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1 PROCESS FOR ASSEMBLI NG TWO SURFACES OR ONE SURFACE
WTH A MOLECULE OF | NTEREST DESCRI PTION 5 TECHN CAL
FI ELD The present invention relates to the field of
pre-adhesi ve surfaces and to assenbling and bondi ng
processes. it enables assenbly by direct contact
between two materials or between one material and 10
nol ecul es. In the case of two materials, the coating

" the-convent RanePS SERE ASRRRRE NG "o ¥brelnsy Ve
The i NvenloRIONER\SURFAEHE NITH e MossduLe oFd QReiERGsaY
i mmobi l'i zing, on a given surface, carbon or 15

gr aphene nanot ubes isol ated by exfoliation. The

present invention also aljg¥spibprégmobilization, on a
given surface, of netal particles, of polyners, of
organi ¢ nol ecul es, of macronol ecul es and particularly

of TRGENISHIe HIBAD ecules. In the latter case, the

present 20 invention proposes novel biosensors

conpri si ng an Taghestemerditactnasndbbai redavriead tdwe the field

rocess of the .invention, on ich are immbilized )
gneo rpﬂ%f%éh‘?%’e\ﬁ?i EHFLRFegi F‘ng THRIUIERSE ROsBRnding

frapdiepddes, ool xpeplikdes o HRAWNS BHCNg8Sect  contact
enzynes, nucleic acids, 25 antibodi és or anti body

frapremss) polysasdtratiedes, oxcebledvaet cone f mageenad. and
IhoRENEN BhodHe 8L (D IO VR AL iAME Wi | ggating

aces and espeC|§ | y~of sui e
fi mesdw@sial nreades oy efabéett kongasy anghihout “adhesive”

re pir r? dtuhceI bcl oenvaesnsteirgbrlmal. ln gs eorI s eV)a r‘hlliotuhs tr{lae; efr 1| rasl, tS n?ar terial.

The invention may especially be used for
bonding or immobilizing, on a given surface, carbon or
graphene nanotubes isolated by exfoliation. The present
invention also allows the immobilization, on a given
surface, of metal particles, of polymers, of organic
molecules, of macromolecules and particularly of
biological molecules. In the latter case, the present
invention proposes novel Dbiosensors comprising an
adhesive face as obtained via the process of the
invention, on which are immobilized one or more
identical or different components chosen from peptides,
polypeptides, proteins such as enzymes, nucleic acids,
antibodies or antibody fragments, polysaccharides,
cells and cell fragments.

The invention also relates to the use of
various surfaces and especially of suitably selected

coating finishes, in order to enable the easy and



nol ecul es on a coated surface. PRIOR ART 5

M croel ectroni cs concerns the study and mnanufacture
of electronic conponents at the mcronmetric scale.
These conponents are nmanufactuged from sem conductive
materials and mnerals, for instance silicon, via
various technol ogi es, including 10 photolithography.
This technol ogy allows the |owcost integration of

nuner ous. el ronic fu ions onto the, sane |ece f

G PG5t orae i Sondabt or AT CrtTels  or
t higo neelel & ok oWoatsed GliPSac®dr "integrat ed

circuits". However, with the evol ution of

manuf acturing 15 techni ques, the size of the

conponents continues to reduce. At the
sulbbgig of@fri ¢ scale, artifact, which were

“previously uninportant, are greatly anplified The

10

15

20

25

30

si gnal transnl%ﬁéy%(¥gé@g5ﬁyégex%ggg fﬂ% tgtég§ and

spuri ous i nt er connect i on capacities o e ac ive
commonefdcsturd hef ¢baottonibdecdepayennscaosshegnmtikesmetric
cog?onents The object of research workers and

engiGiEts | STRFRR t OCOBRORBYEF de@F§n nBRRUASCEYTPPni  from

t heggn £ 8ai S e | MRIQA NG 4 her® Z@idRd-00st ot henstance
components, the transm ssion speed and the el ectrica

25 %iemisozmp,t ionvia is Vtatm@uﬁecesmmofglm,novellncluding
ct rln naterla and t ues _f reducin
tiu? é% c%ééﬁﬁp%%nponeﬁts and” %i? 08&§FWﬁg #%e dow-cost

namiméqmucsrange. nifieroung@etsrbhat Furitg@ts< onto the
mol ecul es. The 30 main illustration of nol ecul ar

el NP ERCE OF halliceRr k8K ABKOPGHEY PRI CRRANFERK) - The
has.j . £c€ Eh&(éapmégge%'}e WP W e ohifs2oRsl dergklGateq

nunber of sci ent
circuits”. However, with the evolution of manufacturing

techniques, the size of the components continues to
reduce. At the sub-micrometric scale, artifact, which
were previously unimportant, are greatly amplified. The
signal transmission delays are essentially due to the
spurious interconnection capacities of the active
components rather than to the delay in crossing these
components. The object of research workers and
engineers is thus to use novel design methods to limit
these effects by improving the size and cost of the
components, the transmission speed and the electrical
consumption.

It is thus necessary to find novel
manufacturing materials and techniques for reducing the
size of the components and thus covering the nanometric
range. This "range is that of organic molecules. The

main illustration of molecular electronics is the
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publications. A carbon nanotube is a particul ar
crystalline structure, of hollow and occasionally 5

cl osed tubul ar shape, conmposed of carbon atons

regul arly arranged in hexagonag l|lattices. Carbon

nanot ubes all ow the production of transistors at a

| evel of mniaturization never achieved hitherto.
Unfortunately, during their 10 manufacture, both
conductive nanotubes apnd sen conductiye nanotubes are

obt Y BMTEHRE onf 1 F HBateBiREr DASY &R dFSRPEg¥ERES been

propes t igsurdde dreed t @oritde 3N URRSIHIM aigted gikRentific
order to recover the sem conductive nanotubes has

re&%ﬂk&ﬁ%ﬁﬂ%ﬂﬁernéﬂ\Rﬁnhpms panpbnbaandtsubes. Fhmtlcular
nov&% rE‘eg 95@ H;Sré' akes  qf, Ang a&hegﬁé Th'casmnally

rou €15 expansion. gr aphene

gensradaddy deslcbulhed ashape ppercdrgraiddbe. ofGacphmrﬁh atoms
turns out to be the only conponent of hij gh-

or ERAERE bh A i 1o hsxaggn M%‘H‘:%’Fé@sbe 20

represented as @ HApheRectiblls fhakes StrdCH¥RIuci®n of
difficulty consists in succeeding in obtaining a

gr mlétr@m a bkocle of 1&@PG orofgr arphmetwomatmm:g never

severaJ usa es. hn| nDst onmon .
used: v&n c(% coﬁgltré’ lé| Pnofl g%éo 3’ i ati ‘drﬂ%% 25thelr
bl Oﬁéﬁn@ﬁad‘ﬁi@e or thpoghaphi t@rﬁhc&ﬁh&ﬁl ve gheevaees IS and
shown jn Flgure 1. Gaphene is particularly

adv%ﬂ%?g@'&fi]%c%#‘f%ena’il?t‘iﬂ%e%oﬂﬁ%c?b%élﬂﬁdoné’hﬁrﬁéét PeAY the
0 ti h S t hus
po?le%fecliga]f HQVQ al\fﬁrdr{ta%&féqh:%roﬁéftﬂégp ?‘B@ rfkre%l E]H sort

|y usab remains merely t

i nseEnottee el ecobtaahedconnect i ansleat ongte he recoeer the

?E?ﬁﬁl%ﬁ%@r%@%% noéubeé rﬁggyrggggfesdankgﬁ\égaative to
carbon nanotubes. This involves using graphite flakes
or graphenes. This novel route is in full expansion. A
graphene is generally described as an open nanotube.
Graphene turns out to be the only component of high-
organized-phase graphite (HOPG) , which may be
represented as a graphene multi-flakes structure. The
difficulty consists in succeeding in obtaining a
graphene from a block of HOPG or graphite containing
several thousand flakes. The technique most commonly
used, which consists in £flaking or exfoliating the
block of HOPG or the graphite by adhesive cleavage, is
shown in Figure 1.

Graphene is particularly advantageous since
it is conductive in one direction and semiconductive in
another. All graphenes are thus potentially usable. It
then remaing merely to insert the electrical

connections along the correct axis. This process is



I mmobi | i zed on a surface in order to be used. At the
present tinme, comercial adhesives are used for this

i mobi |'i zati on. These procedures lead to the formation
5 of layers of adhesives of vatiable and poorly
control I ed thicknesses. Beyond this, the strong
nmechani cal constraints encountered during the
exfoliation process are often reflected by tears or

folds in the thin graphene fl akes. Total detachnent 10
fr qq%?%urmﬁﬁge¥gdals@qW%ﬁﬁnathQ%cuS?a? Fhfer W be

adhegiapi BfzddecQr aphanesds #6hicevRd WA be used. At the
physi sorption mnechanisnms that are thensel ves poorly

comuesidrdd. tAmeadesingr digldetfihedigesa grodueedt Har this
'S i o %gh%é%ig%ﬂ ﬂg%éog%gggﬁﬁgg%eﬁkgb§Wx§$€ﬁg @%%%ation

[
by adnesion. Adhesi on“i's hé state i h whi

st wosurfiagessar ethel ddhegetrber W i whetbdnbieal drat cepoorly
Adhesi ves are obtained by fornul ati ng several
corf RIS t hat 14588 SFES Vi deBe¥ener ngHesS: the strong

teqhnalogical fu SBEEFE%in‘tEe basg-sest Srdgadi Qﬂzxti%g:]he the
20 nane of the adhesive. The conditions of use of the

adreesiiadelat(irdreoboggeswet 2abi |afbernf refiéesgeflackes, tears or

d.the_. final. f [iti fth
s Ty Ao Chgpadl Ul | - SELBAa0 S (i prFaFhment

10 25 fohad agher barEa6eOfist B sadheisivies bt oatse. WrtbthBemore,
formul ati on adjuvants such as plasticizers, . .
surddhasian of | thergraphenest ke acbignedf ViRePRYS&RBIFpLion

ggr ac eégﬂiaérg : e tJi ?ralp e?reek}}etnggtélelo%% r ac?r;elltﬁg :bscg{t'l'lth%?eedil's
no 30 uni ver salAmadh¥saiere big def beed sevenaprdduenstbat is
farrcialqgaﬁosleOf o%dh}?gicgfgg 5f:ogether materials, especially by
15 adhesion. Adhesion is thus the state in which two
surfaces are held together via interfacial forces.
Adhesives are obtained by formulating several
constituents that each provide one or more
technological functions, the base resin leading to the

20 name of the adhesive.

