaFaEGﬁg OP% ﬁ gpﬁgr%§lEE in order to
Pa&ﬁﬁsiﬁf aWebh1becendif bednesl yrenkhbiva rone. pEreon skilled
physi cal paraneters capabl e of being nDdIfI%d i n.order £ the
ton.nobtl'a& nagtcoaTee end®of eXBEPARe I@I’]OWHdll 15 ﬁépélono
Il ed L0 the_a u l5 didh G3in B2 used.
Ot LERECTE ek B aFIPEEE, B S e B
i rcaeleabmy can Hemtuserkatoéenerat | §, tampeaﬁtwéab@éﬁ’@en 250
at a tenperature_ between 25 500C, gg o 5 min
exaﬁﬁl SUEE it ARG 0ECT 0 £XEMPG S5 Farad It p035| % pFe

QL_%' nd %&Q%%C%BC%&%@J atid UBbaDagepate olfesplatlnum
treat

nt perforned on the entire 15 surfa
thaamuppmmudﬂmﬂrmﬁwphlan¢é§ﬁﬁmﬁ§Qu?eﬁﬁﬂﬁﬂ%§t?EI%ge entire
| eads to the formation 0 us negghhlccom risin
L5 e TRES s Thn ngl per?'%%(?sﬂpt gﬂgg{ig mne the i nmm s
tem@k@a&rtq&l@s alghien to nehacchorhaygicon tdfe wBdiomogeneous

metallic film. Tests can be performed to determine the

minimum temperature for a given time according to the NBs
and in particular according to their size as well as
20 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

25 coalescence of NPs.

This invention also relates to a non-electrically
conductive solid support on which an organic film,
comprising NBs, and particularly NPs, is grafted, of
which the first unit covalently bound to said non-
30 electrically conductive support is a derivative of an
adhesion primer. The non-electrically conductive solid

support according to this invention can optionally have a




and in particular according to their size as well as

20 their conposition. Simlarly, the |ocalized

application of a coherent infrared source, such as a
C02-type laser, easily |eads ge%o | ocal i zed coal escence
zones. The application of an ectron beam for

exanple, using a mcroscope, nmakes it possible to

produce a localized 25 coal escence of NPs. Thjs

i nveski ars allefineHatadwmwe. alhorca eailEpcgonprise molecules
conductive solid,support,on Lch 0 ' I3l

co%?%g? gaﬁlﬁg?géﬂg ggr %Psu]“\é?f’\;lﬁgg,s ?gggr&‘gP%gd,gbgye'

whi ch t hgvhhtagesibl y¢o¥Akebrbunheutid 1o coapd isdng3®Bs, and
el ectrically conductive support is a derivatiye of_ .an .
adhestoAuprirAEr NP¥he 1RGALSREet Aic 80 taGRI GG iNpe Sk vnit
suppor r di this iyveniLan Longl | Yrsonductive
5ha\egvgagggi%ﬂsI%%gléltdgef%edhg%ovééﬂl tegggﬁgglhso gorrpri se
nokeppbes dErfted docor dang adhadiomopaimeres identical or

descri bed above. Advant ageousl the o ic fi {cal
coRPEEEFRYENBRONNRT = 'pal%%u a\y?y s, glﬁ%ﬁl%ﬁeéﬂ A radica

addihbiceRoh0 L@ figpttionaillly 5aeavalaeritdes baind tie t kelhesion
non-electrically conductive support derived from.an
adpesimem .prTies, egenexpbained ®LOVErentlRoMHERTEC

bound to.qQ anot her i C r i @F . it can be
1°opFiS§ﬁ§I%I1§‘I1§ ricv oﬁyggé/ro?f{%g' a@%]éesi g%%%r@?ﬁg?gymus,_ ‘

as iexptBenefbabovE theseqgemied f idahymerlQogssantgtatistical
a polynmer film _Mre specificall it nob j .
f oiCRPSfl VAT qdénBed 'E]t'}lgyn’%‘?nb‘? %XEJE%\??@?YCJI?OH&@CENe solid
CopRQ| td | | fhe THAHRGA LR G0 fiidd | ¥n@ontiectmogoBeOtsdare as
supports, the adhesion priners and the nononers ar asl
defdefachesbateovdy pTyRiFgllyhe thds, NBhd pBAL p@lﬂt&ﬂtﬁlar y the

the 15 NPRs,. will _be present_.i Vo scid £11m.
15 h&'ES Pﬁlsl]1 Vﬁ\geaé)dﬁ%ég}lt, i ﬁ%é]p%lls%ﬁ%% 0 seefsa .1 Im
el ect r odePeidiitdbn ,Saltutisnsodni Yl ma wes adleetrodeposition

coating, and in particul ar ) . .
solé%ions to @orm a metallic coating, and in particular

film is

copper, on a support coated with an organic film cobtained

by the method described above. The electrodeposition will

20 generally be performed on organic films not comprising

NBg. Typically, to implement such provisiong, 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

25 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, in which the

30 surface of the support is placed 1in contact, without

electric polarization, with an electrodeposition bath,

and preferably kept in this state for a pericd of at



copper, on a support coated with an organic film

obtai ned by the nethod descri bed above. The

el ectrodeposition will 20 generally be perfornmed on

organic filmnms not conprising s. Typically, to

I mpl ement such provisions, a person skilled in the

art may find it useful to refer to the internationa
application WD 2007/ 034116 and in particular the
exaepbbs. 5 Teecondde peefedably2Pedwean odlp@did i 6h &sconds,

t ted with i i bl e of
bt aovat haucny L keRarREd tcte, PReqeoERBR:. oo i n
particulap R eRerdpr aBembigCaney intg QUi d heoat Dhg pWingwhich

steps: - a so-called "cold inlet" step, jin which the
3093Lff gMELSCe: Hee sPRPRFized EPHcEd SYE idsweant  time to form

W t ric polarization, with an
5e|%§?§088§g§§ ion bath, and preferably kept in this

state fer @ peyicmlldd at*he® be&adets sstepds,in which said
preferably between_ 10 and 60 secqnds, . and .
hOSUREAEEOLLPy STBRTRCIS (5D SdtonddettipdsRgpifion step
fopAkng tReipebakihncuagali Blectivhipeharsand isur.f ace

is polarized for a sufficient time to form 5 said

coati ngThisa davembian " Ris@ut FELAtEFep tA n i BRthed  for

saj . ace ed:fro e 0si
103 phEcadieifes A SERAL PELLE OBrERRBUCE AIROBLEEEe of 2
Thigsliadvenppotrtaliseludiatestepsa corshiedt igr int0

metal i zi ng an _organi.c filmprepared at the surface of
a soli (ﬂagugpé’l"’? gdi AF sttl’éégss%%%?%t?ﬁgai ﬁ:c’q'(lgl |JUPPOTE,
prSHaﬁﬂghnfg £ DEm S Wohpe? sQhg? St hISTRPOE t (NBBD according

organic Tilmconprising nano-objects (NBs) according
tote semethods agetiefadedbebevers (b'') placing the

15l L) 0 PR R hEAD, L)Ly B9REpR 1R Beep (@) im
contact with a solution containing at least one metal
salt capable of being reduced by said NBs.

Indeed, to form a metal coating on a support coated
with an organic film obtained by the method described

20 above, it is also possible to take advantage of the
presence of NBs, and in particular NPs, in the organic
film. For this, it is possible to use a solution
comprising one or more metal salts capable of being
reduced by the NBs present in the organic £film. In

25 general, the support coated with an organic £ilm
comprising NBsg 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 i1s generally between

30 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.




salt capabl e of being reduced by said NBs. Indeed, to
forma metal coating on a support coated wth an

organic filmobtained by the nethod described 20

above, it is also possible to _take advantage of the
presence of NBs, and in partié lar NPs, in the organic
film For this, it is possible to use a solution
conprising one or nore netal salts capable of being

r educedady anheNBIBs ifr esentpdgs ithie oﬁ'—@anlll%ef i 1M Pﬁr%cumr'

general, the support _coat t n g
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coppr cenpyexNEBst §uche afetfdinaaianasoizf o‘?Pg aving 4 metal
generally bet ween 30 30 seconds and around ten

>mi A%t®s. The concentration of NBs and netal salts in

the filsameng breadeaptdd sada:oraﬁmg:ictrcs,thietdi::%i r égr example,

thlckness of the film 61 As
usBOSE R A& t FRul FHOOST rrp‘f%pff@%and‘g%ear ally 2 p?‘%ﬁ%ée sdifate
angol FESﬁB'CU|ar metal NCs or NPs such as platinum

adium or netal alloys, or conplex NBs uch as
functl ofbti zeoNBe tefli ridiea” ePs ©f nﬁ? §hdype of
met a alt solutig r a S | t

100n583kEEBhpaP SoPPaty diniRa el ¢ ??E%%%F’%t Teactin tha
Theakbei peaek.the type of NB and the type of 10

solution is closely linked to_th ,
that tZ&Rés ﬁFH@@tg?ﬁ|§lﬁﬂv§ﬁ993%Sr %ﬁ Uy re%%t%?%°1Ut1°n

us‘éo?lfcaﬁniﬁ ut{0n; 500t nQoli&eﬂl@ﬁShtOmﬁaaEéﬂ venk, aathesion
one adhesion prinmer, optionally at |east

mopeteerdi fémremaXlvmats 1¢rRshdRBS| dqprm%rdaﬁgerem from
pos%kb%dhé§13§%5¥lég¥aa$§”1§8és1b1y, at least one chemical

initiator as defined above, to form, under non-

electrochemical conditiong allowing for the formation of
at least one radical on the adhesion primer, an organic
£film at the surface of a solid support in contact with

20 said solution.
The invention also relates to a kit for preparing a
polymeric organic film at the gsurface of a sample. Such a

kit includes, in particular:

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

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

- and, possibly, in a third compartment, a

30 solution containing at least one chemical polymerization

initiator as defined above.




initiator as defined above, to form under non-

el ectrochem cal conditions allowing for the formation

of at |east one radical on the adhesion priner, an

organic filmat the surface 06f2 a solid support in

contact with 20 said solution.” The invention also

relates to a kit for preparing a polyneric organic

filmat the surface of a sanple. Such a kit includes,

in partThel Zit iaccording tonphisnsimventisyl ugaBnoptionally
cont ai ni_n 25 at | east .one .adhesi_on | ner i ned
abdve® °8BFP6HaP1 JFomRR et fd nitoan%%%#rer%t ’ségpgﬁéﬂi}ﬁ of gt
SOl ghON kRNt Bhib b péct east Dnguspdheabhy solvent and/or a
pol ymeri zabl e nononmer = different fromthe adhesion,
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chem cal "pol'ynmerization 1nitiator as defined above.
62inThatkoh, adder df hgst o adriparitmeatt | containgp@itonbgagt one

al so contai n a_conpartjent, contai,ning a,sus [ f
at Pngﬁg?OEneoﬁarﬁl}?otﬁdg’gsji% aP&d%8&nsi Bn s‘gf%cz%fgog of an
angdfAE s2onCPFRARYPENIeEAB! Al Rbngcalbunehitdngl isesphirated from

solution. 5 1In an alternative of the kit accordin% tq
t hehei adbASion, PrABEK| Pyt ac GAPALEMPROCESH &tRE &Rt 1S easy
leggtignﬁemgbﬁgu&ﬁogﬁﬁg.@ngqh%ﬁboﬂiQrMHQﬁ-p%ssibly include
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process step that is eas 0 tq inple t. In.this .
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ot NeLCRRRBR t By £ 0NbRbAL et beasodith ebfpRptment if a
necessary for developing the primer fromits

pr ebemgorl( t pridetonbar tiegreny) f oFM§ .colpsr t bkt §3n, for
S oSRRES B, S AR gy Rl P hedear o
pr egr S@he¥ion primer, and alsc a NaNO; solution tec allow,
by addition, the formation of an aryl diazonium salt, the
latter being an adhesion primer. A person skilled in the
art will understand that the use of a precursor makes it
possible to avoid storing or transporting reactive
chemical species.
The solvent can be contained in any one of the
solutions of the first and second compartments, and

possibly in the solution of the third or the fourth

25 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

30 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




t he adhesion prinmer, and also a NaNO2 solution to

allow, by addition, the formation of an aryl

di azoniumsalt, the latter being an adhesion priner.

A person skilled in the art w.|l understand that the

use of a precursor nmaekes it 2g3possi ble to avoid

storing or transporting reactive chem cal species.

~The solvent can be contained in any one of the
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n

and | n_particular 5.by,ul Advant ageousl y,
loonFQEPﬁ °§0P%t%§ﬁ éégégaFéﬁﬁéggﬁenEﬁnoner, i.e. of the .
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being mxed with the  solution containing the adhesjo
o bRSYTSFaptl L8 DT HREREERPIE HF AORFBERRSor Lt gPhould

IR (S0 BRI Slipbpvet ptimary oo
polgees thinkes simdeng aibrear kabseepr opevepbing| Wishod Folvent
157 037 (4D ST TR CTOHPPEF 4 S TRthh i TR § 2a-dn cthe
solyellence of ultrasound, the thickness of the film 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
20 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
25 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

30 another.
It is of course possible to apply all of the methods

described using a base support. The order and sequence of




15 in which the nononmer is particularly soluble and in

the presence of ultrasound, the thickness of the film

does not vary significantly. Mreover, it is possible

to test, wth remarkable sucq? t he t hi ckness of

the film obtained by varying e experinent al

parameters such as 20 the reaction time or the active
speci es concentration. The conposition of the filns
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|t poss using a s?ng e, sinple and

r e oot i e sirsn.c esss t 1o \@mruyn gt typs -gréiiﬁlﬁi‘@] @®p- Moreover,

conduct | ve, or non- Condu%tl surgﬁggsls

13 nﬁ%ﬁ‘f‘ﬁ%?‘ﬁﬁntﬁp?ﬁl eod g6eg not req

Si QinfdH@on | AMQSL MERE V\btllilef e@tﬁé’dhﬂnztﬂzecﬂmcmn today for
equi prient such as ,
grafting or coating surfaces. This method doces not

Lﬁ:le and fast by

require a connection to an electric circuit, unlike
electrochemistry, and thus enables it tc be applied on
20 surfaces that are difficult to connect, such as nano
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
25 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 longer necessary to
connect the surface to be grafted to a potentiostat
(figure 8a), but only to soak it in the solution of the
30 reaction medium (figure 8b). This technique makes it
possible to synthesize a large number of polymers, the

monomers of which may or may not be soluble in an aqueocus



potentiostats, costly vacuum set-ups, and so on.

Moreover, 15 the inplenentation of the nethod is

sinmpl e and fast by conparison with the other

techni ques known today for ggtlng or coating

surfaces. This nethod does not "~ require a connection

to an electric circuit, unlike electrochemstry, and

thus enables it to be applled on 20 surfaces that are

di hédtuht ba amwﬁxy widehvagiesayo ofobpleerically- or non-
Furt hernopre hi s _r.adi cal pol rizatiop.can b
pe?i%?ﬁﬁacﬁﬁlYﬁﬁoﬁﬁgggﬁXS ofsﬁggagﬁs and™* ggES %8 strong
| N¥Bh¥8ioANY wPER! alhdr eGaksl 0BBrdihedy bdingyntdweidteant to
As shown dlagrannatlcally in figure 8, this 25
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vari ety of el ectricaljl articular for
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funelisanald Zesﬂgﬁ?naagerﬂ@tﬁlgunhﬁhtlﬁbr&ébﬁaﬁﬁs @fr fibers
various types, heretofore not decorated or grafted,

sudMa&erar@@EﬂJsuﬁfacefOTheﬁéf&ﬂ@nﬁunﬁF@@%meFFEId%Yofcoatlng
app i.cation _and such a netho appl.i e 10,94 a
e Wi oFEEY S Fﬁnﬁarwllgﬁﬂlggér B! efor 10ptSucing
b' QAQARAkIKE 1 idohdriees 38t (fixfted chidnng), for the
functionalisation and in particul ar ,the grotection ff .
In addition, the functionalisation can be JTocalized

by using the mask. It is thus possible to specifically

coat various areas of the same surface while protecting

20 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 1is
possible to use simple depositions using ink-impregnated
felt pens or a coating with fat.

25 Finally, the functionalisation of the surfaces of
interest can be further enhanced by the use of grafts
themselves linked onto the grafted £ilm.