The conditions of wuse of the adhesive
(rheology, wettability of the surfaces, etc.) and the
final performance qualities of the assembly are
especially associated with the intrinsic
25 characteristics of the adhesive, but also 'with the
formulation adjuvants such as plasticizers,
surfactants, fillers, etc.; the design of the assembly
(geometry of the Jjoints); the preparation of the
surfaces and the implementation parameters. There is no

30 universal adhesive, but rather several dozens of

families of adhesives.



To overcone this problem the use of electro-grafting
has been proposed in international patent application
WO 03/080748. The process allows the fixing of
macr o- obj ects onto an electrically conductive 5 or

sem conductive surface by electro-grafting using an

el ectrolytic solution conprising, in dissolved,
particulate or enulsified form at |east one macro-

obj ect constit%xed of a macrostructura

t
functi onal i zed T t IPVRTGMET BieS ol BEOPSERer i hyr gifif  ©F

10 él&&:@lcﬁgqfaﬁlld@gl M A0 dlent hgr@baebao ghaf thoerhtional
said nmacro-object onto the surface. The grafting is

Derﬁad'refféﬂ 3Pl aadtirut YR SO Df 0§ ikt &ol The omr@@w@ 2hkows the
COTUELY 0 1p 30 SO V5,081 L1081 10 DECROR, BB crive

5red:uct$@m@dsn®h@t:iv@ Qurﬂateomofem&cs@nﬁﬂmmg aising an
grafted coating of the macro-object or of its

corfd&iTEa 1ot 35t od RGP ai CARFLREI HowelRr, EhPEOLVed,

thlrmﬁés bim érﬁ@lé?ffé&‘?tfrdﬁfﬂ | Xtcoi@é‘s%' ‘b%eormacro-
sem conductive surfaces and it also requires the 2

pr e:skmm’et of cspretitetedoupofat tehe smﬁtcfmtmcwﬂeal part

obj cts raft Inteflel

m cfr?‘g]eci c(ﬂ g‘rﬁZ%Cf‘ ‘é’f‘?an & g?aés bis 3R Iy uesce%r? jetive group
10 MOAEAPLHBIE soBubtangihy &ans athe et tasd- @d‘a&ffthlrt@ of said

di functional nolecules, which 25 | eads to strong bonds )

bet“%@é‘é??"t%%fa@étﬁnd he spsdirdaceonele, Fefting  is

?Elﬁrn(&?cb 'éYe?Er$D§§fs { QH@dsséﬁuil,i)a‘harﬂpslng the

res annealing ten exceeding 100C to inmmobiliZe
f| resinduret isid apes samidmndugtiiace, sunfabet rteafbenmqamed as
that . nevertheless . 30 renn

f il b
redti9 y "R ArOPy SHTE Ta, BubREdtan( TSy, IERE: doar PRESETO"

15 reduction or electro-oxidation of said solution, a
grafted coating of the macro-object or of its
condensation products on said surface. However, this
method remains limited to electrically conductive or
semiconductive surfaces and it also requires the

20 presence of specific groups at the surface of the
objects to be grafted.

In the field of microelectronics, silanes
are usually used for modifying a surface by means of
chemical grafting of difunctional molecules, which

25 leads to strong bonds between the surface and a
species. However, the chemical reactivity of these
compounds is low and requires annealing often exceeding
100°C to immobilize first the silanes on the surface,
with the formation of a siloxane bond that nevertheless

30 remains readily hydrolysable, and, subsequently, the

coating.
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6 D azo-resins have been used for formng nmultiple

| ayers of enzynmes or of polyoxonetallates on the
surface of various materials by electronic

conpl exati on and then photoreaction [Materials
Letters, 5 58, 2004, 3441-3446 and El ectrochim Acta.
49, 2004, 4777-4786]. This process remains |imted
since it requires the existence of electronic
interactions between the species intended to be

deposi ted on t H&328uFPEeBSanlYRe BP&Z0-F88PNstO¥ n Torming
adghhicQpiel 114088 N8 eHays ar t grald AWHAldtaNd ates on
with the surface. In the field of biosensors, a w de
vathet y seffapal ytdfcal vaysouas Meateeieels debyl opeltectronic
Thes L,osensor.s use.enzymes,, proteins, .

anerTBa et 0 e Phet} R EUTER LR fideriars peteers,
celblss, 20045 Gemhi-nauiconamdt Elelectocbdhem zata. 49, 2004,
optical, piezoelectric, magnetic or therna| _ .
tréﬂ§5668@§J- &3&%%$6ﬂ§9%ﬁ§rnﬁﬁﬂﬁ¥4ﬁ;i#ﬁﬂ#ﬁﬁﬁwﬂ%ﬁnée it
ai &%%patresacc&{@' | ehiBeehbe deleectd o dTo! £6tl fad fions
a sarple that is often conpl ex. The crucial phase o
nolbetuean 2the ecpgruitdsoninsepdeflortredbby depositoddt ba the

bi or ecept or, ich.is usually an_i iLli.zed

o1 GBGPES AShyentL 2P P RF HI® { haPo SRR | dyerdoes mot
Dutigpatrh@ oreliae afrateeRmithofhet Barfaeeence of the
target nolecule is_ directly or indirectly reflected

by a signal. The8 Zhesjfirald nal BéCARNERKSsi Gn Wwide variety
ph n appear ti odyct r

va?)itfgt %)r}}é{llqﬁclrmss, %g?r%el égt@rgl cg%eg{ opertélfe(g .eQ?‘heaThese
sebdodepsase, kmoywn aset henziymass dugirardiangpl | fagaibodies,
phase, has the role of_. collecti and_transform

t ags GLs,

hPCdtdiral AThE a F0°HEERTFEBRT £I€P ecPFi ca*VEurr in
Thepmuikatdata my Hech electrochemical, optical,
piezoelectric, magnetic or thermal transducers.

Biosensors are measuring instruments aimed at
accomplishing the detection of a molecule in a sample
that 1is often complex. The crucial phase of molecular
recognition is performed by means of the bioreceptor,
which is wusually an immobilized biological component,
forming the sensitive layer. During the molecular
recognition, the presence of the target molecule is
directly or indirectly reflected by a signal. The
signal may be an emission of photons, the appearance of
reaction product(s), or a variation in mass, pH or
electrical properties. The second phase, known as the
transduction/amplification phase, has the role of
collecting and transforming this signal into a
measurable electrical current. Then, the data may be

acquired and processed in the form of numerical values,



acqui red and processed in the formof nunerica
values, 7 which represents the third phase of data
acqui sition and processing. The success of the
functioning of a biosensor isyclosely linked to the
satisfactory synergy between the various conmponents
of which it is fornmed: 5 the support, the

i mmobi |i zation nmethod and the detection/transduction

system. The generic term "biochipR" includes a set of, .
andIHeL aF SBEGPEBES eBepfoidndd o Gk P gtaudbition
derdikedpi-bersthagdevelOprRRe sHBASE f @hebi P5RAEOESInd0 of a
Bi ochi ps conprisé several recognition conponents,
gerdirqadnsan rihgetose e binkedetonthegeathssappory, synergy
Wi t e 1.0 ' Thys I ,
of i oife s VR oo TR ke SEUwpdeh o SR FBkmea:

5 Si zehd f r eoppoicew m thé metime®iid izaftdwncenhétkrddes)andl5 the
enablinq(ﬂsa urenents to be taken on small vol unes of

sarffte&e WA i$YEER0 a few microlitres)

Speci fical l'y, thg operaliag tirhChpl ScRipi QekiBgelS a set
based on that of bi®sensors, with, in addition to the

i ntafr aned yhjistedm dppicash, whote oriedingdegiar iaxgt i partly

20 and. parallelization.. Generally, the biol.ogical

e or Bl eeons " e Rt lens | Bel s8% CRiosepsors.
10 paridlig® t kempHilsace sévarsuppafdcodfaitiinis components,

categories of biochip exist, including DNA biochips
andPeRRAREI N BrEeRoss, Towpl Sentéde byPThept i He Shd Support,

su 5_ bj I pS- 1WELhi 5t 8g0r ¥, & he, deglk ed t
ap%?%%%t?oﬁ8£§a§ be ifﬁgfgﬁ?£3|t‘ﬁ§y éuehv?saged to oo
quanf | babmeékypuldet eid thwopiéieade wf a tsarfece of small

LSS (B |00 OTRLSE-BATLE, 0Tcd P Bkt
151 MEihi 784 mBablifements to be taken on small volumes of
samples (from a few nanolitres to a few microlitres).
Specifically, the operating principle of biochips is
based on that of biosensors, with, in addition to the
integrated system approach, notions of miniaturization

20 and parallelization. Generally, the biological
components are arranged in the form of spots, aligned
parallel to the surface of a support. Various
categories of biochip exist, including DNA biochips and
protein biochips, complemeﬁted by péptide and sugar

25 biochips. Within each category, the desired application
may be different. It may be envisaged to quantitatively
detect the presence of a target molecule (assay) in a
complex sample, or to study the interactions of a
biomolecule on a set of molecules immobilized in the

30 form of spots (screening).
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30 formof spots (screening). 8 The support and the
nature of the bionolecules to be fixed inpacts the
i mmobi lization nethod to be used. Generally, the
choi ce of the support is itsegf inpacted by the
detection nethod that will be 5 used. "Active"
supports and "passive" supports, with regard to
detection, may thus be distinguished. "Active"
supports are cqpductive na%eriala, used far

[ [

el ect r ocheni cal*Afet e SPPERE tand?B Bi | iBHShs ©F  the

(ampeiRidyLed NRRAAREE, £ keG4t raGhaiid UHeSeRNEBL1igAtion
10 are optically active (CCD, [Mallard et al., 2005,
Bi oeriiuust £ 1B cesedt reenesalby, tie3chgrop) ofThee support

i mmobi ). i o I d ib .
vafﬁ%dygégﬁéyngggéggg:?gi%%éa%%gggﬁﬁghtﬁgt? g ﬁg?ﬁrglll be
of %émaij nt“AE:ad;\rieﬂnSSligp}]V@i‘t/sd.an@’mhga‘shﬂ'wéi’) exippams, with
nmet hods are (i) impbilizations w.thout l.ent. ,

gr HIHF i n{:/él vidft &t isor pfiidn, t%ﬁ‘ﬁs;J ]?‘%g\pl)gil%glpﬁués’hed'

gel « Qb B, POl YWBHoritRY 04 ¥é NG driitcti®idYmaberda160f used for
hydr ophobi c or "él ectrostatic type, or mechanical

r eteird wrpdheral ¢rl wor R Fe¢tions” cosaféar 2@mmobilizations
[ bilizations, i.n [ "co ing" '

L T e T R
betaeen opat el Beulpsciangl s(qumr t . [Madderqel | &t | :lt.he 2005,
sinpl est nmethod for _inmmobilizing biologica
co SOr§ 1 & BHopHRSt oMt c25 2%erb@1?h&%@%klions

between the supprt ang,f5g; piogpliesul esmethBas already
adsorption capacity of numerous supports

surdeser tioed f aad wiaflh datmgo wds keichlassifbefypsicpyAdéng to

PO U T B O Fe RS pagl LM BLR.  amons e
existing methods are (1) immobilizations without
covalent grafting involving an adsorption, (ii)
trapping in a gel or a polymer, involving low-energy
bonds (of hydrophobic or electrostatic type, or
mechanical retention in a network), (iii) “covalent”
immobilizations, in which “coupling” chemical reactions
lead to the formation of covalent ©bonds between
biomolecules and support.

Adsorption is the simplest method for
immobilizing biological components. It involves Ilow-
energy interactions between the support and the
biomolecules. The adsorption capacity of numerous
supports surface-modified with compounds such as
methylsilane, polydimethylsiloxane, polystyrene,
polyimide, thiosilane, epoxysilane, polyethylene
glycol-silane, aminosilane, agarose and alkanethiols

depends on the degree of hydrophobicity of the proteins



30 glycol -silane, am nosil ane, agarose and

al kanethiols depends on the degree of hydrophobicity

of the proteins 9 to be imuobilized. Oher materials

may al so be used directly forgimmobilization by
adsorption, such as polyvinylidene chloride,
acrylonitrile-butadi ene- styrene,

pol ydi met hyl si | oxane, nylon, charged nylon, 5
nitrocel I ul ose or. napopqrous silicon.. The use of a

SUPor PeWRTEIOR a8 hoS MM bt L8 WiAth aiso  be used
pol yd s e, QY (aldmdiAn inRde i @Ml alisdepelionQdi Bllch  as
pol y(styréenesul fonate) allows adsorption via

el aaosinliddns ces. chborhéee trappirigomndthdds-butadiene-

conpri si , | oo tion jn.8 g
po {g;%?e 1{]oerq c E{Eﬁgf%lgﬁsﬁagﬂr}%%nlgl Oglrag{l?u se 31 yl ln%n\/ ar |%(IIJ1 i gsyé 4 nylon,
5 manfetsocdilusd ey Meirs nasiepordyisbespbliygwhnyl The use of a

derivatives, polyethylene glycols, dextran or_ . _, ,
ani TR Y an WHAHEY nsfP &S pitpol i §ordfigd  with

al ternaftvgly, elRely Aol Yran®id )z abhyRr 2eb8%e or sodium
pol'ypyrrol e, polythi ophene or polyaniline. .
Co-polstitiyrenesubiqrateehl |y perlarsred IBetowamt ign via

protein of interest and a neutral protein, wusually
Bsff%%%%t%e+% i pun n), and in the presence 20 of

10a coupling agemthesgener akkypglittar al dedwlieds The comprising
trappi ng nmet hods generally make it possible to
i NCRERRISUI ML 9R ot EPRCBRAPBed Tpét IRt t O&r &a. PRFYTGT t § <O

imﬁ%%ééffﬁﬁgﬁ%uéfé.h@%dn@H”@gr'6ﬁ§pﬁ£ﬁﬁ§§3gfThe polymers

recogni t1on interaction of certain
nol esed es maSt r epeavi dohybioyin ctriplvaigives, polyethylene

redom nant| dinthist f - | ent
BT TT YAt | oSG t 65 vePLBOPERG AT | ni Ty bet MR D€

15t hesEot ¥o BpReF£galb ke, = 18r15 Miterhbitsverihodelectropoly-
Coﬂié?igable, such as polypyrrole, polythiophene or
polyaniline. Co-crosslinking is generally performed
between a protein of interest and a neutral protein,
usually BSA (bovine serum albumin), and in the presence
20 of a coupling agent, generally glutaraldehyde. The
trapping methods generally make it possible to increase

the protein charged per unit area.
Affinity immobilization wuses the natural
properties of recognition and of interaction of certain
25 molecules. Streptavidin/biotin coupling is
predominantly used in this type of non-covalent
immobilization, given the very strong affinity between
these two species (Kd = 10™*®> M). This method consists
either in immobilizing streptavidin (homotetrameric
30 protein) or biotin on the surface of a support. The

immobilization then takes place indirectly by means of



either in imobilizing streptavidin (honotetraneric 30
protein) or biotin on the surface of a support. The

i mobi lization then takes place indirectly by neans of
10 placing in contact proteinoeor another nol ecule
that has been | abelled beforehand either wth biotin
or wth streptavidin. It is also possible to use the
strong affinity of this streptavidin/biotin couple in
order to 5 jmovbilize garticl es of |

(PRGN A O PRR bk ooT APphfer RelPapte, that has

t eqlilug aBRHES Al the POSSHDME, DMHEANGi0h ShiSPiRVidH Nwith
beads bound to a support activated with biotin, to

i nteentavidignoudt 9 BilSlogpedafilpdhe ertical use the strong

[ i . r it tej y
or o iy PE L o BE Bl IS/ B PoPLRt COBIS UER BRaer co
5 speimirfdiei 1iter part0olebt bfanlabedi edzef otpoExsinptene beads

Bi ol ogi cal agents of this type are generally adsorbed |
ol CKORE e 3 BBl yai ey TR v et Rakes it

Precoupiing Woth glatgr @rdebydept Svyatihouseduadr 88lhb o a
15 "pol yners (pol yet hyl enei m ne,” dextran, polyvinyl
al colmperankabieatedn witd 3oket Hopr 6pylindusdssxythe amount

sil . Chem cal _nmethods for nodifyin u e e
oSt O TR ST Kt hot BRaPETedanfeR pdE LAz BRG other
1020 grotdlirss Gaseh ddepsopPpdns Ahanbidchase Bt tbed for their

surface reactive chem cal groups such as_hydroxyl,,
amRePe & eRY d S P el REGF BEXYPR é@it&’e,a%‘w%%%es' for
hy PAANE . OB BbghcgLoWRR s 05 HeEREQ REFSOT 81 11
coSép I ng rea%%%o%g. chhelég%ett%ods | eadi ng ‘to cov%l gr?tnera Y
coupdsawgodbtowem the 26rfapporf andythwebhyhsliéowbae or by

e S S Sy AP A LB o
15funsdi@ned theditesiia)l diseitniase, dextran, polyvinyl

alcohol, aminodextran and 3-aminopropyltriethoxy-
silane) .

Chemical methods for modifying surfaces are

used for covalently fixing proteins and nucleic acids.

20 In this case, the support should have at the surface

reactive chemical groups such as hydroxyl, amine,

aldehyde, epoxide, carboxyl, azide, alkyne, hydrazone

or thiol groups in order to perform coupling reactions.

The methods leading to covalent coupling between the

25 support and the biomolecules depend essentially on the

nature of the substrate employed. The various methods

are presented as a function of the material used as
support.

Glass is commonly modified by using silane

30 chemistry. Methods leading to the formation of self-

assembled monolayers (SAM) are preferred. These
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support. G ass is commonly nodified by using silane
30 chem stry. Methods |eading to the fornmation of

sel f- assenbl ed nonol ayers (SAM) are preferred. These
11 techniques consist in generating a nonol ayer of

al kyl si | ane conpounds, which functionalize the gl ass
surfaces. These silanes have at their term na
functions enabling the creation of a coval ent bond

W t h t.he bi ol ogi cal t, h f ti be f
ox RS EHP R FES A5 Ear Boky| TEGEIE n 8 dBKRAAVET  of

hy drigplsi1smhe h'k:@{n%po@nﬁ@, ei {h J€h O fFieh SLicH Tl il e et eglass
function. Anong netals, platinummy be preoxidized,
befaywrfassisng chbaseal |5 4 i edaiict h Ak nddi9ighesterpinal

In Qr . 10 ! t ho [ Oy;4

tnd i SR i SiPantol SF g e gvat €y B wien
pr eftes rieth1ddiasel t agént gueschoifsingtt iion ngandvat fog example
nonol ayer of thiol_ conmpounds, which functionali zg hhe
golaP sif¥RRes? FRELPHY fLFoﬁ'SPidzetfr%LSa]g‘g&ﬂYi%'rf%%e YRERXY L,
has, RPREN t i £mALPENHN B0 the Chfin ad efidy ath@ion.
the functions that are available at their extremty.