The method according to the invention can also be
implemented in a pollution-free approach, since it can be

30 performed in an agqueous medium and it produces little
waste, with one of the products of the reaction capable

of being in particular dinitrogen.



surfaces, such as netals (anticorrosion) or fibers
(water-repellent), for effluent treatnents by coating
15 films with conpl exi ng nol ecul es, or for producing a
structural bond fromthe graf% film 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 ,
ot her abemsr weatones oandpadvansages Taf sthjpeipyention will
procedure s easy to inplenent .secayuse o ni_G-Jmasks ;
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itehs ROSHOPLEGt hatsel iy depesigliens pusivigied for the
i nk-inpregnated felt pens or a coating with f%%FBZS ded
Fi parpgset et f ddduseration | 4R oFeFﬁéega?fa%%s appende
5in£§é8?gscan be further enhanced by the use of grafts
t henselves |inked onto the grafted film The method
according to the invention can also be inplenmented in
pol | ution-free, appr ince it can be 30
BY bE fedlePRYZRCIQE dELAYARES t produces little
wast e, i Llirane ofsHdies pepducte afpddwnumeacti oa gold plate
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capable ©Of being in particular dinitrogen. 66 her .
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5 tigures. Brief description of the draw n FLgu

shows t FBIPREspectFaff & ego?ﬁ. ﬁ%ﬁ%?%c%&di %g %%l&an plate
al keeazth! RbrdiagmRies ol ttinatil® ioivanid aetlidd of this

sol'ution of which the diazoniumsalt was prepared jn .
si tinvienarop, benzg! awiibd. i g0FetPoBhGks WinECh REhe diazonium

lSSp%%HEu a%fﬁzéﬁﬂﬁ% ﬂé?é% in situ from p-phenyldiamine.

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, after 5, 10,
and 15 minutes of exposure of the plate (respectively (a),

20 (b) and (c)).

Figure 4 shows the IR spectrum of 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.

25 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

30 coated with a primer film (figure 6a) and a profilometric
curve (length X (nm)/height z{A)) of this surface

indicated by a double arrow on the AFM image (figure 6b).




treated according to an alternative of the nmethod of

this invention, i.e. with a solution of which the

di azonium 15 salt has been prepared in situ from

p- phenyl di am ne. Figure 3 shows the IR spectrumof a

gold plate treated according to an alternative of the

nmet hod of this invention, i.e. with a diazonium

solution, after 5, 10, and 15 ninutes of exposure of
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shows, gold plate
tr geteddaegotd ke amount of iron flllngs (figure 10b).
Figure 11 shows the XPS gpectrometry (X

photoelectron spectroscopy) analyses of a conductive
carbon felt (figure 1la) and of the same carbon felt on

20 which an organic film is grafted, which film is prepared
according to the method of this invention, 1i.e. from a
diazonium salt created in situ and acrylic acid, in the
presence of iron filings (AAP for acrylic acid polymer)
{(figure 11b}.

25 Figure 12 shows the IR spectrum of a geld plate
treated according to the method of this invention for
forming a sequential film.

Figure 13 shows the IR spectrum of a gold plate
treated according to the method of this invention for

30 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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to this invention, with a priner and a nononer, on the

one hand, the IR spectrum of said gold plate treated

at different exposure tines (figure 10a) and, on the
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f oFEeRFSH | 8Caeraipgl Yretie Metdmce 9 bsl-’?l%“%f@%é@"&z‘“th a
épeaﬁgaépﬁgﬁéﬁﬁ}of a gold plate treated
0

s
actording to the nethod of this invention for forning
a sequentguatef illem sEbwar & 1phottogsaphe ¢R Hrahdrunnapotubes

a |d pla treated di t t [
nCEHevER 167 3531 8r RiRESa epd, b, PAEPOR; fiaflophekE, Aeter o
14t§@9ﬂ\§e1t1@eab80§‘§§ﬁﬁr 4 ehea igplethtplaat avitth emtprimer and a
according to the nethod of this invention for 68

f orenemes {figvbaseeobn a nonomer that is insoluble in

the re ' salwve i S IR speciFmEn nlate
of a g?g%égg?aﬁew Ppggge%%céridi%é\?%fgﬁe CEet ﬁoglﬁ'fof p

t ht Behbg@nhtopbrdihly &o Eher imerhahdf tphonknveRtjanewith a
16 shows a phot ograph of carbon nanotubes (figure

168¥ 1BRY 3n§h6t@ FEBR*of carbon nanotubes after a

treat mepi ;AEE0REI RehdwWe ttiee | IREBpeeR ral tdbtaiptddrefornd gold

a nonone? (figure 16b). 10 Figure 17 shows the IR

spptatem ofiguFE8gllatand a titanium plate (figure 18b)
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 19%a) 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 19b).

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.



treated according to the method of this invention with

a prinmer and a nononer. Figure 18 shows the IR

spectra obtained for a gold plate (figure 18a) and a
titaniumplate (figure 18b) 15 treated identically
according to the nethod of this invention, i.e. based

on 2-hydroxyet hyl net hacrylate and a di azonium salt
prepared in situ, in the presence of iron filings.

Fi gur e B9gshew=2t hehphot oheaplR/FF¥ wapepindr gptaingd for a

20 i i | fi 1 d
20 Bt P 55 B, L] A g0 paparment by

coghed giddedy Dut yheethawatdal eof phBdibkyathyldientaraylate
the method of the invention (figure 19 [

I b). Figure 20 ,_.
shewd tiemavRIARM nEhei Rgsbbivditie i bfefoty Pa5EEFfed figure
cogted_wi.th. ial ink mask after treatnent by

5thgﬁﬁr8ggsglsﬁggggsgﬁésence of
hydr oxyet fukgetBamhydvat etié i JRRAS2G@ecorvacrad |2 geild plate

figure 20b) and renoval of the ma i gur 1 :
t(hQ%PRPﬂFMJ)erangl&B} aF B o1 §§5M§olg%m%| %t ecijé‘i‘éﬁiextrln
cogted Witlhea thiol mask after treatnment by the

process 1 n the presence of acrylic acid and renoval

of the Fagkre6®4 Fikpwse bhesABRAS: FPEGYIAIM Happi Ag1d plate

obt ai ned f or ol d.pl at it hi,plh "RSkalixarene
10afF8PtF%ea ﬁﬁﬁtq%y%lgﬁb %?@@gégg?ﬁﬂﬁﬂgﬁg%esence of o

hy degxyatRylaret hacryl ate and renoval of the mask with

different patterns (figure 5 22a and figurge 2
Fi gure Z39sE6ws2% hé SF%%e&gﬁhn?B?cgr%oldsp%gkgj and Nig

CoRER T £ TN B PR, an acoumbstoged eron o

golsd rpjlat @rimer and comprising a porphyrin derivative.

15 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

20 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.

25 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

30 otherwise indicated, the reagents used were obtained

directly on the market without any additicnal




10 coated with a filmconprising PHEMA and a

cali xarene derivative. Figure 25 shows the XPS

spectra Cls (25a) and N18 (25b) of a gold plate

coated with a filmdevel oped f om a single prinmer and
conprising a porphyrin derivative. 15 Figure 26 shows

an xPS spectrum (global) of a film conprising PAA

grafted on a gold plate, before incorporation of the

Pt phanbpaatiohes. T g@lass7 phatssarused ekt purgurface of
(ghob%L) of afilm conprising PAA, grafted on a gold

plate, after 20 incorporation of the Pt

nanopar Nocl g@scedaiiion 28wabowt aerXPSwiphct memard to the

(global) of a film conprising PAA grafted._on carbon
naﬁgmgggéplgpt@; tpﬁcapﬂgﬁgppgﬁ,opn@hgﬁptsolutlons were not

Snﬁgggaﬁgkﬁl.eiﬁh&? Peiaidedtdescri fhé ORsOfnPespbbefied, the
enbodi ments The follow ng exanples were perfornmed in a
gl asposoekl .ofUntkss sutrifecs swo | hdi taeaded Heithekle reagent

conduyct ed nder _nqrnal. conditi f. tenperature and
prggiﬂ&éon(gﬁggﬁg %grclu% eﬁSaFgﬁﬁggf'atn) i n anbi ent
air. Unkeag Herolder v sexanileat efl luderaeagehes engediiments
were obtained directly on the market w thout an ,
ad@tt ithsalimentian £ i ThR | BhrsThecgrases pfales @g)é@aﬁgai with
102 W ?@%ﬁon 189%er.',\b.tﬁ{§cgl%ﬁﬂa Washdeakeh Withs prepared
o the t

regar onposition o e atnosphere, and the
sowtithoas awdhesion pritegasseda Weamenshn rtédwctbigird igancerns

Is_not specified, the, exposure.of .the_surface ;

t r EXPEEIRPAH 18 lFéag%ﬁFB'scﬁ?ﬂi(ﬁ?ﬁ angaEﬁorcég?%gﬂ% £ilms
ni@@h@&isﬁg@rﬁaﬂa_%%jgkt%xanples illustrate the

enbodinents™ of the invention. The first concerns

films prepared with 10 an adhesion prinmer, the second

15C°&C§rﬂﬁhggf8%_Eﬁ%ﬂ%&eglone

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 jron filings

20 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

25 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,

30 of which the thickness increases with the reaction time.

The specific peoly-benzylamine bands at 1476 cm™?

(Deformation C=C)}, 1582 cm' (Deformation N-H) and 3362




wi th an adhesion prinmer and a nononmer, the third
concerns functionalisable filns, and the fourth
concerns filnms conprising nano-objects. 15 | -
Adhesi on prinmer alone Exanple 1-1 - Preparation of a
filmon a gold plate using a ‘diazoniumsalt from

par a- benzyl am ne, prepared in situ in the presence of
iron filings 20 4 mM of a solution of NaNO2 at 0.1 M

i ncmat dElnaget iatddt o aremvisfikl s ohuuttlm BR spectrum of a
para- benzyl am at_ 0.1 M_in_HCL (0 M , in order
PP Faren SHeCH EBsntneoares' AELGORA Blate was ¢ hen
added to the reaction nmediumfor 15 mn. The plate

was then rinsed in water with acetone, and 25 ,
suB¥arphy £n2tt PrEpakAtian RE anfiiliNe@Naahgeile RAake using

SSOAUHH.QQOWihﬂ asaP.I.'i :fgmﬁ EQpﬂén&Qq‘iE&&ﬂ 9ﬂgleeﬁ£.9ed in situ
prmmary— anr e, oeroreoerngarrea.—Tne AF
spect thaepryséXcphof okkent £bhiggect roscopy) and IR
anal yses confirmth resenc f the filmexpected
30-of “vibi R Plie & HERHCERT | iE - Baba aF A endl rihciRERr were
ti §8dedheospeall isr Pl ¥obapiyhawene haluis 1aii akitfe cat 10.1 M
(Deformation C=C), 1582 cm1 (Deformation N-H) and
3362 HE1 chd 15 ( Mlongdti GirderH) tar £aami bhe chiazrniym salt.
sp r | at.q :af ter the t L QK :

10 0560 47,85 gl THLAAE e 44 B0 el p Qi fgphium saie
ussdbut boa. dizazgol dmpdaltie fwas phehmeyddednitoe, the reaction
prepared in situ in the presence of iron fil,ings 4, n
ofTSOLER UG b7 RiRep TS 0BIARF| At ERCReFd noAfetp Water
t Oy Al 206t 8n80! HhioBupeprBhepy! di arhBBual OnlDMF BAd then
HCL (0.5 M, in order t0 formthe diazoniumsalt. 10
200ingedf inrvatér| baforachbeinddddied .t his di azoni um

15 Gact i oh niaru AR Rty RerhPEPePEEEphC bR Lrggeopy)

| NnaM@t R analyses confirm the presence of the film expected,

of which the thickness increases with the reaction time.
The specific p-phenylamine bands at 1514 cm™?

(Deformation C=C), 1619 cm® (Deformation N-H) and 3373
20 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

25 thickness of the organic film, the method was applied to
a gold plate, placed in the presence of a socolution
containing 4-aminobenzyldiazonium, under non-
electrochemical conditions allowing for the formation of
radical entities. This choice was in particular motivated

30 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).




lSi

20

25

wi th acetone, and subjected to ultrasound in DVF and

then rinsed in water before being dried. 15 The XPS

spectronetry (X photoel ectron spectroscopy) and IR

anal yses confirmthe presence the fil mexpected,

of which the thickness increasés with the reaction

time. The specific p-phenylam ne bands at 1514 cm'

(Deformation C=C), 1619 cm 1 (Defornmation N-H) and

3373 20Acs91uchnmyﬁ|dﬁam@m@umrealtsmmewa#ﬁ#h%aﬁRprepared
ectr .of a at after t tre nto (figupe,2 -4

é 4T‘Ei gf ?he® 11| Fr]hthl < ness oé%hg )M (4.10

i nﬁbyégpet@f AVah]l 045 BAlVIRItEIH Gk thel R5 (t4h|1(ﬂ<ﬁemeles) of
of the organic film the nethod vvas 8Bplled g
pl Bt &7 apiaebanrFrleRenpr dderfiel of 0 it e agi Stfon. a

5C04bRlNbNg 4" fLNaR gEéyEG'Eﬁ?FOHBRuHEQEr non-

em ca Itions allowng for the formation
of rad'i['oalsterdytthe iFfi sueoihmd cofwatshe nrpactiiom agime, the

noti vated 30 the rese ce characteristi .
ab§8¥BFF8H b ﬁiﬁqﬁgﬁngﬁ 90f58jectrfchemlcal

( DebariRE bAB Qi%wﬁa@ogfdi:mt]he (ﬁ&ftﬁ&tﬂiﬂém oof Nrkfiiealls on the
1656 cm 1 (El ongation N 72 A solution of

d| azlbﬁsaﬁrnsamtlmer whveradghiichr 8BAr & b9 addWy Bikings. The
i O f M 10
of pa g%l ¥ ?%n Wﬁ%&f]dlof%%ﬁ‘ol Tégie n?é&é&léﬂ dhddium and

|O 4mﬁ§dmabemgryl apineetin HEitkO. SNa@er undgieragi taagtme  and
gold_plate was added to t ution o study
heImApalearemiate ABHE | ohiiPRe o ?ﬁéﬂ%&ﬁ%&.cﬁPéhiflnally

t hap sabagadeunder abgRnelgciiegeneni cal conditons
allowng for the formation of radicals on the

adhesi oASpshnUn by shei 3§ seeckrust i figyng fgs.thmdime of
| nRBECELEE, 7F neBf WPENDRGt 01 FA Aefore Ang o ite Has an
di Feihyleheemamn <iehe( DiAckneder of tutes diifdy cioich ifrievhl [Bxposure
times of 5, 10 and 15 minutes were tested. It appears
that a prolonged exposure increases the thickness of the
film. Indeed, the increase in the intensity of the
absorption bands of the poly-p-4-aminobenzylamine at
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

30 an HCl solution (0.5 M). The gold plate was then immersed

in the solution for arcund 15 min. The plate was then




dried under an argon current. As shown by the IR
spectrumin figure 3, the tinme of 15 exposure of the
sanple to the reaction nediumhas an influence on the
t hi ckness of the filn1obtaine@. Exposure times of 5,
10 and 15 ninutes were tested.’ 3t appears that a
prol onged exposure increases the thickness of the
film Indeed, the increase in the intensity of the 20
absimgped onwiaihds witehe pody- pdetendobeandl arfeggted to
1504 cm 1, 1605 1 _and_1656,cm 1 _indj . :
reteEeEound TheDMR eRfesasa tEnearel PETRES, Blung ariea.
Exanpl epd - Aotk epair | qrof speldthvdmetrey galkd phateelectron
using 25 conmmercial p-nitrophenyldiazoniumin the
preBentEostopy bnand |3k gangheses pernfdsiefadonatesence of
5 3CCHLAEDg ! %x&)@%te&r, otge %hic@? CEJ&éJe@hi é‘kﬁ%é‘fp!iﬁc%éases with
usirng comercral p- nitrophenyl diazonium (Al drich(r))
sotnbi késetdieh 0i6.Min 30 an HO solution (0.5 M.
The gold plate was then inmersed in the solution for
around 15 mn. The plate was then 73 rinsed with
VWaERLmad 2CEt ONPreBRdattibhested E91mubhr asquid blabFusing
and—them 171 water pefore bei ng dri ed. As above, the
XPS dpseonount eglExcyrated] dat saku dPetheoBrEggRCcengt steel
I R anal yses confirned the presence of 5 the film
ex ed, of which the thickness increases with the
reacti ophéi peocediel eid - bdenPiepar abi dthaof f f pkamphe I-1.
a gold.plate using a diazonium.s
si

It created i
hei ArPRe EpléBgRc WS §F8&FcefO%ngF°?ﬁg %r&@b&ﬁr?f steel

is identi.cal_ to that .of - ' B h L
SrbSToiERs S IB Yy AR, JecLseRbi b (o)
(seppkherf GASTOBAYA(and, ssimaessivel y(dode, (@hichexnakes it

fine (00) and super fine (000),, which nakes i .
15 posgibae not tg have solid éron residue %n %he solution.

10

The XPS and IR analyses confirm the presence of the
film expected, of which the thickness increases with the

reaction time.

20 Example T-6 - Preparation of a film on a gold plate using

a diazonium salt created in situ in a basic medium

The procedure is identical to that of example I-1.
0.3 mlL 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 f£ilm on a gold plate using

a diazonium salt created in situ, primed by an irradiated

PVDF membrane.