Thus, the depodintcay |npiaks ar plehésen awya b¢ upgepsadized,

of .t desired propertiges; 1iambillzat ; :

adSBH% ,ejcrb(i/acf}g%?l%%lﬁf inhog lorlée(% é‘zltﬂrrgc%]em%sa laibes'

transduction. Hor éigerlevel apeerjold supfords, | thendedhods

for SPR neasurenents, two techniques_are $redom’ nantlé
yers

usekpading chenithe yEermehiohs 4l one! L aies MRleheMPRrr
of fduw s f%r'g%eE9E¥g@ts Xt rafctyPPued N EBBsist  in

case of thiol emstry, the gold surface is
chemgroatdtyli®p tacamenodayes t ®be thieli opanpeeddai t hwhich

202121%'{ & oergalofze argr?ee_ aglokl%etSIHr a’ceV\s">h.i Ct%‘hieS tf'&%%tli%%glized
gold surface then has properties depending on the chain
length and on the functions that are available at their
extremity. Thus, the deposited lipids are chosen as a
function of the desired properties: immobilization by
adsorption, covalent coupling or electrochemical
transduction. For the development of supports intended
for SPR measurements, two techniques are predominantly
used: the chemistry of thiols alone, and the chemistry
of thiols bearing polymers of dextran type. In the case
of thiol chemistry, the gold surface is chemically
treated so as to be functionalized with a monolayer of
amine-alkenethiol, which i1s then vused so as to
covalently fix the biomolecules to the support. This
technique has enabled the development of biochips for
detection by SPR imaging (SPRi) wusing immobilized
oligonucleotides, immobilized proteins of low molecular

weight and immobilized carbohydrates. Immobilization
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covalently fix the bionolecules to the support. This
t echni que has enabl ed the devel opnent of biochips for
detection by SPR inmaging (SPRi) using i mobilized 30
ol i gonucl eoti des, imobilizediproteins of |ow

nol ecul ar  wei ght and i mobi |l i zed car bohydrates.

| mobi lization 12 involving polyners of dextran type
is also wdely used for the imobilization of

blonDI cules o supp fo SPR Thi.s tech e
s e e, S e b NG R BEXBSr ey Loy e 1Y Cusea
t eGyH QR GOMEISIIS ddt sl NeE %Hdlﬁﬁmb@.'[eé & i gbZ@dsupports

(carboxylic acid) dextran polyners in order to fix
t hdégi GRA ecThes beahrbyadehf EB8pIOTY USRSt dih. thipecompany

carian-hased sy d [ 2EEeon RLE cBALILEY @L?Jy D@ eRlhated or

gl assy carbon ctrochem cal
as d}{ldammﬂjce:aaibdmehlﬁ asanrd)acmsxteram |p@lmejjg@nm edrder to
functions. The conditions 3_|red are _an aci

e dhiidmBsn PIom Cd%]ﬁsndlap ReieAt GPH 1\1?9\/§

The carboxyl fupgtions dfidon-akpray at t@@rg@@égce canmore
then be involved in coupling reactions of carbonyl

/ pmawmﬁief t yﬂ@s%ispe(mal | ygUZSSi t h €2VR_D| i nkibay — be
age ene e | ene
fm%iﬁM§¥q) %ygkgg$hese %&%cggsﬁgﬁﬁgg?bggh the

usedirfficd ﬁﬁébbth%e ng:;@f‘s_l{érﬁsttfe&hdﬁuncohbgen ucltesot cdﬁdltlons
probes and enzynmes. The ¢aqnpany ﬁﬁﬁynetrlx r) uses

20 TaBigIed ho?glf%ph??& t BCRALGuUe MATHLMY) | t h@m| n°§ﬁfiazmg
?%ﬂ%ﬂﬁiéﬁ el gofi de_ @E@besTﬂéﬁﬁé¥Eéﬁyi|f@ﬂcﬁﬂoﬁ@ethat

ace of a quartz chip (1 cm) To do this
chappmlr mpthﬁgsueéatiﬁoﬁaslt é:pl@rarm pem'f@la‘n@@ ip coupling

SEUhi o LB aLSE} AN Phes JhERE de! cebbdRianty
with cross-linking agents: ethylenediamine alone or
ethylenediamine followed by glutaraldehyde. These
processes have been used for immobilizing DNA strands,
oligonucleotide probes and enzymes.

The company Affymetrix® uses a
photolithographic technique that allows the in situ
synthesis of nucleotide probes covalently fixed to the
surface of a quartz chip (1 x 1 cm). To do this,
chemical coupling reaction steps are performed in

sequence, with deprotection steps. These deprotection

steps target =zones of the <chip by means of a
photolithography technique: a mask having the
appropriate apertures enables the chosen

oligonucleotides to be deprotected for the purpose of
coupling. This method makes it possible to create chips
bearing up to 1.3 million strands (in total), which may

represent up to 10 000 different sequence spots.
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phot ol i t hography techni que: a mask having the

appropriate apertures enabl es the chosen

ol i gonucl eotides to be deprotected for the purpose of
coupling. This nmethod nmekes it3possible to create

chips 30 bearing up to 1.3 mllion strands (in total),
which may represent up to 10 000 different sequence
spots. 13 ISupports of polydinEthyIsionane ( PDVB)

type may al so he used for gcoval S.

The chenistrygﬁ§8§ ﬁvol%gs #ﬁ)§m§ﬂ% pﬁ@é@§2%§3§§ (PDMS)

t B%&’ ussd D@l Bssus&d | Boe ebealshtyiappbiilzabions. The
after 5 oxidation steps, either via the oxygen
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support een a re’to unc l1zed finally
\Mtdxiﬁdﬁmmn stepsotenthémavf&»ﬁhafmswgmn(ﬁﬂa$ma|meth0d

aci di ¢ pedi.ym and |Ian|zat|onh%g has_enabl ed .t
covdi efit3gr i"ﬁﬁtg‘f’ FrolEddi%e s" At I & pﬁrrgf(éfiﬁs “in acidic

pPepiddiasn ormiel & geppel et ndes £ibae JuPuruess kboun asle to

"el ectro- addressin of bi onol ecul es are recent
i mhbi finational heefodd nafilystwitdh orollaygrePlariotin. The

mdﬁkgl‘&sedaﬂép %Qi%gtghgcgﬁ'lo%oélydﬁlrﬁ :|.1§mu51 b s@ianiz tion
appl'ying an ~electrochem cal potentiral to t e spots o?
a SeicesnalPpléedt edegicaphileatelgetfittadey mwrvaleayses such as

nodi fi ed bionol ecul es are el ectro-adressed to the
spcﬁ@tﬂrﬁorﬁ’%ﬂ@es|%D‘b}r3r$%tfﬁﬂo?f’a‘ﬁ %1 ectro- 20

addressing is rggent teehpelbegy thakneppearag W t helibetro-
research conducted on conductive el ectropol ymers. By

defaddrémming'hesd dptomolserles sreuckerent plogebdd ipption
T RHRAT on. T RS pot ShERP 85I e Ry TR Ter ve e @
electropolymerizable unit. By applying an
electrochemical potential to the spots of a screen-
printed graphite electrode microarrays, modified
biomolecules are electro-adressed to the spots.
Historically, immobilization via electro-
addressing is recent technology that appeared with the
research conducted on conductive electropolymers. By
definition, these are polymeric structures produced by
electro-reduction or electro-oxidation from monomers in
solution. The polymerized films have conductive
properties that originate from electrons high mobility,
due to the conjugation of the C=C bonds, along the
polymerized chain. The first biosensor using
polypyrrole films was based on the trapping of an
enzyme, during the process of electropolymerization of
pyrrole in solution. This technique exploits the

capacity of pyrrole and/or derivatives thereof to form



25 properties that originate fromel ectrons high
mobility, due to the conjugation of the C=C bonds,
along the polymerized chain. The first biosensor
using polypyrrole filns was hased on the trapping of
an enzynme, during the process of

el ectropol yneri zation of 30 pyrrole in solution. This
t echni que exploits the capacity of pyrrole and/or

der.i vat.i ereof to for 4 nsol ubl e fi
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i mobi lization matrix for the enzynme, but also
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ARG dNSRE: 1SSt ediBted MDoiBj OThel a?ﬁﬂ%m@frs used are of
i mobi i zation |nvoIV|n% el ectropol yners may_be

Y

di stivepdeshatRtyre st | §o ihléll-haé%hanP@é}z’pY%-’Fabﬁr ngPefyacet-

b|o Iecule e r %ﬁﬁﬂ' ation process,

whilch 1% Qﬁ@ﬁﬂyqéﬁk|ﬁagﬁ%ﬁeﬁ§§h ar ﬁilght nol ecul es
1015 SUCh as promﬁidrfg ﬁndsse@ymtlems t hewo major classes of

copol yneri zati on of , nmononers of rrole

ith
m(ﬁﬁWQﬁﬁﬂ¥%§t¥Qﬁmt|%F¥9}%§%9mntﬁ 9FF8P8£%ﬁ$¥€{tTW3Y be

! at&%ﬁ idd ZatF'l%t'lsy moggeef $hed®hiéDI” trapping of
iZing “small™ bionolecul es such as

OI i pjoonml eoilekesdoriag pﬂ‘leyp@bﬂ?‘@légpcbﬁmeﬁ%\?a‘él@@ p&ocess,
otk BRI o Bl EAECHAET BB Rl cunes
151 N S@lugs i ¥Eoteins, and secondly, the copolymerization of
monomers of pyrrole type with biomolecules
functionalized with pyrrole units. The latter
immobilization is more efficient for dimmobilizing
vgmall” Dbiomolecules such as oligonucleotides or
20 polypeptides, but may also be used for high molecular
weight molecules. '

Enzymes of oxidase type have been
immobilized via this technique in conductive
electropolymer films: polyaniline, polyindole,

25 polypyrrole and poly(o-phenyldiamine). Enzymes have
also been immobilized by electro-addressing, especially
an invertase in a mixed film of polypyrrole/PMMA-co-
PMMT (polymethyl methacrylate-copolymethyl-thienyl-
methacrylate) . Similarly, a tyrosinase has  been

30 immobilized by trapping in an electro-generated

polythiophene film at the surface of a glassy carbon



el ectropolyner filnms: polyaniline, polyindole, 25
pol ypyrrol e and pol y(o-phenyl di am ne). Enzynes have
al so been imuobilized by el ectro-addressing,
especially an invertase in alfi xed fil m of

pol ypyrrol e/ PMVA-co- PMMT (pol ynet hyl

nmet hacryl at e- copol ynet hyl -t hi enyl - nethacryl ate).
Simlarly, a tyrosinase has been 30 innnbilized by
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derivative has been el ectro- addressed in
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D- noradrenalin. Myreover, a network %
eIe%%¥%@es Using this same co-elec ropof%merlzatlon

approach, a biotin derivative has been electro-
addressed in a polydicarbazole film at the surface of a
glassy carbon electrode. This support then allows the
20 immobilization of an avidin-polyphenol oxidase complex,
and thus the detection by amperometry of L- and D-
noradrenalin. Moreover, a network of 48 gold electrodes
of 50 pum x 50 pum each has been used as the basis for
the electro-addressing of copolymerized
25 oligonucleotides and pyrrole, using strands 5'-modified
with pyrrole. This direct immobilization method was
also used for the production of a DNA biochip. Based on
this immobilization method via co-electropolymerization
of pyrrole derivatives, microelectrodes modified with
30 polypeptides have also been obtained. This method of

immobilization via electro-addressing was also used for



of 50 pm x 50 pm each has been used as the basis for
the el ectro-addressi ng of copol ynerized 25

ol i gonucl eoti des and pyrrole, using strands
5'-nodified with pyrrole. Thiig direct inmmobilization
met hod was al so used for the production of a DNA

bi ochi p. Based on this immobilization nethod via

co-el ectropol yneri zation of pyrrole derivatives,
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pl aamerEales ofemnteat ings ngf( SRRIgPNUTHESt1deF e been co-

deri.vatives of Ql. ugle de b 0
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sensitive layers is then performned by ans of a [

aeﬁﬁﬁﬁkﬁkﬁ§l¥éwe§§s%§ h?ﬂegﬁﬁﬁ?ﬁﬂﬁﬁ' cH'SEHE af Eo "pin-
devel apethd Q8 £ gy m’%%tlémzat ir@8 Oéﬁlﬁéma@pﬂhsoaa-}hes\%.s also

systens for electTo ressing b
" pideet brped shut t ey " irorelkyol iz daen el et eiedsi bl e to

form spots of ipnsoluble fil of _pyr 0
pyrrol e-oligon éﬁ?lﬁ&?tem py%?gleggégggé BSHQ§ESﬁBg by