15 possible not to have solid iron residue in the

solution. The XPS and IR anal yses confirmthe

presence of the filmexpected, of which the thickness
increases with the reaction tipe. 20 Exanple 1-6 -
Preparation of a filmon a gofﬂ*plate using a

di azoniumsalt created in situ in a basic medium The
procedure is identical to that of exanple I-1. 0.3 ni

of a soWhespkutbonlatis2iflenti@ald Mowthet sdbekiampiledI-1. An

for the,iron filings in order to,al|pwfor a .25

o1 FERESHREPEa DR ERETAReL d Za 6000, GO FHBCRBSoaRE | RLESETon
angk-y5@8a€9Bhi rabkEe presenesy of wdie diddnimpeel edor iron
of which the thickness increases with the reaction

ti feliBgskExanple 1-7 - Preparation of a filmon a gold

pl at e usi.ng di [ S ed. bn Sitil, j
By "an 1 FPAdi Hed UBE RenBrta TS TS pFatSSar gof  the
i derpeeakdt ¢illhgt ttfe extaigdresds lof Amhichadhareds@¥Dwith the
menbrane (2 ¢n2, thickness 9 pm electron irradiation
do¥Bactpenk & Mewas substituted for iron filings. 5
The IR anal yses confirmed the presence of the
expected film the thickness of which increased wth .
t hBxamplet Tof ti ReepBragploa pfga fpdapgna®y gelief pdate using

10£LInHonZ% gold ghgtefggggh fﬁ)gigﬁafﬁnkﬂg}ﬁgggeﬂ$ﬁ of iron
prgﬁggﬁgsis identical to that of exanple I-1. A glass

pl ate was used in this case. The IR spectru confir
the pre3BRcETrEFOcRe éﬁx&ﬁ%ﬂ?%qq¥nt%f€QﬁFcﬂglﬁgam?gew%'l' A

thgiéggss hocLeages Widdh the, r @Rl OBakel®. TR MR € spectrum
1-9° - reBaratlon of a filmon a nickel plate _
confirms the presence of the expected film, of which the

15 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

20 . 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.

25

Example I-10 - Preparation of a film on a steel plate

(AISI 316L) using a diazonium salt prepared in gitu in

the presence of iron filings

The protocol is identical to that of example I-1. A
30 steel plate AISI 316L was used in this case. The IR

spectrum obtained {(figure 5) confirms the presence of the



using a diazoniumsalt prepared in situ in the
presence of iron filings 20 The protocol is identica
to that of exanple I-1. A nickel plate was used in
this case with a reaction tenperature of 40 C The IR
spectrum obt ai ned (figure 4) onfirnms the presence of
the expected film of which the thickness increases
wWth the reaction time. 25 Exanple [-10 - Preparation
of espéctedofiiamst ofl whliathe theAl Siigustys ubrpgeases with the
di azonjumsalt prepared in situ in the presence of

i rERAFFFPHgE ¥Re protocol is identical to that of
exanple I-1. A 30 steel plate AISI 316L was used in

this case. The IR spectrum obtai ned_(figure 5 .
coBkarpket Belpr nsBEEBaKRtinge of aptéééng ﬁiﬁﬁ%mgpd using a
whj hieGhReSs deAses WitD tihe cHeasté ndd Be iron
S Eabgrelfuly bAIET PO RASR Ml S e
usfbgings5 di azoniumsalt prepared in situ in the

presence of iron i l,i ngs, The protocol, i.s | denti to_
that of TRRaRpPECFOL. 18 %&%ﬁﬁ%4%1<ﬁ%u&%%Fm%g %%é@sﬁﬁ -1 A
thhsecase s AniAmbhimaess (ke@ursn 6rheenféds®. t e AFM image
presence of the expected film of 10 which the

t hil Ekgeze Fhcronfexmai thet BEeFEREEi 6F tifesxpreted film, of

profil Li IS 4 e S e fidiMe. The
1001 Py B Eher EpdORPEEk® (R o TR ERe ractier i

Expiplte 1bhetricPaepdyatisorsniwa fhe npoesengel dfpkheefilm at

usi ng a diazoniumsalt prepared in situ and 2-

hy 8h8x §ELR#CRet hacryl ate (HEMA) in the presence of

iron filings

II - Adhesion primer and wmonomer

i5
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

20 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 HC1 (0.5 M), in order to form the aminophenyl monc

diazonium salt. 1 ml of HEMA, then 200 mg of iron filings

were added to this diazonium salt solution. A gold plate

25 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)

30 and IR analyses confirm the presence of the film expected,

of which the thickness increases with the reaction time.




204 M of a solution of NaNO2 at 0.1 Min water were

added to 4 m of a solution of p-phenyl enedi am ne at

0.1 Min HCL (0.5 M, in order to formthe

am nophenyl nono diazoniums . 1 nmM of HEMA, then

200 ng of iron filings were added to this diazonium

salt solution. A gold plate 25 was then added to the
reaction nediumfor 15 min. The plate was then rinsed

i nFagtize W t lshaoist ohbe alRl spebitetmedof o aul pRaseuRif ¢er the
DNE an thEn in water before being dried. The XPS

sp EERORER y (X phot oel ectron spectroscopy) 30 and IR

anal ysegsap0af i3r rptdiei de@sSBeTewOokoimba nkisl a exgecbed thickness
of which the thickness increases with the reaction ,
ti ¥alupgs mRjEaes shENs t kBe| RSSFECt IXRRIPNES pl YPen  thelr
SafESECEB%rﬁkﬁgﬁ%”enEheTagkﬁoéuQ%°V§Q$@ be) oW GRIMIARRINE  of
a set of thickness "val ues obtaine or the sane

r edgénngswwemet karied5 concentrations, the exposure

time or the amount of filings were varied. HEMA

Diazonium Tine (mn) Iron (ng) Thickness (nol.1-1)

(ol Ee@p (NM) DiBz8nPu®b] Tidl0 (dlh) J. ¥rB8n0bmngd 2P0rkitkness

0/9 0.05 5 200 90 Q0.9 0{05 10 200 140 0.9 0.0b 15

200 (86-10? 45 oltd511720p < 10 0.48 0.025 3 20p 20 ™™

0{45 0.025 5|200 40 0.4b 0.025 10 200 90 0.45|0.025

15 2000‘1920 a.9 06.0055 10 b < 101 200 10
0.9 0.05 3 200 50
0.% 0.05 5 200 90
0.9 0.05 10 200 140
0.2 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
10 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

15 To show the influence of various parameters on the

thickness of the organic f£ilm, the method was applied to




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 10 The increase in

the exposure tine, the priner and the nononer
concentrations, and the anDunt.Pf filings, enables

the thickness of the filmforred to be increased.

Exanple 11-2 - Test of the filmthickness 15 To show

the influence of various parameters on the thickness .
ofat treold garliat,i | Mladesl minhotheaspeppenesl tof 7 golution
gold plate, placed i.n t.he pr e of, i : :
dortaPaihinah Binadibd TR TERIRAS Dk dntAokheaYigiazontum,
angna avnenemerHENAMAUNdABeROAcAFelbtaebenkendkbal conditions
conditions allowing for the formation, of a radjca

entii9wbBgedodn W HPHIHe PN hr Amerdiffis THot e Raged on
s MOEhyat GankA; oRar ?r‘lﬁ’”e@r byrie ROESEACE Rhs motivated in

characteristic abSorption bands at 1726, 1454 and

11pérnivolathéypdtlye HEMAsenceolaft | ohavichehbst b absorption

primer in repgr by_addi 4 0

b LR I & o?@anﬁgi."'lé‘-“4°glgﬂﬁo ?&}’ E{gﬁ'ﬁ'm

of a soAubboOtabnOck Mdiesti®rd pimes) Di water was prepared

p-ghenqunedianine in HClL g0.5 M, under agitation. 1 -4

m by (@884 ngnot eB) off HEMACAHEIGNGATI Y#MPe Hkr & -dddbd(4-10
10?%65%;%) £ ‘H!rf?i‘-o%5a2's]ol'di:|fi'di€ gf 1t B (42a%* Ofloles) of

tinme e solution was then placed under non-

el pephenheehediamdndi tino®<Clal (M MY f oundée agitation. 1 ml

of radicals on the hesi gn_pr.i oer addi ng 2 .

of (Pr A MRPLERYSOLTHENS BP8 ARECLHeR LAS RS FOMCEREO this

reggt{10nok0 nedi um and i mediately rinsed with water

then acetone and dinet hyl f or mam de (DMF) under
ul trasound, and finally

15 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

20 medium and immediately rinsed with water then acetone and
dimethylformamide {DMF) wunder 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

25 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

30 profilometer: it ranged from 12 nm to 200 nm for an

exposure time ranging from 1 to 15 minutes.




dried under an argon current. As shown by the IR
spectrumin figure 10a, the tinme of exposure of the

sanpl e to the reaction nediumhas an 25 influence on

the thickness of the film obt ned. |ndeed, the

increase in the intensity of tt?e absor pti on bands of

the HEMA at 1726, 1454 and 1166 nm i ndi cates an

increase in the thickness of the filmover tinme. The
cheknEsﬁluéntbeoﬁInnnw&&ﬁqnxnnhamﬂQEir@P@@lgoonS allowing
prI ”in 2 nn1£R Z'thgigﬂrpfﬁmer

exy
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shown b th IR s mip fi 10b the nt
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'nEhHSHEeoﬁnlibﬁ Eﬂlih@@sﬁréﬁehhelhlEﬁbobéabm&dn Aeﬁﬁum has
m ni mum anount of filings is necessary in order

geEeratmflemm paditd® sthacknessesd i e mddildnm ‘E’ﬁﬁamed' A
b t o r [o]
oo SRS, Brot L RS SR oxcer

ness. a certal n raxi mum
amgentratefl ehongh, rddiealar it ivns reachicknvedivh gpd make

filmobtained are 15 negligible. anp le_11-3
PréEaP&ﬁﬁéPléf§9qu§ﬁ%ﬂ1%iékﬁ%t%@E? uSfngn IR-detectable
cogpeLkhak p'ﬁéf&ﬁ@eayuﬂfﬁg¥ﬂUﬁhﬁﬂﬂuﬂEM%ddhﬂhef filings,
presence o? iron filings 20 The exgerlnent was

cobtect ealr fatous ng.it othhekngest cebl thescEipBg phrained are
exanghe 1#92, usi ng commercial p- nitrophenyl di azoni um
L5 APGPHCHER)F "sol ubi lised at 0.05 Min

Example II-3 - Preparation of a film on a gold plate

using commercial p-nitrophenyldiazonium and HEMA in the

presence of iron filings

20 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

25 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

30 the reaction time.



an HCl solution (0.5 M. The gold plate was then

imrersed in the solution for around 15 mn. The plate

was then 25 rinsed with water and acetone, and

subjected to ultrasound in DM- and then in water

before being dried. As above,’the XPS spectronmetry (X
phot oel ectron spectroscopy) and IR anal yses confirned

the presence of the filmexpected, of which the

t hegknpse iTEAeasesPwépdratdion hefr eaciidn tqnmea 7@eld plate

Exan'ple 11 - earatl on O%tl I _mgn .':.

ﬁgg gegbagh%he procedure is |dent|cal to that of
WSOBM of a NaCH solutjon at 2.

10 3 M Weeeprogedureutied fdantirad red ERRFngs rePfaB‘P&& 1I-2.
to aIIOM/for sli | n e to,abpye 4 were
Th8 - XPS &ndol albgag%es g%ﬁ??l%lit’ heé'{]preis)(:%mgxof Qltghe
fikioexpecited ffr Whehifdre fmnkgnessm ordenste wilipw for a
the 10 reaction tine. Exanple 11- Preparation of a
fi ehighta IB6KEAEE V& % BEh el QXﬁ g a di azoni um
sall cregbeded aild Ltc;@néina@yéaéleoﬁgmm(eﬁ)e prelséice of the
presencé of 1ron filings 15 The exanpl e was perforned
acEanei repea tefts, mﬁ)C\eldmle thesthibkaeFR ARgFSAESE With the
The nonaner used in this case was acrylic acid (1 m)
L0and S 19851 Sias constituted by carbon felt. The

XPS anal ysis, as shown by the spectrumof figure 20

11, confirms the presence of the xpected film .

Ex &nsimp el - §1- 5Pr£nﬁmpamtépnn ks a_ conductive

goI d rkpc! at ﬁqfé' ﬂg;ﬂgd'aazﬁf]éﬂgh§%t sRnepaseshdd SiihU,situ and

EMAa t—thnepresence of rron 117rngs 25 First,
a mc&tﬁmacmcepme)d iamd et quresknes 0pHiHPED fi1ings

15 The example was performed according to the procedure

o

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

20 11, confirms the presence of the expected f£ilm.

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

25 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

30 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.




the procedure of exanple 11-2. A new solution of the

sane di azoniumsalt was then prepared and, to it, 1

m of acrylic acid, then 200 ng of iron filings were
added. The pl ate previously pQﬁpared 30 according to
exanpl e 11-2 was then placed in the reaction nedium

for a variable tine, at the end of which it was

cl eaned and dried as described above. 80 Figure 12

shows thibghRespacshowsolthe Fd frestwueohtpingd Hprefuch a

15 m putes of reacti.on. The gchar risti b o4
(rRTARE EoRR 1 B8 A B ref ) TSRCTR6h arif g 260 Tagy oT 1otie
appgafsOBft RBeSpest r Wowfl iexamie Polyméxanpteliso7and 1253
Preparation of a statistical filmon_a _gold plate
ushMgaBPEREZOR GhEsEPEChFEfaPédeFA™RIPUZ - HEMA and AA
5in the presence of iron filings The procedure used is
identical to that of exanple 10 11-2, except that 0.5

m ERémpley|IT-Ackd Farepaaiinin obf EMAL@akietigadd fiidm on a

the diazonium salt sol yiion,, The IR speetiimsohtaied mema

Jd L) ]
2 iE Fesetrrce ol

thsneiﬁﬁpaﬁdtaéépkébeé@b Hifl Mrogomsiligised i n
pa y € TWO nbnoners., -xanpl e 11-8 - 1
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fi HENgS welreeaddedi spetieodiazohinm galt2@ojution.
vinyl-pyridine in 10 M of water, .prepared b . . s
ul t rasodh@ t%a??%%??u%?ét%a’ag‘a 5 fq'ﬁwélzo I%{U%Q aFg 13¢ 1t
Sol.WiedRmar PR edraceakd Ngs t enexaide-tldd 2statistical film
containing a gold plate. After a variable reaction
ti wenstheutlest dn panthienlaedyedhendFWh MENORESSdi ng

15to t he procedures

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 dispergion of 1 ml of

20 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

25 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.

30 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




25 descri bed above. The IR spectrum obtai ned for the

plate is shown in figure 14. The characteristic bands

at 1602, 1554 and 1419 nmvalidate the presence of

the expected film 30 Exanple 11-9 - Preparation of a
filmon a glass plate using #Yi azoni um sal t pr epar ed

in situ and HEMA in the presence of iron filings 81

The protocol is identical to that of exanple 11-2,

except Thet paogbaed pleatiddentigal ta thas cdscexanele RII-2,

spectru hown_in, figur 5 confirps.the .pr ce of

R B TRt 11 o rRebEar e hecusst it EiBoCREE! caves

Wi th thehe ea® | epetiiram Exiediph € il - $¥@gurBr epar aldrfirafs  the

a filmon carbon nanotubes _using a diazopium salt ,

prRfRFRECE n Ofi t than®XaEMk e £heM pidientBiEknppEn ©f which
5111400805 200 O RE +EQB:{bL! Pgfeand 1 m of HEMA

were added to a di azonium salt sof ution prepared as

indicated in exanple 11-2. Then, 100 ng of nultiwal

f?ﬁpgn. angt upes _n_EQe orm of a carpet mggg’gddggnotubes

a¥a \ A
A

clganged acerbdicidud ddiee JdPepiPé@COh @g%6s idiRll HEMA in the
exanpl e 2 before being dried. The photographs obtained

by, © 1 oscopy (SEM, shown in

figure rres to t s, before (finglr

1016a) an%@%fﬁgrcﬁfﬁgﬁgb g%%; a%r%ﬁ?n%n?% fg é&ggg|§ere added
l1edla Siepanadtmorsadft asbilhimion prEfEEddetborindjcated in
surface_using._a diazoniun1sa1tqfrep re

d j It d
FEREATPRS { RABr cdBAZe dO4 Mh 91 [ TRGSIHR I gprhoR nanotubes

solyt £RR ebrMabNE? AtcfdpktMidraai@dedets tBRbsaddedttion. The
4 m of a solution of p-phenylenedian ne at 0.10
layer, after reaction, was cleaned according to the

15 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 16Db)
treatment.

20

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

25 added to 4 ml of a solution of p-phenylenediamine at 0.10
M in HC1l (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,

30 the plate was then rinsed in water and acetone and

exposed to ultrasound in DMF, then water, before being

dried.




5

10

15

Min HC1 (0.5 M so as to formthe diazoniumsalt. 1
m of HEMA, then 200 ng of iron filings were added to
this diazoniumsalt solution. A Teflon(r) part
measuring 4 cn2 was thenilﬂrégumed to the reaction
mediumfor 15 mn, 30 the plat€e was then rinsed in

wat er and acetone and exposed to ultrasound in DM,
then water, before being dried. 82 The spectronetry

and | R ‘Bhel gpestbingury ami EBnahRAyshRe pfégureeld) confirm

t he, expected fil he thickness. Leh, e ;

w EnE: REShEfer 8f o= BepkaiEath, "Pbe  tRBRAERRTEE which
of ihbeegBEBOWitn dhef eeaBtionannmes The met hod was
successfully applied to a large nunber of sanples of
various types, and different nononmers were used. The

di g£OMpY A S.@—t],ijs—e.dAbE)l.tiI&'a?\ti%Ql eXANphe WA HYEPesediifferent
si touSTng—p=phenytenedram ne. — The resul ts obt ai ned

f osampthst ype of sanple according to the nononer are

shown in table 4 hel ow. For eac t e

t est ed, %Pﬁe 'B?'ég‘éacew%? t%léc%‘?%%ﬂﬁlg{yf mgs)&vzcﬁ fi%q 1279e
uUshisibkR SpECt reamph®sSupppr tvabiener Tipes(nm andri lahfferent
Gold HEMA 15 yes Gold Acrylic acid 15 yes_ CGold . .
Achonemersi | ¥exe yesed 5i [Thon AiareniHmpnsatyeesed in this
Si Lj [ ryvlic -ac.d 2 . Sili L amine .
AcPEERETRE Sebareaiit ity BB s, - pRentiktedian
AcrylicTaei dr3@ules Ahtrdimed Acfgl oneach| etgpeyeof

according to the monomer are shown in table 4 below. For

sample

each of the samples tested, the presence of the organic

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 yes
Silicon wafer Acrylonitrile 20 yes
Aluminum HEMA 30 yes
Aluminum Acrylic acid 30 yes
Alunminum Acrylonitrile 30 ves
Nanotubes (c) HEMA 15 yes
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



Nanot ubes(c) HEMA 15 yes Nanotubes (c) Acrylic acid
15 yes Felt HEMA 15 yes Felt Acrylic acid 15 yes
Felt Acrylonitrile 15 yes Platinum HEMA 15 yes
Plati num Acrylic acid 15 yes 8 Pl ati num
Acrylonitrile 15 yes Stainle HEMA 15 yes steel
Stainless Acrylic acid 15 yes steel Stainless
Acrylonitrile 15 yes steel Zinc HEMA 15 yes Zinc
épr;/dﬁimuaxci d 15 pesyldingideryllgnitril e 15 yeges

I tani_um _HEMVA 15 Titanium-Acrylic acid es
Ti%%ﬁﬁ%%%?ﬁcrylonﬁ%ﬁ?le 15 yes ]ﬁfciel HEMA iié?is

Ni seketl Acrylic acid 15 yes N ckel Acrylonitrile 15
yes, o Moed HENVA 43 yes: . Papgr HEMA 45 yes  Cotyon HENVA
45" yes eflon o H 30 yes Table 4 Exanple 11-13 -
Prepeglati on of a filmon surfaces of different types

gg%giﬁle@se and _EAEE?E‘J;MEHl@t e);for the 5 sapes

ution

steel _

Zinc HEMA 15 yes
Zinc Acrylic acid 15 yes
Zinc Acrylonitrile 15 yes
Titanium HEMA 15 yes
Titanium Acrylic acid 15 yes
Titanium Acrylonitrile 15 yes
Nickel HEMA 15 yes
Nickel Acrylic acid 15 ves
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

same 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 HCL
(0.5 M). 1 ml of HEMA, then 200 mg of iron filings were
added to this diazonium salt solution. A gold plate and
gsimultaneously 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.



4 m of a solution of NaNO2 at 0.1 Min water were

added to a solution of p-phenylenedianmine at 0.1 Min

HCL (0.5 M. 1 m of HEMA then 200 ng of iron

filings were added to this digzoniumsalt solution. A

gold plate and 10 sinultaneously a titaniumplate

nmeasuring 4 cn2 were then placed in the reaction

medium for 15 min. The plates were then rinsed with

vvater amﬂeaspﬁonepmanuysabﬁedﬁeaﬂﬁéYSﬂSt r&deywae i4§) confirm

then wat er Qre_bei ng dr e trates.
spEP‘Fr Bﬁﬁﬁﬁycgngf L&ngfc?sczt% |fd§ﬁle f%%) E%n Momthe TTaves
presence of the expected filmfor the two substrat es.

Exanpl e 11-14 - Preparation of a filmoqn a glass plate
5 BxPAgls dﬁ%ﬂrﬁunng&rﬁparaﬁmnr@ﬁ id SALE ﬁn glads® plate
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gl %‘ﬁ% lﬁie%@&dr@ﬂtatféas(M) ph@- Qlceameddfy watiqrr gnm‘la@ared by
sol utlon treatnment (i.e. a mxture_of 60/40 by volu c
of ul¢greenndat sersul Added adidl dhd et zé?md%@ge%a&ted Sflution

110 Vsl T Hid IbAe i a glass
elpatrléﬁ?chﬁltnr%r c‘%efﬁgag{ﬂand fcFrl ed accordin ﬁﬁg g
t h@maduateshadebeemqura@keane/d sle)t at &pin at"he?PlUtlon

performed on the glass pla thus e
andF & tNeHS stfheeggl ags P 8&%1 euse &gﬁ%é 9’3’" voline  of
(f 'cgﬂ'{ceen]t%:aa)tedb‘ shaegeiin dher phyai e@te&o @xp@@maye@f at 110
ass plate thus coated, which becones
Watve:rlurra;dl | exfiteram b%a@bé,@flv'éélmﬁyotfhéovéﬂrﬁ’cq% ithe plate
t he, face _an €9 b en.t s a
Lol EPeE- ag"@'ﬁfep%%’g?l%%l%? 4cfR it 2&5033‘@2@%%03 ures

25 &@ﬁﬂqoeajcagﬁwm al i nk nask based on a di azoni um
sal t

A spot test was then performed on the glass plate
thus coated (figure 19b) and on a pristine glass plate
used as a control (figure 19a). A change in the physical

20 property of the glass plate thus coated, which becomes
water-repellent, can be observed by the variation in the

surface angle between the drop and the surface.

Example II-15 - Preparation of a film on a gold plate

25 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 f£illings

The protocol used is identical to that of example
II-2 for HEMA and 5 for AA. Prior to its introduction to
10 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®).



prepared in situ and hydroxyet hyl net hacryl ate (HEMA)

or acrylic acid (AA) in the presence of iron fillings

The protocol used is identical to that of exanple

11-2 for HEMA and 5 for AA Pré r to its introduction

to 30 the reaction nedium the plate was coated wth

a mask: different patterns were produced on the gold

plate using a black-colored ink felt pen '

( St aedt REEEN) reagbdonor ChE) Plase MBSewassigek Whth wader, DMF

pl ate was washed w th_water, DM-_and et j r
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The surface was then rinsed again with acetone, 5 .then
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shows the presence of cross- 10 shaped pattern and

fi GOrES M CIRETEPING ‘pattern, which are not

cover edThy tdwer UGN Cmbpbihght (IR/AFM)I adistaithedicare shown

measurenment, also, the areas in relief correspond to

noAngrfdfquxe a2 @asFiguseERAApISNIOME e PFePERaE; B4 & cross-
102 fs'l':llza.ﬂge%f1 a??lagnplgﬁg 9 3o Qhoﬂﬁskaﬁé§ﬁgr°%aﬁ:tern,

di azonium Sa prepared | situ and acrylic acid (AA

i nwhiiehpr asenceoof dovered i byl nghe Thergamiocdlilmediits is a

identical to that of exanpl 20.11-15_. Prior it .

inﬂ?%%ﬁﬂﬂ%QE?QQﬂ(JmFﬁéquﬁ@FEUn REgPum 1§ d?ﬁ%ggf 13 relief

| ORGrileaigerCi®) ifhanelfited rdasol uti on was

deposited on the plate, and the plate was treated

after evaporation of the ethanol. After the

15;;%% if-—e:l,gl ?—E%i‘@afé‘@{br‘fl Simeag fﬂgm %@1 aé.‘a@f;l%d plate
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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

20 II-15. Prior to its introduction intc the reaction medium,
a drop of long-chain {C18) ethanclic 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

25 analyzed as in example II-15.

The IR/AFM mapping is shown in figures 2la and 21b,
which respectively show a three-dimensicnal view (a
transmittance measurement, also, the areas in relief
correspond to the non-grafted areas) and a planar view of

30 the plate (the 1light area corresponding to the non-

grafted area). It can be noted in these figures that the



The | RF AFM mapping is shown in figures 21a and 21b,

whi ch respectively show a three-di nensional view (a

transm ttance neasurenent, also, the areas in relief
correspond to the non-grafted eas) and a planar view

of 30 the plate (the light area corresponding to the

non- grafted area). It can be noted in these figures

that the 86 areas that were covered with the mask do
noaréave thatyr wered ¢overedExanple thelmaslpr dgarBpromave a

2 gold surface 5 having a thio
n1%F%E#?ﬁlgﬁ Trask based on a di azoni um salt prepar ed
in situ and hydroxyethyl nethacrylate (HEMA) in the

presence of iron fillings The protocol used is
i dERePRAe A3 -gHar Jtrenayatieon 19£1a fidmyon a;geld surface
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| STCovered WirtIT a (Nr O mMasSK USI ng a PLUIVD
(pshyﬂlpeeparedlmnaserubahﬂehyﬂawxyqthydme#@apwwlate (HEMA)
patteEHs and reV|_usI regnated with a [ ong-chain

he plate was treated

after eMAPPraftiRd10f usde ekharmint & Af ter v of example
treatnment, the plate was cleaned and analyzed as in

ex&ﬁpﬂé 1Prigr FRe LABMLAEEBARG LA ONS ABRKE tHefFﬁepélffamedlum,
the reaggﬁg oég@tﬁgogrg&aﬁg Sgrf@ﬁfcfomﬁﬁﬁpoﬂg§n5° a PDMS

rlangu M crometric patterns
apmpanydgmenhym9126xbnébebuﬁﬁdrlhawuggrmlzzbmewmuchpatterns

sho mcrometri.c patterns co res nding to Lin a

trﬁﬁ%nlPFEH&@US&Easdﬂgﬁﬁﬁ atg%,o a?eagopﬁ Fgéﬁéf (C18)

CoéEﬁﬁﬁB@.S’Lct ok i1 %Q:fhﬂ:&%fd edTﬁé e%ﬂ)ate?5wﬁéan®f@ted after
11-18 - Preparation of a filmon a gold plate wusing a

di a¥veppustdant ofr Shepathapedzyl ami ne, prepared in
15Situ in the, pregence, of (HOR: POT oS GLAGLL ONydd M 3 ALRA  and

analyzed as in example II-15,

The AFM mapping is shown in figure 22a, which shows
that the grafted surface corresponds to the reverse of
the triangular micrometric patterns appearing on the

20 buffer and in figure 22b, which shows micrometric
patterns corresponding to lines (a transmittance
measurement, also, the areas in relief correspond to the

non-grafted areas).

25 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
30 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.




PVDF nmenbrane and with acetonitrile (ACN) 4 m of a
solution of NaNO2 at 0.1 Min water were 30 added to

4 mM of a solution of para-benzylanine at 0.1 M in

HC1 (0.5 M, in order to formst e diazoniumsalt. 87

To 4 m of the solution containing the diazoniumsalt,

were added to 4 m of acetonitrile (ACN). An electron
irradi ated PVDF nmenbrane (2 cn®, thickness 9 pm ' )

el ect r ofici r&r aWlil atdfontles o OO NGy FoRE318EBTt | &hig ediazonium

for iron_filin resented in e : | es,
go?ﬁétpl a‘feer?/vasacgieecﬁ z;%&de trgit héepreaége{glmc;{nl%e%llrgjme@grhﬁ' An
15e0e8trodherphat eteas pvbenmemkseade M(2watd; whtbkness 9 um,
acetone, and subjected to ultrasound in DV ﬁgd tgeg qa

a BASFEYSRJATTSGGLION I3 a pRP=-k&Y] Jps sspgstituted tor
de onat ' 10; anmiRe, e BebRgldii.eda gold
STREETR Ay e Bonrrreed the brosence st rho® o
expkatedwhis| mheof added thethRi cleredsdmaredivdy {PrhlsS min.

the, reaction tine._ 15 Exanple 11-19 .- Pr at i
2 FHPmERSE o8P piafe TURS ol AASRnRar, F7gner and
paganbepzxhanideulpiaRaued i in MR hAdt hether eserisesbé  soda

nanogorqus el ectron irradiated PVDF menbrane and with,
acepcéntiph| WitACK) PH m %P §9s8PutPoRCBroRRREFCathg Primary
MLp:wate d o4 m of a solution of
lopaég}ﬁghz§ﬁgﬁgﬁeb§?ng.%§%Fhrn HCL (0.5 M, in order to
form t hehdi azani amadgises Teohfilrmed t thesolpueisemce of the
contai ning the diazonium, salt, were added to 4 .
ac@FBﬁFFF%Ié N Vblqﬂuih%rBﬂﬁch%8§r5HCFP?§g?a$égh the
PVDE reiBraRgme2 cn2, 25 thickness 9 pm electron
irradi ati on dose: 100 kGy, fluence: 1010 pores/cn®,
pore dianmeter: 50 nm was substituted for iron -

lei &Q %1%r%%¥E§d_i$ﬁéB%JéH£EH ofX@m%ffm on a gold plate

using a diazonium salt from para-benzylamine, vrepared in

gitu in the pregence of nanoporous electron irradiated

PVDF membrane and with acetonitrile (ACN)

4 ml of a solution of NaNO, at 0.1 M in water were
20 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?,
25 thickness 9 pm, electron irradiation dose: 100 KkGy,
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
30 for 15 min. The plate was then rinsed in water with

acetone, and subjected to ultrasocund in DMF and then a



A gold plate was then added to the reaction nmedium 30

for 15 mn. The plate was then rinsed in water with
acetone, and subjected to uItrasound in DM and then a

88 basic soda solution wth %éj 9.5 so as to
deprotonate the primary amn before bei ng dri ed.

The IR anal yses confirnmed the presence of the

expected film of which the thickness increased with

t heas bcr eadsi splukien migiplee pHL-20° -5 PPepad atPoAeprokonate

filmon a oId ate . u di az n| salt r epar ed
|nt§?tﬁr?ﬂ the? ﬁ}ggen%s 05% g?ec r%n %gladlateg P@DF

nmenbr angpandy tanamwlasc cdffaemndd( ABhe 6pTeskenck aof the
sol uti on of NaNO2 at 1 Min water. were ,added t

nl espeated| Giilon &F ﬁ%@aéﬂﬁl%%ﬂ%&s olﬁcrﬁﬁ‘?ﬁg%iréh the
(0O, n er to formthe diazoniumsalt. To this

> Fg?g%%Ohmggégadded to 2 m of acrylic acid 15 (AA

and the resulting solution was bubbled with Ar for 15

n1n under |nert atnns-her-”

'rﬁgghgth0@f$¥8%1dHX§é%%0 ﬂﬁépaﬁé@sihtbhed ﬁﬁrthbomresence

fitTngS presented 1n the Tormer 20 exanpl es. g
pl efe sbsctien sduediedechePVRECIIRMIIRG]; BR: g ltala acrylic
10mn ugdeé Enert at nosphere (Ar) . The plate was then
ri er with acetone, and subjected to
ul trasognd hef efeabeiolgmtdriredf Nadid,Ra&ndl.is#k in water were
confirnmed the presence of

ected fil
vmaé‘#esihéqrﬁ TR oF a  BaLBEL o, RE: BETor BECAYRTRE, 2C 01

g:i 5 BhePandigreia Ot A forinor @igeichipmisalt.
u5|ng a azonlun1salt prepared in situ in the

presenc@o 3Muief smaammp&mueveelee@tdd@td it 2dimek &f pgFylic acid
lsneq%Asne %ydthe resulting solution was bubbled with Ar for

15 min, under inert atmosphere.