101t poBsidlectodpker SRR oRagoldngnive widde pistfpbﬂambée to
qualities equal to those of standard i nmobilization

sysﬁ@ﬁ% 06V el OhretiiP 3P e difddts eldet lpé(rgt? ree§’§f’ﬁ§lns'
LRI RSk ool gt cnccians, eing
nDnDESpessihmettoniaKﬁnszﬁafmeaguoémantﬁoWbtbtp@rﬂQrmance
SOl SEABLEIL 0 LHeE IAICLBTS | S 4 0BEEH DX JRANS e son
15€l egy s e8RS, has mhea hearhasedti Andigdectt @ lisualopdiressing
on gold uses a network of gold electrodes
functionalized with a monolayer exposing hydroquinone
monoester functions. The grafting of amino-biotin in
solution onto these functions is triggered by means of
20 an electro-oxidation. A network of screen-printed
electrodes has also been used in order to develop a
method for the immobilization of electrochemically
addressed proteins. Thus, the palette of sensitive
layers that may be obtained by means of
25 electropolymerized £ilms is quite large, and may be
applied to the immobilization of proteins, antibodies
or oligoﬁucleotides. The biosensors/biochips thus
produced also enable both optical and electrochemical
detection.

30 Immobilization by electro-addressing of

biomolecules based on the electro-reduction of
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met hod for the imobilization of electrochemcally
addressed proteins. Thus, the palette of sensitive

| ayers that may be obtained by neans of 25

el ectropol yneri zed filnms is quvte |arge, and may be
applied to the inmobilization of proteins, antibodies
or ol igonucleotides. The bi osensors/bi ochi ps thus
produced al so enabl e both optical and el ectrocheni ca

detection. 30 | bil,i zati on el ectro-addy essi ng_ of
bigﬁﬁFSP&ng ﬁggg% oﬁsfheaglegﬁ?o-PgaﬁEPﬁonébTel7 sCarcely
di @é@@l@?eaal t§nis, protbsspreseMadddreonscaheel yarticular
devel oped. This process is based on the particul ar

gr aeiffg ngr operePes térst heodr yl Bhazonptil dapegnium  salts

I nt, t o719 ou
T SRR R DYoo e & by Euinl Sge] gF The
gi Anmrivars aHesninmyl s diertyed 1firgms saBi-Isissa ] -

erivatives, i n acidic ,solution of Na s ( thi.s
diazoniun1saltqﬁgy fhagropeUTe| g8 FS-r@aﬁggﬁetog%ﬁﬁadtofrom
t heialigRs ¢eafi vaidinREen idNGn Heild d ke 1harima i mefvoghn
aryl radical of high reactivity; (c) this radica

becomes graftedbont cchie dapranéunf tIrltel eBBVoddhen be

that, provi ded the el ec equir far. dt -

el ee&e%&:_roe l?%lllcoe% et,&) c%%/% eE{) %gﬁd%le%&i c?fypré}?%?%%r,l and
i N pehittle X oradierg@dfd arcehsill radickdl ofl hignaeact@vity;
(indiumtin oxide film, platinum copper,

hite,
di amond or si | il€dn. tMREEeRPrYCoG (RS grefrabednto the
| ayel Has ban ohd ained Rl eehredepasiiddd t¥He electron

di azonium salts prenodified with a mal ei m de group.
Therdopuiered hisr obtai rédéchup-sedscgdont | Y eovplent bond of

fqusiqg%kg%%%Rg}rhgiwlBgﬁcflmggeﬂésggidvnkgggh§§ nickel,
zince, ITO (indium tin oxide £film), platinum, copper,
graphite, diamond or silicon. Recently, a type of
activated layer has been obtained by electrodeposition
of diazonium salts premodified with a maleimide group.
The layer thus obtained may  subsequently be
functionalized with biological agents or molecules
containing a free thiol function.

The electro-addressing of diazonium salts
was used for the first time on glassy carbon
electrodes, in order to indirectly immobilize an
enzyme. The electro-grafting reaction was then used so
as to functionalize the entire glassy carbon surface
and thus obtain a layer of phenyl acetate. This method
was used to derivatize the surface so as to achieve
covalent grafting by chemical coupling of glucose
oxidase. This is thus a matter here of an indirect

method of electro-addressing. The diazotization
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containing a free thiol function. The

el ectro-addressi ng of diazoniumsalts was used for

the first time on glassy carbon electrodes, in order

to indirectly inmobilize an 23genzyne. The

el ectro-grafting reaction was then used so as to
functionalize the entire gl assy carbon surface and

thus obtain a | ayer of phenyl acetate. This nethod

was used to derivatize the surface so as to achieve .
SOV 41 |y By EHEM Q2 TYRUBYS ny o1 = HP G cBeer gpeed in
oXigflars: Thi sgrsrthus aipRtihermdesBapér an a ngipeeh-aniline
met hod of el ectro-addressing. The diazotization 18 = |
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for streptavidin. This surface enables the fixing of
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el ect r o-addr essi t hod far. or. [
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el R str B8 EWASBntio CATHCHYRPTNIGIAZ OB et (Y, HRP, via
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ar yl gy onb ginsc 601 ber Uy af tededsurRpas iwhaeh peatbles the
detection of hydrogen peroxide by cyclic voltammetry.
It may be envisaged to broaden this method to a wider
variety of supports, on which it has been shown that
aryldiazoniums can be grafted, such as iron, platinum,
cobalt, nickel, zinc, copper, gold, ITO and silicon.
Recently, a diazonium salt premodified with a maleimide
group has been functionalized with a DNAgs [Harper, J.C.
et al., 2008, Langmuir, 24, 2206-2211] and then
successfully electro-addressed.

The main drawback of immobilizations by
adsorption is the virtually systematic and uncontrolled
desorption of the biomolecules. The reason for this is
that the energies of interaction between the molecules
and the support are sensitive to variations in pH and

ionic strength of the medium. This phenomenon may
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20 cobalt, nickel, zinc, copper, gold, ITO and
silicon. Recently, a diazoniumsalt prenodified wth
a mal eimde group has been functionalized with a
DNAss [Harper, J.C. at al., 2008, Langnuir, 24,
2206-2211] and then successfully el ectro-addressed.
25 The mai n drawback of immobilizations by adsorption
is the virtually systematic and uncontroll ed
desorption of the bignvlecules. The reas%? for i

th i
that S ok oPERTRAS | nEBTABE; BT SBYEwET KEShI Hh  FREPLIex

ancghddie SHRPOEs MR 1SeNSidanya 0 variations in pH and
30 ionic strength of the nmedium This phenomenon na

19 arise, for ThganpPealenti igueazblizaierdor Pid bﬁoXogical
co l'e)éztsme g&ra éi?cgl%iog?}:g{lﬁg/ Sggpl@e%. m-gl%ccfﬁ\é@ eﬂ]roceeds
i ol ogi ca obj r of

|mmﬁ|zat|ono bjects o

bi @liagieaaltya asttireatbbecufes prreresdsidd eduthiace)i aor via
activation of a prenodjfied, surface, or via

@Gt Br tHe bFBFogPLa ogbfadt GPISCH her of the
m‘%‘Bﬂdgﬁdddfyt'X@tﬂ?éemﬂd¥%éﬁﬂéHe bkgotkheiids  (their)
i nobi 11Zat | o on t he support. These activation steps

ar eingreakeirlal4at igey f onnddie nsviplbBt t hdhegee adcbatdb| eteps
10 with_bi ol ogj.cal dia, ;and result . h o ] :

of % D sp?gg?r?}%; Fead etdéabiéa%%ggﬁérﬁﬁggtnﬁgtlble
Me3EHIENBIb 1 o&RALT alnkWiaseaidl rexpensive e i formdtdon of
steps: are necessary to obtain_an_operational biochi.p.

Thesdfisdi BIreIcd® ofhBitol BgYcal©3Bj € s RjRRyng 5 duTing  the
ac?llké\/%%lt"&aéo éé%tﬁg F(‘éﬁeggh.?gu EevER 1’ %tk'%énéfvé‘ Lass retation

atter. FEUrthernore, e nodi fication
doestepd geeemaldepstalke tpd ackthmna agonepetdetonahndiochip.

o0 S LB 1o d 000 0 KPR Veenee oy o
biologically active molecules may result in a loss of
activity of the latter. Furthermore, the modification
does not generally take place in a controlled manner
and their study remains long and expensive, especially
in the presence of a large number of objects to be
modified. The type of strategy for the covalent
immobilization is also dependent on the substrate or
support used for the biochip and for the envisaged
detection mode.

There is thus a real need for an efficient
method of adhesion between a surface of any type and a
species such as another surface, such as that of
graphene or of carbon nanotubes, or a molecule such as
a molecule that can be used in biosensors, on the basis

of bonding of covalent type.