2
An electron irradiated PVDF wembrane (2 cm,

thickness 9 um, electron irradiation dose: 100 kGy) was

substituted for iron filings presented in the former

20 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

25 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

30 of nanoporoug electron irradiated PVDF membrane and with

acrylic acid (AA).




acrylic acid (AA). 89 6.5 m of a solution of NaNO2

at 0.1 Min water were added to 6.5 nml of a solution

of para-benzylamne at 0.1 Min HCL (0.5 M, in order

to formthe diazoniumsalt. To8 his solution, were

added to 2 ml of acrylic acid (AA) and the

resulting solution was bubbled with Ar for 15 mn,

under inert atnosphere. A nanoporous el ectron

i rradi abes RYDBfmanbrantibn ofnMaNChi 8kn@sd ¥ pm water were

el ectron irradi ation dose:, 100 k flue X

poRGIFRNEO ol 1th et RrSOBI A WASPTOHCHBLEYIGNeR 2¢ O3
fofr khoRchi libngsmpr esanbedern tbheckor ke dészeplian salc.
gold plate was then added to the reaction nmedi um f(ir_ ,
15 nin Gadshieneplusiepspiere pAARd FRe 2pfdt Ofwgsrylic acid

stlg?gw nged ﬁg{%gﬁésﬁlﬁgﬁgegmga it Y edwion ar for

rasoun or e ried. The IR anal yses
conbi mie¢ thdepr dnemte adfmosipherexpected film of which

the thickness increasedq with the reaction tine.
Exanpl e?1 133OROES) 5 LA 0o O8F Jar¥"f‘$?‘r?5% a%‘fc‘ﬁ rﬁ%g?]éane (2
UsiRg, acHi BzABEEMoSalnt, SI&PaFed iprsfistiont Hese: 100 kGy,

presence of electron irradiated PVDE nmenbrane and

wi ERugoepl:i ¢ 103%i dpOr@y/ and ace?®Ri t ALRESERAEN) . 58 m) was

of _a.sol.ution of Na t O.-L Mdn FeWY €in25% he former
10ad&8881%&%2tﬁ% 0%05 's\%??f?i o%lo El'ar \-é%tg%zyl am ﬁlél at %. 1O

M eikBmpgCes(0.5 M, in order to formthe diazoni um

salt. To 4 ml _of_this soluti on,aﬁr addg?1 to 1%tm Ofmedium
acet oni fr i[9G ABNJTANUAS HOSOY egffian 8 ERAF- e

regld | %ﬁ fobuti o was nbhen bibiede e t Rady .forhdSplate was
mn, 30 under 1nert atnosphere. A non porous el ectron

i r taeinat ednBYBF imntwater (ith acetone, and subjected to

15 ultrasound before being dried.
The IR analyses confirmed the presence of the
expected £ilm, of which the thickness increased with the

reaction time.

20 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 (AA) and acetonitrile (ACN).

4 ml of a solution of NaNO, at 0.1 M in water were
25 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,

30 under inert atmosphere.
A non porous electron irradiated PVDF membrane (2

cm?, thickness 9 pm, electron irradiation dose: 100 kGy)



cn2, thickness 9 pm electron irradiation dose: 100

kGy) 90 was substituted for iron filings presented in

the former exanples. A gold plate was then added to

the reaction nedium for 15 mpn under inert atnosphere
(Ar). The plate was 5 then rimnsed in water with

acetone, and subjected to ultrasound before being

dried. The IR anal yses confirned the presence of the

expest sdbbinutefl foirchindre filiogresprésereedednwihg former
the reaction time. 10 Exanple 11-23 - Preparation of

a FrRPofi®a gold plate using a diazoniumsalt,

preparef ige19 i3l ddk thgs PeRsANGRded tNEhorenstion medium
el ectron irradiated PVDF nenbrane and with acrylic

ackdr( A% wmhd avsiedhi iRPFE @ACNSPherey gprys Jhe plate was
5SOLHERON: Ofc DN, Bty el MisRrnaLebruee  addedigidieed o
m a sol'utfron of 'para-benzyl am ne at 1

( OudtMhsouhdobeébreobkdnm tirdedi.azoni um sal t. To 4 m

of this_solution, re added t.o 11 m  of t r|I

(ACN) anBe2 AR of"n\éﬁa’?ﬁ Sc SOPEIERRS ttﬁlg %rsé%g{ucll ti r?gE the
soby b%@eﬂa%lhﬂﬁnd%“%ﬂfﬁhmtﬁé &hiéRhedb HhBreasmdewith the
i ner{ atnosphere. A nanoporous electron irradi ated

PVBEagtinatdme2 cn, thickness 9 pm el ectron
irradi ati on dose: 100 kGy, fluence: 1010 pores/cn®,
pore di Tret [-izfo—n?xe,‘%?asna,, 1osr¥b8E tautfgl&obnl ré’”gold plate

fi S e eXanpres.

pl %ts@.n\ga% tcﬁ%&cﬂ’dﬂﬁd 01 ¢ hepfepafe@nmeémt:m 1ﬁ10rt1’ﬂas presence
m M under inert atnosphere ( The Iate vva% h
ri efedaneRals Gecren n-hsra mtedh XDFQN ra;l@ Tnd wit

ul gy %?ﬁli'?:d RAL' @BeiME ‘yde%%nltrlle (ACN) .

15 4 ml of a sclution of NaNO; at 0.1 M in water were

io

D

added to 4 ml of a éolution 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 (AR), the

20 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

25 gubstituted 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

30 ultrasound before being dried.



91 The IR anal yses confirmed the presence of the

expected film of which the thickness increased with

the reaction tinme. 5 Exanple 11-24 - Preparation of a
filmgn a gold plate wusing cq rcial

p- ni t ophenyl di azoni um and 2- I‘#]yglr%oxyet hyl met hacryl at e

(HEMA) in the presence of ferrocene. At 2 nml of

di met hyl formam d (DMF) were added 0.04 10 nol e of

f err ocefbeandRl mhadyspEMAce8figmgdy) that presence of the

solutio r.e.adde

ni?FBﬁﬁgﬁéegﬁ&Tmnl%mWQﬁqQﬁEuor%gor %e sofn?f%%SEd with the
DVFeaAtiggl dipkate was then added to the reaction
mediumfor 30 mnutes. The plate was then rinsed with

DMF, acetone, and 15 subjected to ultrasounds in DV

5( B%ﬂﬂigs)lﬁ% then 1584 d' SE€LONE; ief 8he Peyss%d plate

TR aftaryses conrT1im tne presence or the

fi hanngxpect:ed\memtmﬂl ch pheitbphlemyddinzondages wisEig 2-
the Cjlreactltn ti pol -.E o_, 8Lence of

'l‘

speg&&ggbgg a plate after the treatnent The sane
reaction was performed with acetone_and

di met hyRt&ulZ oxl def( DMBTpthpLipxpapi@ (PMF3 were added 0.04

Pre rati.on th urf-a f 3

T o T R i e

ph@btlumhemyl dhn@?t@nl umdaiedt butzyl matlhacrofl at @ (BUWA) tqle  p-

the presence o ferroce e. wer.e .

suBjiécoRleny 1 erasd i d tirad gy Bhotardyae LU e i DM B

Sog%tl'dorbl"?c% agededrRefll agliea 9 Lﬁhé)nre@étBbWAmaﬂdum for 30
nol'e of ferrocene. The resulting m xture

st mimededur iThg Plateumes dhen rdmsed 5 b M apFE@:?nef and

15 subjected to ultrasounds in DMF (3 minutes) and then

rinsed in acetone before being dried.

The IR analyses confirm the presence of the film
expected, of which the thickness increases with the
reaction time. The specific poly-HEMA bands at 1726, 1454

20 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) .

25 Example II-25 - Preparation of a film on the gsurface

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
30 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-




ni trophenyl di azoni um tetraf | uoroborate were added.

After a 2 hours reaction, the nanotubes were filtered

and washed several tinmes with DVF and acetone.

Finally, the MACNTs were dri in a vacuum oven

(100C, 10-2 Torr). 5 The XPS g%%ctronetry (X

phot oel ectron spectroscopy) and scanning el ectrons

m croscopy (SEM anal yses confirm the presence of the

f i hitexpbengddistonfiunh teteafiugkisberatiencrerg edddptn After

th tion tine, 10 Exampl - 26+ tig
s o A

napakubas seMARHTS)t itd 10wi ERNDRIFCiaald acetone. Finally, the
p- ni t ophenyl di azoni um and 2- hydroxyethélnethacnylfgé})

( HENENTEnveke présdnde af varuMpopure. (3804C 1300
5DV vier g, adged: e tOf f?ﬁrgﬁgegeléctgbno%p@%N&oscopy)
and the carpet o s supported by a silicon

sukatir acannt ngrs lremronenyitroscope { 6BMs 2n8lypesaconfirm

this solution was added.103.9 .01 [ £ Pa

ni tREpRERFFTCEZ B Gﬁ’\et %11 A Ieﬁfé’gg:ﬁ% dt é& i’?l[lg%h %hhegl}rhSMkness
20 heaehibeR wike RRROLLDRS iWer &ifensed several tines

with DWW and acetone. Finally, the MACNTs were dried

in a vacuumoven (100C, 10-2 Torr). The XPS
1022%&%&&@ I'Il &—é)é p-h%%ga%ttri% ?ﬁ% rﬂﬁgﬁ% tH&urface of a

i Tm
25 chlt@efr es@ncandic itdad If i |cardagrec rechotofbeshi cMRAE's)  using
t hi ckness | 1.ncreases w,th Ehe reaction time. 111 d 5-_
FuRSIMSESiRdanl e fi B id@PREMGIAAQRIPM ) o 41

CORRIG e tRHEME cand 19nafdes demimgr  fiom €k onpgegehde  of
pl ate 93 Pe?gkd,b)-gﬁayoro-(d-cyCIodextr|ne (PaCD) (M
= Ie@8cglmsl.) was first prepared according to the
15&2%000:%& 485 ¢h g oMk G | &add ‘o [ NSre b ADS%cene, 5
ml,of HEMA and the carpet of MWCTs supported by a silicon

substrate {1 cm® area, length of the tubes 275 um). At

this solution was added 103.9 mg (0.015 mole) of p-

nitrophenyldiazonium tetrafluorcborate. After 2 hours

20 reaction, the nanotubes were rinsed several times with

DMF and acetone. Finally, the MWCNTs were dried in a
vacuum oven (100°C, 1072 Torr).

The XPS spectrometry (X photoelectron spectroscopy)

and scanning electrons microscopy (SEM) analyses confirm

25 the presence of the film expected, of which the thickness

increases with the reaction time.

III - Functionalisable f£ilms

30 Example IIT-1 - Film comprising PHEMA and grafts derived

from CD on a gold plate




Ed. Engl. 1991, 30, 78. The carboxylic acid function

of 5 PaCD (10 ng) was then activated by form ng an
activated ester using N, N -diisopropyl carbodiim de

(DIC) (6 eqg.) in DWW (5 m) der agitation for 6

hours in the presence of cat tic amounts (0,05 eq.)

of dinethyl amno pyridine (DVAP). 10 A gold plate

with a surface of 2 cnR2 coated with a film around 10
nmin theekess) - aparsipogcpolydextrine (PaCcD) (M = 1008
hydr oxyet hyl ) net hacryl ate (PHEMA) and_produced

acgbrelhg Wad thHersodnenaed aoeaRtias1te e Pprotocoel

pl 0 t fupe i nizng of «BMg. |, '
DACERFIBed, Th0 e i AYCCpERRY R ! B Tne
n1EﬁurEhgaslﬂaﬁltuﬂmu athEheomarhoxylldunﬂsdafunebnon of

erature, then the ate was., r ved_and. rinpse
Dl\/ggglﬂd (20etBHe YRF oF}ég‘BeFﬁfleF‘ gn% n SEING) ??{R%gk:'lvated
anééﬂékSuQQﬂglﬁnﬁ taaisbb90§ybahr26d@9ﬁmaesesxa) (6 eqg.) in
cyclodextrin graft. The capture of |ead a film

cORWFi §pnglDugdart agéterians £REsE BPuFﬁléne%QﬁpP§3ﬁ8§ce of

SCTRPSILEL£0 AR (U L Eniote (HRUSEA SR prbiaine

copprABl ng a filmas produced 25 above was immersed in

| ut f_ PHNO3 (10-" The, t
10" he hogBAtnE FoRe(liehityA bFUERBSeq R (2 HEmtr el olieh 2

th 1 8RMP! 2xbhEa E:K@"%ﬁ 13- 3111 B OMRIOHPrG iMA poly (2-
grafts derived 30 from CD, conprising a linking

grhy¢r05HeahgéDmephacaygateTHéWﬁa@D vieid ppEpgpegd according
ng t lLe LIl no
o3 ke RIR o koGO iR RS o cloced

|lBébﬁgtﬂbéuﬁoﬁbﬁmnlNgHs(&EOOEQDMFSanwhlanas the activated
3-brono-1|-propanol (0.6 m; 5 28 eq.) were added to a
15s0PafPoen of PaCD (250 ng) in DWF

The reaction mixture was left under agitation for 72
hours at room temperature, then the plate was removed and
rinsed in DMF and acetone before being dried.

An XPS and IRRAS analysis confirms that the £ilm

20 comprises a cyclodextrin graft.

The capture of lead by a film comprising CD graft
such as those of this example was demonstrated using a
guartz scale (QCM 922 SEIKO'). A quartz with a gold
deposit (supplied by SEIKO) comprising a film as produced

25 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

30 from CD, comprising a linking group, on a gold plate




(10 m). After 24 hours, nethanol (5 m) is added to

the reaction nedium then the solution is evaporated

and the solid obtained is solubilised in water (0.5

m ) before being preci pitateggli'sn acetone (300 m).

After filtration, 10 the beig olid obtained is

filtered on a Buchner funnel and dried. A m xture of
propanol spacer PaCDs in various degrees, from4 to

14 prop@hel 2aCDs walst gimeghiredl gutebyding Ut Axamphef a&dd-1. A
of 2 cn2 with a PAA film,.of around 1 r d
acBEPEPRGt FRARE MolaFi A8 ot -° 1§%eexgprfar‘)¢]%n E% ?@{tﬁma gratt
aCk¥mpeia¢hg. avasnpiagedrbapa (Lest. tube containing the

m xture of propanol spacer PaCDs (10 m%]) sol ubi Iise% 6 ml:
in DVF N8Hn{($50TRE i1 88cEfon ARG dmPreEo-drProkgsel (0.6 ml;

agibtati.on fan.72 sgur O 1 SAPSE abyEs, (BBeNmghe in DMF
SpI g?e \%a% E’%r%ve%(? and tsozgér% nsed in DVF and zglcetoﬁté:i
befiapemhei.ng fdrdred24 oS methynds ¢onbl) ndg eRded to the

presence of cyclodextrin. |ndeed, .the.pe a
534CaGLERG mez?;yiﬁghr ‘}eé“ {%}'fﬁ c%?f%?l??ielgs? lgragégggtse doftmd the
cyghbadextdpthined Mikardaluman itderl specwaterof (5, mLhe before

peak centered at 25 289 eV corresponds to C O bgﬁi%s. .
Onbehogl RRASipjsatedmin@aacditsd Ihdldt- PEAFT i tration,

appear g, ,typical; of | Y&y epge £a0-6e8t @dohner funnel

10\/\/(1?_’%@ %éeol i rTTE JtcﬁeO}%%r?lr% | oggoF?gEggst er. In - n .
addind @iniddhe A handisupppefir pagpathol28pacew] Pa@hiscdln gfarious
C- O bonds 30 (val ence band) demanstr.ate.the presence

of degRIEs@extHom %ira Hé AR JF SRIE WSSt ure of

| ead byAgrgEJﬂ%pq% Wit LR Falds stich @ thiate fPAA £ilm
this exanpl e was denonstrated using a q:uartz scale , .
(QEM 92DUBE KOO nm,A RpEeRARiadrr Gerd tldgysinodalities of

153D SRETIE s EET e U of " Ph R0 4 M Fae Eube
containing the mixture of propanol 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
20 vrinsed in DMF and acetone before being dried.

The XPS analysis confirmed the presence of
cyclodextrin. Indeed, the peak of 0., at 534 eV that
appears is typical of the ester bonds of cyclodextrin.
Similarly, on the spectrum of Cis, the peak centered at

25 289 eV corresponds to C-O 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-C bonds

30 (valence band) demonstrate the presence of cyclodextrin

on the substrate.




180 s. The variation in the resonance frequency of the
guartz denonstrates the conpl exi ng. Exanple 111-3 -

Fil mconprising PHEMA and grafts derived 10 from

cali xarene on a gold plate Iwyi s exanple, the

derivative of calixarene sho bel ow, whi ch was

produced according to the literature (Bulletin of the
Korean Chem cal Society (2001), 22(3), 321-324), was

used. 1'Bh€Ocap¢t)1re ®f (Dedd b:yca @Itl)m m@nﬂ)ﬂlﬁimew grafts

\rl]mnt?'p.ﬁﬁ Sur f %%e 8%“‘%}"2 Cg%}t%l’g? ZWE%O c{emorﬁst%aw és:l.ng a

hyQﬁaﬁet hy&a\I@t hagmy | ate (E‘EEM&?) anc pqudumed w:Lth a gold
according 96 to the nodalities of exanple 11-3

pl depasif 4suppiégd by¥sFEIERY CORPALALRG %0 AT, @S produced
31 BBLOEOTRLDA0naso 08! A% L0106 106 KICCBNB) MHoof ) for
ca I'X | 4] arene derivative were ded to this

solLabi en, ']zmd vamaeaonl cum nte‘tmleuureaaaaBCBr diggauanscy epf the
| ux under itation for '{ | ate was then
rlﬂgéatﬁﬁpﬁ QPéFEﬁEESmépngSW@ §F¢RB6r onet hane. On t he

| RRAS spectrum shown in figure 24, a band at 1600

cm 1 appears, which is typical of the C=C band

( aEzAmpPLE) M@al%m@bﬁﬁdqommmmgraﬂm pRE grafigcderived

1000 ¢80 cabixarene grakigdignhedilm Banple 111-4 -

In this example, the derivative of calixarene shown
below, which was produced according to the literature
(Bulletin of the Korean Chemical Society (2001), 22(3),
321-324), was used.

15

Cl cl

A gold plate with a surface of 2 cm’ coated with a
f£ilm, around 5 mm in thickness, comprising poly(2-

20 hydroxyethyl)methacrylate (PHEMA) and produced according



5

10

15

grafts derived from porphyrin on a gold plate A

por phyrin of which the carboxylic acid function 15

was activated by the formation of an activated ester

was used. The activated ester s formed by a

reaction of tetrakis (benzoic?%gid) -4, 4 4" 4"
"-(Porphyrin- 5,10, 15,20-tetrayl) (10 ng; 1.26 10-5

nmol) with N,N - diisopropylcarbodiimde (6 eq.) in DV

i ntohehpr medatétoks 20 exempakyfilc3anvast PARCENARD a closed

(0,05 _e A gold.pl.ate with a surf f
coﬁﬁFFsghﬁeaC%E§Pﬁﬂgﬁ§&ﬂﬁgﬁ€hé°$iéﬁ?ﬁgffﬁmétﬁﬁﬁgkﬁgsgell as
of 10. Ggn®Brand.copl epar g afcal déavik P41 Aeenieddkirtivasiok were
exanple I-1, was placed in a round-bottom f| ask

confdrdi ngot Hehkt ispdiddoms gadphihen. Taget iR cmgiium was
megli s.lLe e Lt atl@n . f at, g0 nlat
te%%épg urE% %%gﬁﬂ hgn%?gtgbﬁggtﬁgkbéég Igr?dth rinse Phe was
DVEhendraaeedneibaf acetbeiengwadtieed anfhdixXR3 canaerdiege .
confirned the presence of porphyrin .30 _an_ the fil

| ndeed, “Pn& ﬁegﬁ nggpg&r%p,1§épgnb@nbﬁlgwge §6écg;£%nd at
of 1648, &ROWNapBehiUr ewRDEh GO I @3pARGS t 6ft hehe CG2C  band
bond of the amde that is forned with the surface as

97 (amematas) t Harademsiey handici ddemerse¥ahtRddthe presence of

fil ool lar e_Sp r 1s, shown in figure
255ghﬁ§§%ggﬁp gégt%p F%b%%%aEgh%¥ whi ch one, centered
at 399.5 eV, is typical of the nitrogens included in

an_aromatic_cycle 5 and corresEonds to tEai of the
poﬂﬁﬁ@pﬂg nil¥ﬁépnz_ F%l@-c s lyhenz E amine and
Nagea¢Rise Gk i e Yokphyr 10RO EAlGAm @flateat i num

na . . I'Sing polryacrylic acid ,

gr af t ed PorpouptPrim ofgariick opbey marHadyher pged function
fromacryl.ic.aci ( | azoni o} r
e
pl @lge@um M@ oRattivaltes Waster was formed by a reaction of

tetrakis (benzoic acid)-4,4',4'',4' '’ - (Porphyrin-

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.

3C

The reaction medium was left under agitation for 72
h at rocom temperature, then the plate was removed and
rinsed in DMF and acetone before being dried.

The XPS analysis confirmed the presence of porphyrin
on the film. Indeed, the peak centered at 189.5 eV on the
spectrum of C;s, shown in figure 25a, corresponds to the

C=0 bond of the amide that is formed with the surface as
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30

prepared. 15 1-1. Synthesis of the stabilizer:

HEA-16-C In a 50-m round-bottom fl ask equi pped with

a coolant, 29.2 mol of N N-dinethyl ethanol am ne and

35 mol (1.2 eq) of hexadecyl,¢chloride were dissolved

in 15 nm of absolute ethanol.” The m xture was then
brought to 20 ref lux for 24 h. The ethanol was then
evaporated and the reaction m xture cooled at room
tewpuatauar eth@heomphyrins oh¢ iids hatotf crbeached to the film.

SRR oA, WhedSShERLSL 1SR S B L,

arrer@ﬁp@geahbertd@ géamsedf aﬁlblEAoiaé Ceentezed at 399.5 eV,
Preparati on_of the coll oidal suspension of platinum,
(0}8 PYPLEAl16fCEREhBIEEPEENGarNEdYFEAs o Ag@TOmatic cycle
pr 0 0 h
BB F o B eP 00984 0 005 b cor FRATTTHR Hreeorens
in 5 nl 1uf - thﬂaspuoapmaseng hhne-obgkgteon was t hen
rapi dly added under vigorous agitation 98 to 5 m of
ultra pure water containing 12 ng of platinum
t etkampher irge1( Pt €hdbrpole ibaduet ipdatdhuhaafioph¥ticles in
i nto PI(U) 'S cnaracterlzed Py a change in coloring
AR § RN 74 6n 8 CTHe 9¥a£5EAs PFn Allas

Ieft fo 0 ur C a g d
use Thég ggggﬁgﬁéldﬁgﬁ' stagﬁﬁﬂé &égﬁﬂ%ﬁb£?8§fg%ggﬁsc act
1- 3aAG ahtl rg difezorfidmm soprpsepar edl yacsygtize gradted on a

Au In a 50-m beaker, the follo mere added
10988 8er PTBER 301 @Wﬁﬁ%he‘%ﬁf Spaptifies was
so kgghgbar|te (NaNG2, 0.1 M and 1 n1 of acryllc acid

50 ng of iron powder were then added to the
solutlon and a 5 cnR gold plate was placed in the

m o % %5.o%i%%Ee%taBQ%iE%QLeﬁﬂ%§l%e%ﬁyed from

a 50-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/ethancl mixture to yield the N,N-dimethyl-N-
hexadecyl-N- {2-hydroxyethyl) ammonium chloride denoted
HEA-16-Cl.

1-2. Preparation of the colloidal suspension of platinum

(0): Pt-HEA-16-Cl

The colloidal suspension was prepared at 20°C.
3.6 mg of sodium borohydride (NaBH.) were added to 3C0 mg
of HEA-16-Cl dissolved in S ml of ultra pure water. This

solution was then rapidly added under vigorous agitation



15 then rinsed (water/ethanol/acetone) and dried. An

XPS anal ysis confirmed the presence. of the PAA film

1-4. Incorporation of Pt nanoparticles in the film 20
conprising PAA First, the gol dgéol ate coated with the
organic film was imersed in @ soda solution 0.5 M

for 5 mnutes, then dried w thout additional rinsing.

This step nade it possible to convert the carboxylic

actd §rudppfigsilt2s mmesunedrenfcemtatiiingi 1y ggoap, pdRtinum

the PAA jnto. .car | at e .gr oupi ngs, . whi ve ;

ar FehreghiapioRe (RORT T e RGN B JHE, PP v) ineo
suspedsi 98 ehalPh@eraed tiem daposid ednoBolbeiggl drom pale
plate coated with the film After 15 mnutes, the

pl Eedlars ba nRbACKRIPT MR er FEEhARIRIRBIIheYaBefGtid for one

5beh grdril.gﬂioeaxnd {n Sﬂanﬁeghyz%ﬂ%’ﬁeﬁﬁl Q%efg% XR&xe. This

10

15

20

25

30

analysi s wed € presence atinum (0) in a

si gunepenahbnatsustakiteforhe hnabemept, waekshown in

figure 27, which corresponds to an XPS spectrum of the
filmafter integration of the particles, by conparison

5 with GirgeeendborWhi R 170EERSRIBERG Pollhackiflichakdte on Au
i nCorporation Of the particles. Exanple V-2 - )

| ncor po&at i dn 56-mjo| Beakasparthe | £ollewing owerpmadded, in
conprisin l yacryljc ' tgel GALSI ;
Slg%ieﬁﬁ %r g‘gnioé%cclopdol?/%#ﬂ?%l?né%bgirji sgdfflﬁgfn gch?l iog sodium
achitriad) awdia,di@zbnMimeaad t 1pmelpacéd saryliitau, acid (AA) .

rafted on a steel plate (ALSI 316 nd c rising.

8058 H&n&SaHﬁQQGEPW4E¥v%%é%ré%%?eﬂéaﬁalgosgﬁghé§¥§£ﬁpn and

thg sfappti gs&a r’g!rgiﬁ-ée?-%s%qa%te@iizhzehemaz%d&nﬁﬂarndter 45
e |-1.

according t0 exa , ]
minutes, the plate was removed from the reaction medium,

then rinsed (water/ethanol/acetone) and dried.
An XPS analysis confirmed the presence of the PAA
film.

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 film.
After 15 minutes, the plate was rinsed
(water/ethanol/acetone) before being dried and then

analyzed by XPS.




20 2-2. Preparation of the colloidal suspension of

gold (0): Au-HEA-16-Cl The coll oi dal suspensi on was
prepared at 20C. 3.6 ng of sodi um borohydri de (NaBH4)

were added to 300 ng of HEA-16-Cl dissolved in 5 n

of ultra pure water. This 25 sofution was then rapidly
added under vigorous agitation to 5 m of ultra pure

wat er containing 12 ng of gold salt (AuHCl4). The
reduct i TheokPShenAlykYp showedutbe presemgcasifemlaggnum (0)

by .a change .in coloring fro al e_yel ri :
red™ ?h@i%ﬂﬁﬁ%%5Q51%&é?QEﬁ%%égﬁ E%% %%gékﬁﬁ &t ég shown in
mgtﬂgg&galzﬂglﬁﬁiégnc@&@g o thhi ansxHienspertren of the
stable for a nunber of weeks. 100 2-3. Gaftipg of a

fi Emloorpited ngnpebyasipn ©fckheoraxiisies .l %? Fhgparisen
I'n_a 50-pl beak thaibal | 0w addedehie £film before
SOrHé'F.% Zg}r@ugg %6’ d?’gﬁgﬁopﬁéﬁggs%\%ﬁqs I\/pdcfjﬁztm of
sodindBrporaititn @f( NaOparitlds.and 1 M of acrylic

acid (AA). 50 ng of iron powder were then added to the
solution and a 5 cnR gold plate was placed in the

medium After 45 mnutes, the plate was renoved frgm .
t hExeopde gV rRdi uANCorpeRatigBe®f gold nanoparticies in a

1oggﬁ$ﬂféﬂrﬁ‘phnﬂéﬂ9ﬁt 80¢),28081 dEi %,Qvidl%z%}fﬁcﬁ BRalareel  (AIST
e Ct—T e P €S CTiee O U1 T T T I - a.

| n@aregpor ati on of Au nanoparticles in the film

conprising PAA First, the steel.plate.(ALSI 6 ; :
coated\ﬂ%FP¥9%91QEF?P%%HT%rf?Fﬁgmggrﬁ rgg%ﬁ:%%fyllc acid
Somo'éffd%{‘ 81 5:0hi ok 5alfi pebparetingm drjter wrdfingd on a
additional rinsing. This step nmade it possible to

comiere]l trHe tear GBEA i X &loi By RRBGS 1ngrEld sppngparticles
t he affinig%ﬁ%%oup, of the PAA into carboxylate

139r S35 RFSP h have an affinity for the 20
particles. 1 m of a colloidal suspension of Au(0) was

2-1. Synthesis of the stabilizer: HEA-16-Cl

The stabilizer was prepared according to example I-1.

20 2-2. Preparation of the colloidal suspension of gold (0):

Au-HEA-16-Cl

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
25 golution 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) 1is
characterized by a change in coloring from pale yellow to
brick red. The suspension was left for one hour under
30 mechanical agitation before use. This suspension 1is

stable for a number of weeks.




then deposited on the steel plate (AISI 316L) coated

wth the film After 15 mnutes, the plate was rinsed

(wat er/ et hanol / acet one) before being dried and then

anal yzed by XPS. 25 The XPS a ﬁbysis showed t he

presence of gold (0) in a sig I'ficant anount because

the steel (AISI 316L) is no |onger visible. Exanple

V-3 - Incorporation of platinumnanoparticles in 30 |,

a PiBm comfitiisiongopolyabr | comprdsapaf el AT RAdsonacid on

nanotugez igi ingrganic copol ynmer filmderived from
ac i nd a diazoniumsalt prepared in
situ, graftedsonma Bakkewr, nafied ulfeloaryielg andre added, in

conprising platinum nanoparticles S prepared. .5 .
3- erdeynt Redils aff ktfe %%%W?&%?RY%&Q 1@- 'Tﬁeml of sodium
stabil lzer repargdyac | RO 110 bee aRAtiQCOhcid (AR) .
5de§gkkgg§ iﬁ@%¥%ﬁpﬁgdfvv .q%%gs-z. Prepaf%tﬁgﬁ'of ?ﬁe
cobbomdabfsuspenponwdef wiat i vivenm §0fedproHeRe] godution and
The suspepsi on _was produced_as described i l e

VA1 5 18M5. §OLe ‘S?Sap;alcr%%cszoh%ri%g‘feng“eea&w‘ After 45
polyagkkki C tafd h1xte ties NEaRdYEE eprometh20@emgtdion medium,
iron filings and 1 m of acrylic acid were _ added to a

di &heni oinsel (velteni/ehaneddAcs tan s nddaddd €3 n

poexampl e llygq L'i‘x%ria-g]i 0 J fQfrric R df 2R f£ilm.
car pet formwereée addéd. e carpet, after reaction
was cl eaned according to the protocol described in
exanple 1V-2 before being dried. 3-4. lncorporati
of2gg.na@mggnpqqq;;qq!tﬁ% ”q!nnanopartléieé) 1& Yhe
comprising PAA

First, the steel plate (AISI 316L) coated with the

film

15 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

20 particles. 1 ml of a colloidal suspengion 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.

25 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 nancoparticles in

30 a film comprising polyacrylic acid grafted on carbon

nanotubes




25 conprising PAA First, the nanotube carpet coated

wWth the organic filmwas imersed in a soda solution

0.5 Mfor 5 mnutes, then dried w thout additiona

rinsing. This step made it pQ iible to convert the
carboxylic acid groupings, ﬁ ecursor of the

affinity group, of the PAA into carboxylic groupings,

whi ch have an affinity for the particles. 1 n of a

col | oi dah sngpam8|aopoﬂyﬁb@Oﬁm&m;dﬁﬁﬂvameﬁr@®p@§rveéc acid

on,the nanotuhe carpet coated w th t ,fLL

R bsAitng AdAGemen: SRt AR TRTRc sifh, GhEECSd on o
(veserbgt hanghbaaskone)lcdigfedr € haidg dedeprasinghenplatinum .
anal yzed bX XPS. 5 The XP anaIyS|s showed t he
preappparbicheat vABNPEEParad-i ndi cated on the spectrum
shown in figure 28. Exanple I1V-4 - Incorporation of

pl ati num nanoparticles in a pol ybenzyl amne film
grafiedspontAesif Af bhgantebiillimeder HEAd16r-6h a

di azonium salt prepared in situ raf.ted on d

pl ate ahB€co hﬁ%ﬁfeﬁﬂeﬁ?%unpﬁgggﬁggtlaCCORMéh& the
IOf59@&89014aéscﬂﬂbae§hseszfambme st/abi.l i zer: HEA-16-C

15" The stabilizer was prepared as indicated in exanple

IV-1. 4-2. Preparatlon of the coll oi dal suspen3|on of

1074 - ; '.n ) 1 ,SY -1at1num

pokybenpyLHgﬁLme tuln1on Au In a 50 n1 beaker the

folTow ng were added, in orde

p- aninngénfMSR%ﬁﬁ%?Wlﬁ%FP@roépqﬁdo?s 986K 4PEH, in example
nitgite (NaN®2, 0.1 M then, 50 ng of iron powder were

then added to the sol ution and 5 cn2 gold plate was

placed in the nedium After 45 mnutes, the plate was

15 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

20 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

25 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,

30 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



renoved fromthe reaction nedium then rinsed

(wat er/ et hanol / acet one) and dried. 30 The XPS anal ysi s
confirmed the presence of the organic pol ybenzyl

amne film 103 4-4. IncorpoE?Eion of Pt

nanoparticles in the pol ybenzy amne filmFirst, the

gold plate coated with the organic film was inmmersed

in a soda solution 0.5 Mfor 5 mnutes, then 5 dried

wi thent deshistiitordhl oni ridiengnamhtybst GATRefe COA5ESsiHiEh the

to_transfqrm.the_anmonium gr [ c

thgli?flﬁ&&f ghgﬁpmlPHFSSanH%%PgﬁgﬁﬁFﬁég #ﬁégkﬁavgégnrlnSEd
af fj;atb¥/Eehahbe /Raktbakes. bkfureof Beiwy | oddaéd and then
suspension of Pt(0) was then deposited on the gold

pl analygedokvedPwri-th the film After 15 minutes, the

bl ate S I selhRrokhac ehrerehdeeld elkiitgm (o)
>dri ed gﬁg ?Egnggﬁg&gggd E ngth%hS;XPS analys?g
shawednﬂheapeesencehef splea:ttmmmsm)nn im &iguFs§i RiScant
anount. 15 Exanple IV-5 - Incorporation of silica

nanopar tll cles 4| na film n’pri siEE% gpq__l MRG Han&E%‘?citq.cles in

gr EFEEE-§
acaybbﬁy%%héyl( %)m@@ﬂnﬁlg&éqmewnosﬁlm prepared in
tu,—grarted om a 20 gold plate and conprisin
105111 ca Aanogageindices fida  slegarest. fgiam | a(arflﬂ@%ﬂ?rfém salt
nm.in dia ter) non a Ia\ied
COW& ?I %lat"b(ar§) ?%%d(gﬁppl pegh qa\l%EG%%d ngprlsmg

atSefhm &rﬁ@ﬂrtﬁ&ﬂlescluas prafesteant i al |y spherl cal
has a specific surface of around 200 n2.g-1 and
contains around 1 mmol.g-1 of silanol groupings.