DESCRIPTION OF THE INVENTION



20 nodified. The type of strategy for the coval ent
i mobi lization is al so dependent on the substrate or
support used for the biochip and for the envi saged
detection node. There is thus2a real need for an
efficient 25 nmethod of adhesion between a surface of
any type and a species such as another surface, such
as that of graphene or of carbon nanotubes, or a
nol ecul e such %%ﬁ a nol ecul e_t ha

e

bi osensors, Bt fngﬁﬂ%%ﬂﬁ 8$i8g§aﬁgﬁ% pypanical

30 m&ﬂﬁﬁ Ghrd¥bad AYENTEERG2@bolke HY @sengolved since
invention allows the technical problens and drawbacks
Iisltted RIS bEIRBTeePaiete SY¥iaeMternd Process for

{41@ dtﬁgﬁlf WD £fle PEOLRRS $on ahgpaaeﬂ@fwmace,
elr t

e w th any other surface, us meking it
5 postshutzl andloi rag hi e vigo asitiele oo batheeve t adhesorr batwgen two

one of whi.ch has a react.i f bet
A Sur B Ghd MG ATES of THASrEM  ERidrRE: ©

toaéﬂmrllzsﬁlémere Mt g-ePesi f beathye tARAPrRGEBEUles of
invention 10 relates to a process for assenbling at

| edsntenestzdire oxsdery 9 rigamekir¥ iz WQ% at | east one

zone of a seco Surd r _
i nterest, conp?€§|ng %%ﬁf9caﬁﬁé? ConS|s %%%ﬁg% aéPXSntlon

lolnﬁﬁﬂﬁﬁﬁﬁ sai d e s Eémdaésembl$ngfanelua#tsend zone
zone of said second 15 surface gr wth said no

e
of ¥tRr E3rStsHUFLAGHe BTD s3AF d F?Fthgﬁﬁ%ﬂﬁ?rﬁé ﬁgsecond

at d.east ong,ragigal janl1culodnNbe SPREWRSL,! NediSrising a
cont ext of ﬁe pr esent 1 nventi on,

step that consists in plac1ng in contact said zone of
said first surface with said zone of said second

15 surface or with said molecule of interest, said zone of
said first surface having at least one radical and/or
ionic species.

In the context of the present invention,
the first surface may be referred to as the “reactive

20 surface”. Thus, the terms “first surface” and “reactive
surface” are equivalent terms.

In the context of the present invention,
the second surface may be referred to as the “coating
surface”. Thus, the terms “second surface” and “coating

25 surface” are equivalent terms.

For the purposes of the present invention,
vassembling” corresponds to a method of chemical
assembly of two species, after which said species are
maintained assembled by strong chemical interactions.

30 This assembling or adhesion generally corresponds to

the formation of covalent bonds, i.e. the sharing or
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the first surface may be referred to as the "reactive
20 surface". Thus, the ternms "first surface" and
"reactive surface" are equivalent terns. In the
context of the present inventpan, the second surface
may be referred to as the "coating surface". Thus,
the terns "second surface" and "coating 25 surface"
are equivalent terns. For the purposes of the present

inventiqn, "assenbling" corresponds to t hod_ of
Ch &R S TasQE iy O Ao SHEETEL, ATE BRICHOEAgg Lo the
SPRGIELERIA gt Nt ai ned assenbl ed by strong chem ca

interactions. 30 This assenbling or adhesion generally
corresponds toAdvhRatpgepusilyn of tBBval @RESBBLEBY | . RrOCess

N2 RGING Ol o2l bl a05L86:9bne! E6hHRSCDC! BREN ALPIBuing
el"ongirng to the Wo Speci eS. Advant ageously, the
asserdddgg vier etesss: according to the invention

opt onal Ty, SuBj ecPPHSER Db GRS iNg {81 RT g€ Said
bearjig akykeask OBEa2PHESI /P PIddBY dPIELCHERBEIbA primer

conditions that are suitable for obtaining, fromsaid
adipesionrssd netopr ecoRdbEions I1thadfeastalsne §YARéEsPdgs  for

O o U] 050 g, B9y Ll ShoopueLee o

obtlaiad drfe sidesin groinean- el ect rocheni cal
conditions to obtain, on said zone, at |east_one ,15 _,
radi cal and/ or ¥ oniSfYFEG1EG c5a¥%nt%&ﬁ?ng°§aiﬂaigneflrSt

g; /oﬁgr%%{i%ea%ﬂ%%aceagearigﬂs@t lgast Qe@dsadincal primer,
optionally obtained in step (a), to non-electrochemical
conditions to obtain, on said zone, at 1least one
radical and/or ionic species;

c) contacting said zone of said first
surface bearing at least one radical and/or ionic
species obtained in step (b) with said zone of said
second surface or with said molecule of interest.

The term “molecule of interest” denotes, in
the context of the present invention, a molecule, and
more particularly a molecule of organic nature, that is
capable of reacting with a radical species or with an
ionic species. As examples of molecules of interest
that can Dbe used in the context of the present
invention, mention may be made especially of:

- organic molecules comprising weak organic
bases such as CO, , S0,°%7, amines and nitrogenous
aromatic molecules;

- organic macromolecules such as

porphyrins, phthalocyanins and dendrimers;
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species obtained in step (b) with said zone of said
second surface or wwth said nolecule of interest. 20
The term "nol ecul e of interest” denotes, in the
context of the present inventpon, a nol ecule, and

nore particularly a nol ecule of organic nature, that
is capable of reacting with a radical species or with
an ionic species. As exanples of nol ecul es of

interest 25 that can_be, us in the context of the
pr esent |nvenf|oﬁloﬁ%ﬁf?%ﬁ ﬁ%@' é§%bc?§ll@eQﬁldes'
- QR G gol sﬁ.@éﬂ esagomhb-}meg \/\B%qut@ft%&'e% ksesantibody
such as Coe , SO32-, ami nes and nitrogenous aromatic
n’0|f€@l9|ff®$'lts30 c-eldr gamumemi@@mwfé@,r%ucm%xsaccharldes,
r i ns pht Ioc nin d den rSp
5$gé1ca?r ecul guchg%ggpe%%l é%ﬂe %ﬁ%ﬁ?s Ch cell

as hibtees aiid bﬁ;hl@m)ra@rds baihh 49 a[gmermsd ReA| Bigure
menbr ane receptors, polysaccharldes cells or cel

park SRIWH 8SMEePE dripif (BIIBFULEF| OF AdsEEsEs A their
NUGIRI C; ﬁC'&%a S%Bt%%tD'%fa%eR'\BroEéggr ScdofN$ to the
some of these nolecules of interest and their wuse in
thanw&nﬁexnlof the process according to the

i nvention; a hydropho nDIe a ed

herei nafter. Figur q%¥%§é%?s §§ne%bq'chg'nolé%uledeflned
of ndvdietssderand their inplenmentation in the context

of the present invention. 15 For the purposes of the
present invent F&FUTet e PEPFRNESr FQBE" Othdlia T%;eCU1eS of

t;.of b
SO|IJ§£uppor |6ﬂ8|%$§%%ﬁ%%é%tfgﬂ iRf tRe POGNL Okt of the

present 1nvention.

For the purposes of the present invention,
the term “surface” should be understood as meaning the
outer part of a body or solid support, which limits it
in any direction. Insofar as, for the same body (or the
same solid support), different surfaces may be defined
conceptually, the reactive surface and the coating
surface may, of course, belong to the same body (or
solid support) or to two different bodies (or solid
supports). The invention applies to any type surface
irrespective of its geometry. This geometry may be
simple, such as a perfectly flat surface, or complex,
such as a rough surface, or may bear unblocked
cavities, irrespective of the material constituting the
surface and the rest of the body or solid support on
which it is dependent.

The size of the second surface is variable

and may be at the centimetric sacle. It generally



in any direction. Insofar as, for the sane body (or
the sanme solid support), different surfaces may be
defined 20 conceptually, the reactive surface and the
coating surface may, of courge, belong to the sane
body (or solid support) or to two different bodies
(or solid supports). The invention applies to any
type surface irrespective of its geonetry. This

geonet,r be 25 sinple, such_as a rfectly.fl.at
survfaf&ég,ls SBXEB’FrﬁPex?he_sﬂ‘&ﬁrgg‘egrrlgug?wg urPACES S S o e
bearyinbl eeked mgavidd esurifbcespesti Wodifed hefmhehbattric
constituting the surface and the rest of the body or
solfigesuppesr tNeRC-ARIeALFt (MBldepShgbnt 25 30F e syirf@ce of

of . r I Sevari.apl e b t he, -
ety e, SR POd plI IR RofhL), Fanste
5 M G¥alitet rderkbord meneneibdsc JEHANT) Thors, mtuibéy -wallbecarbon

surfaces of bodi esTSf nggomatrl C. Size

nafH ReS (MBFNTSuch %k?ﬁe%furgﬁéghsgre or of silicon

nanpRatid £S5 dNRurfc&Sr bpmiarehebesc (e, susll &s the
5 wal |l carbon nanotubes (SWCNT) or multi-wall carbon

nartifsee (MONRchipakas e$edr iphehe &pdeptsy| pEoAaf metal
nanow.res, or surfaces of mcronetric size, such as
thé)axétdrc?la%se' of biochips as used in the industry or of
1ometal particl ehe l0inkhentiintention asphppabtabl eot oaa wide
wi de variety of surfaces of interest (firs

t d
sectHEt S0 ffc e STUIARERS ¢ fpositticdt Shay (Eér@ﬁggé‘ﬁdf r §fcond
Zx\é%@ﬁaé@é)' elMo0k st@ltﬁo‘ﬂ N&Hy t B8 RMOER®S from a wide

olts an assenbling mechani smof ionic and/or
radiaaletmat wie, M5 egdadical BYNoe r bl cPTIRRTF e SXFRILS an
:nhﬁae%siﬂ%%]]aﬁtr}}ge%%% %ngis%urgl?ceisorpﬁ:y Qﬁd?grorm&afr nature,
15 generally of radical nature. Thus, the first and second
surfaces may be of organic or mineral nature, or of
composite nature optionally with a non-uniform
composition.
Any surface bearing one or more atom(s) or
20 group(s) of atoms that may be involved in a radical
addition or substitution reaction, such as CH,
carbonyls (ketone, ester, acid or aldehyde), OH, SH,
ethers, amines, halogens, such as F, Cl and Br, is
especially concerned by the present invention.
25 The surfaces of mineral nature may be
chosen especially from conductive materials such as
metals, noble metals, metal oxides, transition metals,
metal alloys, for example Ni, Zn, Au, Pt, Ti or steel.
They may also be semiconductive materials, such as Si,
30 8iCc, AsGa, Ga, etc. It is also possible to apply the

process to non-conductive surfaces such as non-
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conposite nature optionally wth a non-uniform
conposition. Any surface bearing one or nore aton(s)
or 20 group(s) of atonms that may be involved in a
radi cal addition or substitution reaction, such as
CH, carbonyls (ketone, ester, acid or al dehyde), OH,
SH, ethers, am nes, hal ogens, such as F, Cl and Br,
is especially concerned by the present invention. 25