4-1. Synthesis of the stabilizer: HEA-16-Cl

15 The stabilizer was prepared as indicated in example

Iv-1.

4-2. Preparation of the colloidal suspension of platinum

(0): Pt-HEA-16-Cl

20 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

brder: 2 ml of p-amino-benzyl amine (0.1 M), 2 ml of

25 sodium nitrite (NaNQ,, 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/ethancl/acetone) and dried.

30 The XPS analysis confirﬁed the presence of the

organic polybenzyl amine film.




The coll oidal solution of silica particles was

obt ai ned by mxing 10 ng of silica in 10 m of

distilled 30 water. 5-1. Gafting of a film

conpri sing polyacrylic acid on éu 104 The. grafting

was perforned as indicated in gxanple IV-1. 5-2

I ncorporation of silica particles in the film 5

conprising PAA The incorporation of particles was

pesf or nEdcoaporating tof tRte mpareprRLtieiesxifptbe) polybenzyl
The Lnfrgnid anal ysis confirmed the presence of

part 1tB the film 10 Exanple IV-6 - |ncorporation

of pl at pRyELNaReRAIdOTH eplabe aochited comr i shegorganic film
polyacrylic acid grafted on_gl ass and | astic Organic
copaby dmmetseds inepi vodar BEAUELPR COc 5'%184O dor1§ PARAtESy then
52 g%?égnlﬁgkﬁgpﬁ pﬁﬁﬁ?Efg & SfiHsiﬁ??ftﬁﬁiQn ftep made it
pl astc (polyethyl ene ana gl ass plate and conprising

pl pbisstk Banep artdrd Esrmetlee paspanddn POUPLEGE: atHIHFUTSOLS

O bl B RGBS ERgGe (b e o
pratr@gelkgydr assnt eghé n pyainkeekV- 1.1 Thel XPSfanal ysislloidal

showed thé incorporation of particles in each_of tqg 1at

fi smspeBsdmpl @f \BT(Q) 0mRs ctheRcdeBPShRGpaF: iteegold plate
present 4 n . felgp T riagegqiahebhe diasspande was

1Ogolct?a§§f)1po‘ﬁ§§o§:ﬂt%hefi%ﬁéc?@&%ﬁg %é):(arrfiﬁes, coat ed VpVI th

an rangad C (ke /eehpnodi/agefone’ Pbefianepabeisgesdried and

were treated for 5 mn wth a heat gun at around

50¢hen apgdiviaeca Yok B t he

The XPS analysis showed the presence of platinum (0)

in a significant amount.

15

Example IV-5 - Incorporation of silica nanoparticles in a

film comprising polyacrylic acid grafted on aAu

An organic copolymer film derived from acrylic acid
(AA) and a diazonium salt prepared in situ, grafted on a
20 gold plate and comprising gilica nanoparticles was
prepared.

Small (around 12 nm in diameter}, non-porous and

finely divided commercial silica particles (supplied by
DEGUSA®) were used.
25 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

30 water.

5-1. Grafting of a film comprising polyacrylic acid on Au




30 surface appearance was observed during the
treatnment and the initial iridescent appearance

di sappeared, with a 105 resulting uniformty due to

t he coal escence of the partlg g Exanple 1V-8 -
Metal lization of the film by R&nical 5 reduction of
a netal salt solution using nanoparticles present in
the filmA netallization bath was prepared with two
sol uti offbe: gred tHingstwannparfipnged @ofindppried in example
sug ate, 14 g of potassiumsodiumtartrate and 4 g of
sodium hydroxide in 10 100 nl of distilled water. The
second solution is an aqueous fornal dehyde sol ution

wth a weight percent of 37.02. The two sol uti,ons .
webe2pi xERCPEPRTRsAPE oPf10ptlicangPagticles (e the film

s esHlbLi-09; flXbipe were taken for immersion for 5 mn
of—thé—supggrts— gl ass or gold, 15 coated with an
organicTthn1twu@rpsrmgldml(noﬂPt pﬂan@péEBIC|@$$ performed

obt ai ned ,accordi V-1 and | V-6.

Th8CSRF &E@st8ft5%ep§8 Soim s F&aﬁﬁ&ﬁ ﬁh&éd in

wat er a@ﬂeacQh@ﬂ&reandaﬂél?glﬁnd@énﬁﬁrﬂé@ontﬁéleré%ence of

change in the appearance of the surface was noted, and

a pagtaeilgs N mg@aiiém-ai ned. Exanple IV-9 -
lol\/btalllzatlon of the filmby chem cal reduction of a

nmetal salt solution using palladiumnanoparticles

pr gxamblien Ivhe ﬁHDmdaip%rhtEb@paﬁaphatuﬁhminanopartlcles in

col I'ol dal suspenpsjon of aII?dlun1P Cl H%;l 4N+§ a
PaPl_ddi i $PIP5EESI BT PP ass_an

teb&ggg&gdecylannnnlun1bron1de (Fluka 59, 4.5 mol)
30 spended in 200 nmL of a 5:1 (v/v) mxture of

t ol uene CangantkE eepSbnenf tfddmeddiersviedf Txrom agrylic acid
15 (AA) and a diazonium salt prepared in situ, grafted on a

plastic (polyethylene) and glass plate and comprising
platinum nancparticles 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
comprigsing 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




106 absolute ethanol, the mxture was refluxed at 65C
for 12 h. The color of the solution turned to deep
brown-bl ack. To initiate the precipitation of the
colloids, an excess (100 nlL) 1?% absol ute et hanol was
added slowy 5 with vigorous aki ng. The sol ution
was allowed to stand for 5 h at roomtenperature. The
sol vent was then evaporated under reduced pressure
andeaudtangbl avi fpowdsy @(Rel §P coéheespordesgensegsnt the
yield .Algal | adi um col | oi dal suspension was then 10

or BB&FAGL55 *subj ecting a solution of 0.3 g of the
powder previously obtained to ultrasound in 200 m of
toluene_ for 5 min.The suspension is stabl E_for

sefEARPIADNTYis8 o 2MeERAlirAGisn pof yddis| Fd Beiky f hfmical
5%2 ﬂlﬁcp.?i.l:ﬁ‘f e&f]yg.er}fe%lgsggi& AR eRE RhAag] Q1an_ogl:artic1es

58 ynmeric organic f erived fromacrylic aci
( ApresentElih &he ffidm an in-situ synthetized di azoni um

salt haye bee rafted on plastic plate - ;
(pol y- eﬁhW@ﬁgﬁéﬁ&lﬁ& 3’-55?’053?1% P e & Ky soiutions,
fr epedi azp8E UBGH NG iHY havey aloso beppesynduktdtzed. 14 g of
Such filnms have been obtai ned according to.the , ,
pr POBesISs utle sicstien disteatr ANGichr JoPht FER1gM hydroxide in
colLl.ai dal pal adi wa--Pd{ [ ] rd bl ;
10 gl(al ?@at ?gnq%f%]ilséjé 2%? i‘t"%rh ?ﬁ%\ﬁkséétbo&ﬁﬁnfgg%ﬂt?gﬁesls an
pr agerbusn tdemdldehyde isodatjonatworh o peright epewgent of

performed b i mrersion,of the poly-ethyl ene and.
pol3>7--y9|20p)7rl'l')é‘net‘r5? a8PLBt1gPE @’e&?at“éd(eéi; iy ﬁangf & 1072
i nabRe SYspgpAsi ge OEBéinﬁ@su@tiﬁ%aﬁﬁiﬁt@ré, wéeefitaken Ffor
being then rinsed with toluene 30 then dried under

ar gometisbon Mepal | § zatironofiast BeerPURRITtrneglags or gold,
15'32%?%%%2 al njat":%;gghiolf\{ggnié el TIipGAsihgeNale or Pt
nanoparticles, obtained according to examples IV-1, IV-4
and IV-6. The surfaces of the supports were then rinsed

in water and acetone, and dried under an argon flux. A
change in the appearance of the 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 P4/ [Ci14Hi7) JN'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



CLAIM5S 1. A nethod for preparing an organic film at

the surface of a solid support, wherein it includes a

step of contacting said surface with a liquid

solution including: 5 - at Igg t one solvent, at

| east one adhesion priner, un non- el ectrochem ca

condi tions, and enabling the formation of radica

entities based on the adhesion primer. 10 2. The
prabapittenehbanhod, othel minterevaperaiduxgd 3§ $&3€ for 12
Is_a protic,salven ref erabl 0 e u
conet PR EH155 War P8 Geruhrol ClanEn tofdebp yakaUBLacK.
water, acidified ohibpateachei pracigithydooxyplfatbe t®lloids,

sol vents, | ow nol ecu| ar-wei ght |i qui (.1_1 Ia/col S sugg 85 510wl
ot A EFEGEFOOILO 0 B hi REUPBE L Fe fthahd s ~added” slowly
SPrQE@Eabhggrgﬁgh@%dﬂlﬂaE“fﬁénsﬂiﬁ%f%ﬁ wasda1seld@nto stand

is an aprotic solvent preferably chosen fromthe 20
gr 6up cBnshi tat edrdym byt efiprtdphter mifhigle POt was  then

acetone and di net hyl _sul f.oxi de . _
R i
whepehng$aicdradBpshnanngr teeBsiks ydedldeavabl e aryl salt
25 chosen fromthe gioup constjtuted by aryl djazonium th
salts, aryl anforPabiadivd ellopiRkpidisRIReE s Wiy then
ar yl Lf;oni Y ; repapagi gn getiped d
lOof iégﬁ?g%ﬁg owgl%ﬁrgs& rggg%,éj%%%%xﬁngsai d a hgsi on powder
pr peer iotisd yc | stateainiad atyl Wainasonnch the 2061 Il p§ toluene
fao&‘g:ilo\%a%#. Tg_ﬁl\%hfsgealgi)on 515' rét‘.a Ilceh:fc:»_r %erv%[?tra%?%tnschs.

9-2. Grafting of polyacrylic acid film on

15 poly-ethylene and poly-propylene plastic

Copolymeric organic films derived from acrylic acid

(AA) or HEMA and from an in-situ synthetized diazonium
salt have been grafted on plastic plates (poly-ethylene
and poly-prepylene). Films derived from diazonium alone

20 have also been synthetized. Such films have been obtained

according to the protocols depicted above.

9-3 Incorporation of colloidal paladium

Pd/ [CisHs7] JN'Br" in PAA film and metallization of this

25 film thanks to nanoparticles present in the film

The incorporation of particles was performed Dby
immersion of the poly-ethylene and poly-propylene plastic
plate coated by a £ilm grafted in the suspension obtained
at example 9-2, the film being then rinsed with toluene

30 then dried under argon flux. Metallization has been
performed as indicated in Example IV-8. A metal film can

then be seen by naked eye.




- Rrepresents an aryl group. 6. The preparation

nmet hod of claim4 or 5, wherein said 10 aryl group is
chosen fromthe aromatic or heteroaromatic carbon
structures, possibly nono- or | ysubsti tuted,

constituted by one or nore ar&ﬁgtic or heteroaromatic
cycles each conprising 3 to 8 atons, the heteroaton(s)
bei ng capable of being N 0, Por S and the 15
substituent(s) possibly conCLAIM§ one or nore

het eroatons or al kyl groups 1n Cl to C6. 7. The

preparation nethod of claim5 or 6, wherein Ais

chose r he. | [.C:.ahi.ans - ha nQor S

and Borientios, g SEANCA AR bR DL EHRTIE) EhES gurface
of ofinyaongobidcl| suppobt f 0 wheredrer eitn tireclodgpourad cftep of

formula (I) is ¢hosen fromth grqup .constituted.b o
PhERVEAFhIB SR ERAERGE: UboPare  Jghid So1utioh’ iRb1uding:
54-n|trophenygg|@éggtughgeg??ggﬂggoborate, 4-

br onophenyl di azonium tetraf| uoroborate, 4-

am nophenyl| dagazbeaet ehkoadtdesidnnpiriiper4-
chl or.ophenyl di azoni um chl orj de,

4- BBAZEY | R R HRE BORRETIHT 24 etGARd WiV a8 enabling the
4- eyapapheny! deazpghupy30 Let{aflyorobosdt n the adhesion

4- car boxyphenyl di azoni um tetrafl uoroborate,

4- grémem.dophenyl di azoni um tetrafl uoroborate,

4- phenyl acetic acid diazonium 109 tetrafl uoroborate,
2-met hyl -4-[ (2- net hyl phenyl ) di azenyl | benzenedi azoni um
subphatBe 9p#lparation method of c¢laim 1, wherein said
di oxo-9, 10-di hydro-1 - ant hr acenedi azoni um_chl ori de,

ni BP&NEPHt Hed eRedXRFdH UFPT EERE! PESTEEEPAYe hiFH! from the
nagl}gg%l E@&‘?é@fﬁﬁ'té‘@ tbj/[ rebt&pr O scld WhEer, distilled
pr tion netho ny

par d of one of preceeding claimns,
whematierr , s aiatt iatifesicon qr i meot consertiat i @¢iidn sdiwfroxylated

15'I%%&%en%%LUt&8@—E%lggawgng%&%%@d 19§gi8ndg§y&$ls such as

ethyleneglycol, and mixtures thereof.

10

3. The preparation method of claim 1, wherein said
solvent is an aprotic solvent preferably chosen from the

20 group constituted by by dimethylformamide (DMF), acetone
and dimethyl sulfoxide (DMSO)

4. The preparation method of any one of claims 1 to 3,
wherein said adhesion primer is a cleavable aryl salt
25 chosen from the group constituted by aryl diazonium salts,
aryl ammonium salts, aryl phosphonium salts and aryl

sulfonium salts.



10 10. The preparation nethod of any one of preceeding

claims, wherein said adhesion prinmer is either added

as is to said liquid solution, or prepared in situ in

the latter. 15 11. The prepar tlon nmet hod of any one

of preceeding clains, mherel& Eai d liquid solution

al so contains at Ieast one surfactant. 20 12. The

preparati on nmethod of any one of preceeding clains,

vvhérel']]‘het hereparat tonr sehbodc AL cvryli phenet eﬂilmfhgl to 3,
t he .f or mat L on r.adi cal . ntltles ar

th¥h§F8&8 cont % ffééﬁflﬁy t%e% e, H(lnetléié%ﬁﬁﬁyé %?9T1 salt

Phet @eh @KieC &lo 1Qkbwi 2y gehemileal (mandi tions and a 25

conbi nation_thereof, to which the adhesion primer is

subjecthN2L35¥The preparatlBh met hod of any one of

sPr eceediing . % gi.ns, wherein the non-electrochem ca

condltlons 6 aIIOMAng for the formati on of radical

entities arEepmbeemmalacmmmdmaient anfonl 4ndrhe

preparati on_net hod a receeding cl ains,
wher ei n"s& §PrGEER §oﬁﬁ¥| &% Fricl udes one or

nore chemcal initiator(s). 5 15 The preparation
nmet hod of any one of preceedin cl ai ms, wherein_sai

i Gui Fhsol REeRArRTEen | ReFhads o3nE aim br 6 chonfiiatein said
ol iy} tg{ dnfsgﬁoééﬂnkromagpﬁdﬁ&b%&tq%t%r'Hbﬁbroaromatlc

flnely orm - a net ocene, 10 - an organic
(N‘daﬁmumanstrhasarb&,prppesubmys meubfi chentpdlysulbgtituted,
tp I(;I cg?fnstthlﬁ:dtle [ gysoclrlﬂet ! %r]} tn?oz?g a%‘ro%%t%rc tg%n ortexgoaromatlc
cycles each comprising 3 to 8 atoms, the heteroatom(s)
being capable of being N, ©0, P or S, and the
15 substituent(s) possibly containing one or more

heterocatoms or alkyl groups in C: to Cs.