The,_surf f_mineral b
T AR 98 S0 Bt v

nokjedetilaks, Aetdilnedidesurtsaassindyonbsetcstiviieal, for
al loys, for exanple Ni, Zn, Au, Pt, Ti or steel. They
mExaed he B¥ni @BnARAGRAOYFat BRgrdalguchuel &S 8o Jlass

S G RS ; At 4S ible.to
pr o%ce ess %olygg nc-é?()t%ad1 uri:ltrl1 e %Jl?f%%ge?’s uch as- %g%%%{ b5 ly a
cordireiniive oxirdesqgeathyasa Si @3y s AGhandaiy@ialbr euch as

gener al | a mneral surface may be constituted, for_ .
o ATy ARG UL TR e Uekh 6 4 aggganized,
geﬂﬁﬁﬁliﬂsﬁéﬁé@|PkaﬁhéhbiQﬁieﬁigﬁﬂoﬁééﬁiié&ipﬁégéag5aphite

ceramic, or equally a crystalline material such as
di alfisIRE) grapmamkomiadiPtsese nore or | ess

or gani zed, fo%u%qé&ggpe %Eaphgfﬁﬁéﬁﬁ natur that may

hi gh- or gani zed-phase graphite or carbon
narsdpéieisal ISurb@ceenef oaedarnine lualeurea il npylyi€rs, such
especi ally be nentiqgned include natural polyners, such

as 3%t éRTEX r ABberWPRET ar A i eFSF%bSFﬁhre I%Oim%r%s such  as

po'ﬁ’cﬁl‘gﬂjﬁﬁdﬁ pekyet byl saendeshyat iaasivaspre al | ¥specially
pol'ymers bearing bonds” of n type, such as polyners
beaya Ingnest sy loenird nigondende  caf banyEYBE, i ndweh gragup®olymers

Lg&%gﬁﬁﬁnéué%h§fégiglgbﬁ&sagpl¥a£ggn9i08§3§mﬁﬂen8E8ups. It
is also possible to apply the process to more complex
organic surfaces such as surfaces comprising
polysaccharides, for instance cellulose for wood or
paper, artificial or natural fibres, for instance
cotton, felt as carbon felt, and also fluorinated
polymers such as polytetrafluoroethylene (PTFE), or
alternatively to polymers bearing basic groups such as
tertiary or secondary amines, for example pyridines,
for instance poly-4 and poly-2-vinylpyridines (P4VP and
P2VP) or more generally polymers bearing aromatic and
nitro-aromatic groups.

Advantageously, the first and second
surfaces used in the context of the present invention
are constituted of an identical or different material,
chosen from the group constituted by metals, metal
alloys, wood, paper, cotton, carbon felt, silicon,

nanotubes, such as CNTsg, graphite materials, for
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organi c surfaces such as surfaces conprising

pol ysacchari des, for instance cellul ose for wood or
paper, artificial or natural fibres, for instance
cotton, felt as carbon felt, amd also fluorinated 20
pol ymers such as pol ytetrafl uoroethyl ene (PTFE), or
alternatively to polyners bearing basic groups such as
tertiary or secondary am nes, for exanple pyridines,

for, i nstance poJ y-4_an ol y-2-vi nyl i di 4\/P .
ERR OV R LN T -
angha £2% iRl QAP | SrdHToilP Soo At agEnust yhattd® or non-

first and second_ surfaces used in the context of the
pr édemr inarest Poryners eods iemoedd-of an i dentical or

different material, ﬁpg§e fr t 0 tituted
by netals, netghe36R3 oys?fmégl, %gggi,ggg??gﬁf AT the
cardeerrtfield , swifacon, hasaddtuies, isfitheace CNils,the process

graphite materials, for 25 .instance copal, graphene,
f ulQfer &Res &Haeﬂéﬁép'orGQﬁF&flﬁﬁiEVValgggucﬁrggence of a
Or G3/ic R0 ¥i®S Sr fFLHOE RYPRA @ dPNanf adeksianetbrimer or

pol ymers and di anond. The nature of the first surface,
i . @f the prequessty vef s @t agdhepien| iprimey nifuditte BRT1OUS

t he pr.oces af the inventd : citli ; e
o SRR o b e 8 BB LEEBbEeabl? generaaay
ad_fieﬁjl@;terylh FRE Ofat@fifl preastieutdhganthatbesiurface from
primer in the various inplenmentation fornms described
hertdien B8 tw fertdtealIXFURP i sol at es the materi al

constituting this surfacerdrMe t #ey €6he Ofsddithd surface,
system It is preferable for the second surface, 1i.e

t hel .cnat thg swedtiowy sovrfege. attd eRsarormet at6AF Lt e “atom

Ca%ﬂgiiég%ﬂggdiégb végdiﬁag %Qgégéligﬂﬁ9ogh§gh9@|chemical
reaction. Advantageously, the material composing the
coating surface will be chosen from materials that are
capable of reacting chemically with phenyl radicals or
phenyl cations. Mention may be made especially of
graphite materials such as HOPG, graphene, CNTs and
fullerenes; organic materials, such as organic
polymers, such as poly-4-vinylpyridine (P4VP), or
polyacrylic acid; and metals and metal alloys; the
latter possibly being in the form of metal particles or
aggregates.

The zones of the first surface and of the
second surface involved in the assembling process
according to the invention may be of identical or
different size and/or shape. The shape of these zones
may be simple or complex. These zones may occupy from
0.01% to 100% of the total surface of the first or

second surface. Generally, the =zone of the first
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15 reaction. Advantageously, the material conposing
the coating surface will be chosen frommaterials
that are capable of reacting chemcally with phenyl
radi cals or phenyl cations. bention may be nade
especially of graphite materials such as HOPG
graphene, CNTS and 20 full erenes; organic materials,
such as organic polyners such as

ol dj .
ol ate HERas ChTe ot teke) | s FERE iy i et ins
t hfisf Yrifate rMirRin REHd |§dr@ OF tli’@%@@:&ﬁ@ssuﬁﬁaa'@e(coating

zones of the first surface and of the second surface
i neoinfags)n ife lyssed® ithe geeca¥®d ingecording to the

i nvention may %{%e S]P]agg&iftce@%q £ Obs difdd e'b%tse tzelnv?ntion,

and/ or shape. ese zones e sinple
or teenpt exm Thdheszone$nmmpnﬂxmmmréspmm@® 800 EMyt corganic

1000 of the total f f th
SuPIEE I U | 15 FRESBIRe GFOEe TITAImE Rt ie: ©f

(1 eRfli \{-@{hséﬂgl?&ﬁ) rh@Ye4 vedoirn ildhe  asgRMhé g phsticularly
greater an the zone of the second surface (coatin

surfeddens nvopndd iFushe é@sen®$¥ﬁ§Clpﬁt%%ﬁ cdﬁkex?g6mlcal
the eD cq:SfL%nt | ”§88£' o&emlca{ferte%. @10 rally be
& hat ab

corresponds to any organic Mol ecur &

LHNBﬁéMMﬁdﬁpﬂidﬁnuhd|purt1dﬁ1aﬁkyrnhquﬂaﬂugraﬁnﬂngals
or ions, and nmore particular] cations,

paftICIDatlng ThecherhS@  reRETHRL Sughe gﬁ%ﬂ$cal refers
]]"ly/ ﬁép%ﬂ callge bgr Lk tGhemisoritd o @ddmolecular

partlc em cal grafting. The teérm "chem ca
gr aefpecrngés r efeadicakpeer al ignio taedusespeciériignerptionic

r eaCtglc\é:qu Cel%flfj%ﬁ%{;es g%'a%ie( ro%d tcoq_lmlq[g 1 90L&s BE covalent

bonding type with a surface of interest, said molecular
species being generated independently of the surface
onto which they are intended to be grafted. Thus, the
grafting reaction leads to the formation of covalent
bonds between the zone of the coating surface concerned
and the adhesion primer derivative.

In the context of the present invention,
the term “adhesion primer derivative” means a chemical
unit resulting from the adhesion primer, after this
primer has reacted with a molecule of interest or by
chemical grafting with the coating surface.

The adhesion primer 1is advantageously a
cleavable aryl salt chosen from the group constituted
by aryldiazonium salts, aryl ammonium salts, aryl
phosphonium salts, aryl iodonium salts and aryl

sulfonium salts. In these salts, the aryl group is an
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speci es) that are capable of form ng bonds of coval ent

15 bonding type with a surface of interest, said

nol ecul ar speci es bei ng generated i ndependently of

the surface onto which they ave intended to be

grafted. Thus, the grafting reaction |eads to the

formati on of coval ent bonds between the zone of the
goating surface concerned 20 and the adhesion primer
erivative. In the context of the present. inyention .

t h8¥er i AdRed] pV‘F‘?"reﬁoedeFie‘?érleis\%é"%eﬁea]ﬂg cR8mi L ined
Uunihbregaktiond fromthe adhesion priner, after this

primer has reacted with a nolecule of interest or by

25 chenical graftiggidsh trRriti f§ sthe adgvengdon, the

ad?%%%%ﬁoBFigﬁﬁnkﬁhaQMQ”té9§88éi¥ aboghgaankg Ay first
sal't chosen fromthe group constftute by
ar pludifazeni umrsaltitsi,s arvdrismmni whealadhesigt primer is

phosphoni um sal.ts, aryl_iodoniumsalts _and aryl 30
suPﬁUﬁP&ﬁﬁ?&P@&yIW?W¥%%é3%aF 8, Z2PRE ngg%ﬁwﬁhfﬁg gprtace
27 i n@iothreQr 04p t@ﬁb.”ﬁ%sgﬁbﬂﬁﬁgesgﬂb@@sby Byasméghinedt a
hereinbelow. In a first variant of the invention, the

adireyiedensr ivand i sTHuEecthyishotrieal e t hendlj pepdss an atom
surfac In_this vari , A d ' ri, ' .

ad? ntgagoug ?ebo%gedgg% tzgg?gng£%¥£¥ﬁ£ %ﬁ?@%bégrfége the
i Ns@lseatbliimgt peroassenld pg precess henmedine sdfora primer.
coval ent bond. Thus, this _covalent bond bonds an atom

of the zone of IPhe f PRESPNE MREdE@T o v &GS TR YPn. the

asSeMUJiNg ORSS {1 AALN Bf Bdisaadhes Ofe PEOABIof the
In a second“variant of the invention, the adhesion
pr ifigrsti ssunfacectinvdiorefedino thiee asaemblinge prdgssgs. In

S”Qﬂ%ﬁf-&é?fi%@? Lﬁetg%ﬂ%%%%ﬁ”ﬂ%%&égoggasthgnzone of the
first surface involved in the assembling process are
each bonded to a bonding agent that maintains the bond
between said primer and said zone. This bonding agent
may be in the form of a single species, part of which
is bonded to the adhesion primer and another part to
the first surface involved in the assembling process.
Advantageously, the various bonds involved between the
adhesion primer and the bonding agent, on the one hand,
and the bonding agent and the zone of the first surface
involved in the assembling process, are covalent bonds.