7. The preparation method of claim 5 or 6, wherein A is
chosen from the inorganic aniong, the halogenborates and

20 the organic anions.

8. The preparation method of any one of claims 5 to 7,
wherein the compound of formula (I) is chosen from the

group constituted by phenyldiazonium tetrafluoroborate,

25 4-nitrophenyldiazonium tetrafluoroborate, 4-
bromcphenyldiazonium tetrafluoroborate, 4-
aminophenyldiazonium chloride, 2-methyl-4-

chlorophenyldiazonium chloride, 4-benzoylbenzenediazonium

tetrafluoroborate, 4 -cyanophenyldiazonium
30 tetrafluoroborate, 4 -carboxyphenyldiazonium
tetrafluoroborate, 4 -acetamidophenyldiazonium

tetrafluoroborate, 4-phenylacetic acid diazonium




The _pr.eparati on net hod._ of

15

20

25

30

a pre-irradiated polyneric matrix. 15 16. The

preparati on nethod of any one of preceeding clains,
wherein the surface of said solid support has at
| east one atom capabl e of beiqgﬁinvolved in a radica

reaction. 20 17. The preparati

met hod of any one of

preceeding clains, wherein said solid support and/or
the surface of said solid support are nade of a
matektralf lohosberatem t he group constituted Bymestals4-[(2-

11 BeraYAbred taRdenydnkra-trssiRdoni R PR EE" 9. 20-

methesoob , a0y dengdeb -praeepdarenediaizaniuwher @l cgdidd,  4-
solid support is either electrically conductive or
noRisrepaphtRpienediggenive 30 1$EtrRE odPhedtén and

SWEE?gﬂtﬂgfl@?%dqgﬁoﬁgum ‘E%%.ec‘lifrii%fr%%ir'ﬁe wherein the

sur

ce o e sol1 d support contacted with said

liquid solution conprises at | east one area covered

Wi th mask. 20. The preparation_nethod cl ai .
wh&r R, REeRazRt1gh BefBPel e Brl s & ESpeRa clains,
Saivflehbqu @aial WdheRion?brifke ReRAMIdaVidEtindfd 1iquid
claim19 or 20, wherein the mask is conposed of

al RBplukiigns is1pegpeemharpuagarld: | G %et Hdd of any one

0of preceeding clains, wherein said |iquid solution

al so includes at |east one radically polynerisable
nmononer THef ferepardt don tdetlasthesifonapyi mene 16f 23preceeding

| ai,m 22, wherejn sa

aGRAPy OISR SIS ROASREP S7A] iy FtRer added as
conpr it Ngai@t 1heRsk e Ativl ensrt yeepaged 24.sIB8 in the
preparation nmethod of claim22 or 23, wherein 20 said

r adiat&lelry pol yneri sabl e nononer is a nolecule with

11. The preparation method of any one of preceeding
claims, wherein said liquid solution also contains at

least one surfactant.

12. 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.

13, The preparation method of any one of preceeding
claims, wherein the non-electrochemical conditions

allowing for the formation of radical entities are

chemical conditions.




the followng fornmula (I11): RL R3 (Il) R=<,R2 q 25

in which the RlL to R4 groups, identical or different,
represent a non-netallic nonoval ent atom a hydrogen

atom a saturated or unsatur?g d chenmical group, a

-COOR5 group in which R5 rep ents a hydrogen atom

or an al kyl group in Cl-Cl2, a nitrile, a carbonyl,

an amne or an ami de. 112 25. The preparati on net hod .
of lany The greparatie? methpd waferany sene el PFgcpeding
pol yneri sabl e_mpnoner. .i s.chosen . fr t r
coﬁi???ﬁte8h8§e§Pn§Flgc ﬁgP%a O&EF& on% Filg%QIUdes one or

mepBaer ¥hemithll enikebRylk (egt.hacryl ate, et hyl
met hacryl ate, butyl nethacryl ate, propyl
met hacryl ate, hydroxyethyl nethacrylate, hydroxypropyl

smet bacryl at g, gl ygel dyl ”‘%&é&fg{é{d’! e and tHRET of preceeding

defrvatiVves; e acrylam in particular the
anchagtby| wherefyl said Qdkgylid pedtaricndlsexyincludes one or

nmet hacryl am des, .the. anoacryl ates,_ the di-acryl ates
an@oaﬁ-ﬁB?W&EF§l&F&§}a%¥ﬁgstrf%§gﬁﬁ 88 and
tri-metbhagr ybaiesSngt hethet ia- aaghyleaediaided form,

tetra-nethacrylates (such as tetranethacryl ate
pent aer yt Br mesR)Llosepeene and its 15 derivati ves,

1 gParachl oro_gt ZB_%%% iQ:Sntoe}:f ! li?fo%?_%&ﬁrcen%aég' \'fi.irpy|p3:t'0ﬁjeortions

pyrrolidone;” 4-Vvirny yridine, vi nyl pyridine,

Vi Bylf fRalilet@s, faer ythyl pH et hadeyl djbpidi - solution to be
vi nyl benzene (DVB), and nore generally the vinyl

cr §¥&atET, Ehag é’d)eﬁt%l & %n acryl ate, nethacryl ate

and 20 _dgr ivalives dikeed0poldfe rilte mataas.at i on
nmet hod of aily one of clains 22 to 25, wherein the

amount of said radically polynerisable
15 16. The preparation method of any one of preceeding

claims, wherein the surface of said solid support has at

least one atom capable of being involved in a radical

reaction.

20 17. The preparation method of any one of preceeding
claims, wherein said solid support and/or the surface of
said solid support are made of a material chosen from the
group constituted by metals, wood, paper, cotton, felt,
silicon, carbon nanotubes, fluoro-polymers and diamond.

25
18. The preparation method of any one of preceeding
claims, wherein said solid support is either electrically

conductive or non-electrically conductive.

30 19. The preparation method of any one of preceeding

claimg, wherein the surface of the solid support




nmononer represents between 18 and 40 tines the
solubility 25 of said nononer at roomtenperature or
at the reaction tenperature. 27. The preparation

nmet hod of any one of clains 2% ﬁo 26, wherein said
met hod includes a prelimnary d ep during 30 which
said radically polynerisabl e nononmer is dispersed or
enul sified in the presence of at |east one surfactant,
or coptabtedsourndh beaidr diiquid spketient lcomprigefuidt least
113 sol ution incl udi, at | east one solvent and at

| eS8€ BRER Saﬁsgﬁgnwﬁﬁgngrmaf . The preparation nethod
of any one of clains 22 to 27, 5 wherein said nethod

includes the follow ng steps, consi$ti£g of ; %), K
ad@Png Thsi ®raparadsonmethed @f | GL1abhyher i ¥R5Fgin the mas
nmopQner . t Lution,containi-ng gaidia 1i8R3% A ution.
5adﬁ%gﬁgﬁ %P?ﬁ%?edﬁbfgpgnggﬁrgbgsgﬁds%ﬁnonéﬁﬁ?h theul6
presence of said at |east one solvent and optionally

at | east one chem.cal initiatar, _.b). pl.acin e .
soRdti HeoBrEPRER ST e 1O o%:]ﬁéa)mga]ﬂ%d dt9 3d1° wnerein the
NORREkeqlr eehgsed otonrdiyiiemscdld.owing for the

formati on of radical entities based on said adhesi on

15 prinmer and possi bly based on said chem ca

i ni_tiat C | aci h c f i d-sU deed]
10 nZIZCOn?égt %\nr%ﬁajfﬁggg%l u %&gf eos e|c"=)1'il b) .8H139.cfl'hg£&q eecing
pr eparigis, OnwRet89f afaiahy laneidf sdbipboR?2 aleR7incodes at

wherein said nethod includes the Il ow ng ste
co#ﬁ%ﬂﬁrﬂ?Qﬁ?a@@§akﬁﬁcPﬂbYFﬁ§l§ﬁ£$ﬁcQOEP%Fﬁédﬁ?%%fent from

SURRR L dH s 1 Inai th a solution containing said at
| east one adhesion prinmer in the presence of said at

| east one 25 solvent, and possibly said at |east one
1SChezr§.0aJI'he preparation method of claim 22, wherein said

radically polymerisable monomer is a molecule comprising

at least one ethylene-type bond.

24. The preparation method of claim 22 or 23, wherein
20 said radically polymerisable monomer is a molecule with

the following formula (II):

Ry Rs
>z< (I
R} R,

25 in which the R; to Ry groups, identical or different,

represent a non-metallic monovalent atom, a hydrogen atom,
a saturated or unsaturated chemical group, a -COORs group
in which Rs represents a hydrogen atom or an alkyl group

in C;-Ci», a nitrile, a carbonyl, an amine or an amide.



initiator and said at |east nononmer, b') placing the
surface of the solid support in contact with the
solution of step (a') under non- el ectrocheni ca
conditions allow ng for the fg;gation of 30 radica
entities based on said adhesi primer and possibly
based on said chemcal initiator, 114 c¢') possibly
addi ng said at |east one radically polynerisable
nononer to the solution obtained in step (b') . 5 30.

Th ti t hod f .
o1 5 s TBe B BB R HABRRBA Rel S%s OB Saartrang 22 o 2%

St GRereRhi Waid® thaigkallli Ngol@he £l il eag mohemenr f age chosen
on which the organic filmis to be forned. 10 31. Thet £
pr épamat i &Remet KFPWT  arPBHel B ecelYi ngVi&Yai ns 2CStatE:

gWheL &Eo&'ﬁrgﬁghOdm @ﬁa@?xﬁ%%PEEqaél SRR methacrylate,

functronali’'sing sal d organi iI'm 32. The preparation
nethhglof chathadtylaberei n bireyl 15 fgtdideradatsat i on Propyl

is perforned by placing said.organic fi,l.min

wi PEtRacgydatEnal &W&ﬁo e?%ﬂyl}t i &?th@&ﬁﬁ’rllageﬁg g}% eaé{I ropyl
ONgeghatly133e, Tha yRHERAr aldidRadEiMe ehaldighBderivatives;
wherein said 20°graft has a chelating structure.134PrOpyl

Theher eperpl anbdest hdd cPaEFdFW 8D, Giiter BPARCEFHY
graft _i.s a derjyvative a bi ecul d h
1Of0%uépgparinﬁe%%yi fa %%g%h Ul Get K2cPp1atBlass the

organic fil npri si ng nano- objects
( NBghnbaemya aseld, d shppodi-aoayddtey amndr ghinimethadrylates,

prepared according to a nethod,of one _of clai _
totde ViHer AGFEIEESr 1AL oFrﬁﬁ@egB%ﬁayﬁaggsplagg% i#Etra

co Eﬂél . a syspensi opepizahetBasty2aEeBaN0- Obgech as
(N%) &aﬁ%&ﬂ suspensi on sglvent and erein the film

ant etremetiremtjae hrestacphybribehén cAtwmignsitgnd its
15 derivatives, parachloro-styrene, pentafluoro-styrene, N-
vinyl pyrrolidone, 4-vinyl pyridine, 2-vinyl pyridine,

the vinyl halides, acryloyl or methacryloyl, di-
vinylbenzene (DVB), and more generally the vinyl cross-
linking agents based on acrylate, methacrylate and

20 derivatives thereof.

26. The preparation method of any one of claims 22 to 25,
wherein the amount of said radically polymerisable
monomer represents between 18 and 40 times the solubility
25‘ of said monomer at room temperature or at the reaction

temperature.

27. The preparation method of any one of claims 22 to 26,
wherein said method includes a preliminary step during
30 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




115 36. The preparation nethod of claim 35, wherein

said nano-objects (NBs) are nanoparticles (NPs) or
nanocrystals (NCs). 5 37. The preparation nethod of
claim35 or 36, wherein said Egs are netal or netal

alloy NPs or NCs. 38. The met dd of any one of clains

35 to 37, wherein said NBs are capabl e of coal escing

under the action of a 10 coal escence agent and at

| easf.ubnenz ame loflinge asurlfesss: ofne heotvepbr andcaht dgast one

mﬁta the filmconprising the NBs, is exposed to a
coaPBEEARPePAJERE . 39. The preparation nethod of claim

38, wherein said 15 coal escence agent is a
nodi fication of the tenperature or irradiation. 40Q. A
me2Bod Ther PREPARPELRE B6 thoGasitc 3 AR5 &facdd e %tznet" 27,

5SULhaeE Al aﬁ,ﬁ%l(i ,dmséuﬂeart iRAhislisng ¢ihe SkBBSowdBg steps,
consisting of; (a preparing, at the surface of a
sokbasdgpaant ofan organic fil mconprising

nano- obj ects (NBs). acgcordi to a__met ' ;
'R any Bho D 0HR 0 oo ol gpo  Bre) EaPCatid s e eanie
preRabedr Nest ep (abhhtisAncosbathin2hgWi ¢hia sot utiemst one

containing at | east one netal salt capable of being .
r eddbed Loy spirdmeEs. AL Lexendn- L r o9 v MRRRRRY | v the
sol i d _support.o [ r | Cati LS af, ordlly at
10, PR ERES 195t Satt 50o%Bst R 5o bty pAS e oilly
non-e@lseCloneC AiHamicenductitiatsupport is a derivative of
an adhesion prinmer as defined in_any. ong of ¢
KRty

1.6
to 10. Pie PIALingethgnserdttrican %?i@gggoma under
SURAQI4 ‘i‘%n-"é"l'e@cx%{bﬁngi@ﬂlc fadrind i sat efd Boenigli Nfpr  the
to claim4l, wherein the organic filmconprises NBs. ,
formation of radical entities based on said adhesion
15 primer and possibly based on said chemical initiator,
¢) placing the surface of the solid support in

contact with the solution of step (b).

29. The preparation method of any one of claims 22 to 27,
20 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 Ileast one
adhesion primer in the presence of said at least one

25 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’) wunder non-
electrochemical conditions allowing for the formation of

30 radical entities based on said adhesion primer and

possibly based on said chemical initiator,



5 43. The non-el ectrically-conductive solid support of
claim4l or 42, wherein said organic filmis in the

form of an essentially sequenced polyner filmor an

essentially statistical copol gﬁr film 10 44. A kit
for preparing an essentially é

"'ymeric organic film
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claims, wherein the method has an additional step of

functionalising said organic film.

32. The preparation method of claim 31, wherein the
functionalisation is performed by placing said organic
film in contact with a functionalisation seolution

comprising at least one graft.

33, The preparation method of claim 32, wherein said

graft has a chelating structure.

34, The preparation method of claim 32, wherein said

graft is a derivative of a biomolecule.

35. 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

1 to 34, wherein the surface of the support is placed in

contact with a suspension of at least one nano-object (NB)

in a suspension solvent and wherein the £film and the

nano-object have a physicochemical affinity.
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36. The preparation method of claim 35, wherein said
nano-objects (NBs) are nanoparticles (NPs) or

nanocrystals (NCs).

37. The preparation method of claim 35 or 36, wherein

said NBs are metal or metal alloy NPs or NCs.

38. The method of any one of claims 35 to 37, 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, is

exposed to a coalescence agent.

39. The preparation method of c¢laim 38, wherein said
coalescence agent is a modification of the temperature or

irradiation.

40. 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 any one of claims 35 to 37;

(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.

41. A non-electrically-conductive solid support on which
an organic £ilm is grafted, of which the first unit
covalently bound to said non-electrically-conductive
support is a derivative of an adhesion primer as defined

in any one of claims 4 to 10.
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42. The non-electrically-conductive solid support on
which an organic film is grated according to claim 41,

wherein the organic film comprises NBs.

43, The non-electrically-conductive solid support of
claim 41 or 42, wherein said organic film is in the form
of an essentially sequenced polymer film or an

essentially statistical copolymer film.

44. A kit for preparing an essentially polymeric organic
film at the surface of a solid support, including:

- in a first compartment, a solution containing
at least one adhesion primer as defined in any one of
claims 4 to 10,

- optionally, in a second compartment, a solution
containing at least one radically polymerisable monomer
different from the adhesion primer as defined in any one
of ¢laims 22 to 25,

- and, possibly, in a third compartment, a
solution containing at least one chemical polymerisation

primer.

45, The preparation kit of claim 44, wherein the solution
of the first compartment contain;ng an adhesion primer is
replaced by a solution containing at least one precursor
of an adhesion primer, the kit being capable of possibly
including at least one other compartment containing at
least one element necessary for developing the adhesion

primer using said precursor.