Alternatively, the bonding agent comprises
at 1least two species, which may be identical or
different, bonded together, one being bonded to the
adhesion primer and the other to the zone of the first
surface involved in the assembling process. The bonding
agent may bear more than two identical or different

species, bonded to each other, the first of these
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this variant, the adhesion prinmer and the zone of the
15 first surface involved in the assenbling process
are each bonded to a bonding agent that maintains the
bond between said prinmer and2said zone. This bondi ng
agent may be in the formof a single species, part of
which is bonded to the adhesion priner and anot her
part to 20 the first surface involved in the

assenbl.i n roces a ous t he_various bagn
R ePretn dirrdSings oer Persing e tinadng the
aganrist ofbt BReORGnBaRME tldrihetbengirageadeniolard tHie the
zone of the first surface involved in the assenbling

pr GeEsIblat e REOFSISENt  BENASLagSONELYr nathgel yaripes ~bonds
bortfyb AL b EMUBRT 0%  ALnkeash MO APLCLED ALCRr the

tlca ferent together one
basp;dmmﬂedﬂiotmhe b@@ﬂ&&gnnag&mﬂ&r artweka other various

assuiien prociss: Beneanidhy Sofeohe th hospemst cre

hajpdave d dent tgal benadh§f agent asRedIrs, zdiandetl the first
each other, the first of these 28 species being

borrifaas tinrakirdi bh Bre nepSanel ing preetaS%anﬁecovalent
Z0ng oc{ tAd}(/a t %urer)?a%% éewotzlsfgdbbﬂ gsa%%‘?ﬁnthllaé/ be in

pr 0Cess. geous var i ous i nvol v
be&wﬁengkhmtadﬁEsmonppﬂwmem‘an& orepoflymee ,5 spedivest from
of the bondi ng agent, between the  variqus_. species.qf
the‘“’ed’cﬁfdar]ng WEBATSENnd Wetieen®bne 1GETEHES %pgﬂeséﬂigferem
the flefeand the zone of the first surface

i nvo ved |n the assenbl i ng process are coval ent

bonds. By way dﬁle&hh@l@arﬂmequnﬁhmgbagéhﬂgwéﬂqai|mﬁy be

10 P TERLR B I AOPOLUIET o B LE R or e
chefi&dnispesv€stion, the term “flnlSh" means any film of
organic nature, especially derived from several units
of organic chemical species, which are preferentially
covalently bonded to the zone of the first surface
involved in the assembling process according to the
invention. They are particularly £ilms covalently
bonded to this zone and comprising at least one layer
of structural units of similar nature. Depending on the
thickness of the film, its cohesion is provided by the
covalent bonds that develop between the various units.
This variant especially makes it possible
to obtain well-defined localization of the zone of the
first surface involved in the process according to the
invention.
Specifically, in the context of a

conductive or semiconductive surface, the finish may be
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In this variant, the bonding agent may be in the form

of a finish. For the purposes of the 15 present

invention, the term"finish" neans any film of organic
nature, especially derived fram several units of

organi ¢ chem cal species, which are preferentially

coval ently bonded to the zone of the first surface

i nvolved in the assenbling process according to the 20
invention.. They are particul arl i l.ns _coval ent | .
bOTIRPAED 190 2orfe LT ST TS ) RE Mo it Es apgpraing
of &8 rdrd Waal1dwiide Hersd:m | ar nature. Dependi ng on

the thickness of the film its cohesion is provided

by the coval edt) ROFdSIFENI&Rl dprbefoREpctrede ME (i.e.
varj.ous ' 5 This.vatj especi gl mak it
pogg?bIS%gF%§8g§éinhagfl-gg??héd #gca?ffffiongg? tﬁgs the
zorghafadteeriftiircstdsuefiatens nyoheedibmethe grocessdisk) is
accordin i nve tion.f Sgec'ficl

to fhe ly, in the
corﬁtexf“_ogF £t 36P€ondELET v&Tor 2sefito 88%&?2 BhFFgugters,
t heo fddd shb e RS cdT DA ek it tedelded ed zone of
this surface according to the follow ng steps: i) |
posi tioni ng of id)nikkassingtad obbIWEd (FOEUt1igR comprising at
el ectrade, for ' (O 0 ; 5.
ch?eaa}: er |b§1te i & |érr%£%1|§o S ?ﬂt%:]re %|§a?ri‘\eetéelltr;!{mefdor115;1l dtl'hsﬁ() pl;rgsent
at imsdntofor heaatideratof aehew t emrse of raddcadepelymerizable

close to the surface of _a selected zone;, il lacLng a__.
Iigﬂﬁ%P@ﬁﬂutWBhCEomﬁﬂ%ﬁ§ﬂf¥ﬁalIE%sanﬂiéﬁ#ﬁéﬁQw#rgm said
PriJ@te &o&5 100 | Nyide PU RS 1edid yeidj on and at

| east one radical - pol yneri zabl e nmonomer, which is
i dentical to orlidi)ff@ddmrizadmosai ®L adiwdst omigriogdectrode

Wta'?néalog. Stel*lleeCtsggfégge;of said substrate, the electrical

potential of the surface being more cathodic than the
reduction potential of the organic adhesion primer used
in step (ii).

In general, the sequence of steps is either
(i), (ii) and (iii) or (i), (iii) and (ii).

The working distance (i.e. the distance
between the ME and the surface of the support) chosen
for performing the process is that for which the ratio
between the value of the current intensity measured at
working distance and the one measured at infinity, i.e.
far from the surface, 1is between 1.2 and 2.5. 1In
general, such a value corresponds to a distance such
that the ratio between the working distance and the
radius of the ME is between 0.2 and 2.

The radical-polymerizable monomers used in
the context of the process for preparing the finish

correspond to monomers capable of polymerizing under
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iii) polarization of said mcroelectrode and of the
surface of said substrate, the electrical 15

potential of the surface beihg nore cathodic than the
reduction potential of the organi c adhesion primner

used in step (ii). In general, the sequence of steps

is either (i), (ii) and (iii) or (i), (iii) and (ii).

Zg The mogkiﬂg di stance (i.e. the distance between

t he and the rface of .t he suppart,). chos for .
peFPgEﬁF gt?ﬁ?§ﬁ%ﬁ%ﬁ% igf%ﬁgt14ﬁ%ﬁﬂ#%gltﬁgpraﬁioIadlcal
betmeenckhe vahuet9f theypueaeny,intensity apasurmsiedules

wor ki ng di stance and the one nmeasured at infinity, )

i . €omPEipindf idm tRRSEuPREcLONS Bbt REBY1EN3CafyPE 5. Vinyl
In epeLal , s u or[ﬁﬁﬁgﬁg§ LShange

sucogl Ehh%%’t he%%ct?%f%;et \%lél%n n§ e wor ki ﬁgsgirg?g%cg%an%atent
t happlddiatd onf REMeOMDIZl beamgennOpatemt FR Thiy/11491, are

r adi cal.- pol ri zabl e nomers used in 30 the context
ofpﬁﬁglﬁggéé OS5I 8548ri ng the finish correspond to

nmononer s capablrgeof pahyaBILEbNgmERELELIE radhé@érs  are
conditions after intiation by a radical chemca

enidvpntRgsicvslyy, chRegnar Brem| ddif e IrBPnpFPErkRgtated by

! easé:tr n% bondach et hyl&f(}k type%cé/t':é‘yé rmngglr:{/ﬁonitrile,

esﬁecpélly t he norfoner s ri bed T n patent
appldttaldrgn drR t35/182516 andthyl pat emte tFRA3/181491, arethyl

particul arly concerned. Th di.cal - pol i zab
Db oo Ret! phG Lot POLHIEE] 2Bl facryiae,

Coﬁ?ﬁﬂdﬁ¥§%ﬂ¥ﬂ %%Eﬂdd%y@%k@”_Vh?ﬁ&o&?@&@bﬁl methacrylate

acrylonitrilée, 10 nethaCrylonitrile, methy

metavakr wilated dvét hyiethasriydecyl at endoudgr ivathgepy| apereot;

p”%@@yf&%ﬁﬁggyég eeSpecially amino-ethyl, propyl, butyl,
pentyl and hexyl methacrylamides, cyanoacrylates,
diacrylates and dimethacrylates, triacrylates and
trimethacrylates, tetraacrylates and tetramethacrylates
(such as pentaerythrityl tetramethacrylate), styrene
and derivatives thereof, para-chlorostyrene, penta-
fluorostyrene, N-vinylpyrrolidone, 4-vinylpyridine, 2-
vinylpyridine, vinyl, acryloyl or methacryloyl halides,
divinylbenzene (DVB) , and more generally  vinyl
crosslinking agents or crosslinking agents based on
acrylate or methacrylate, and derivatives thereof.

The ligquid solution comprising at least one
adhesion primer and at least one radical-polymerizable
monomer may also contain a protic solvent
advantageously chosen from the group constituted by
water, acetic acid, hydroxylated solvents such as

methanol and ethanol, and 1liquid glycols of low
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hydr oxyet hyl nmet hacryl ate, hydroxypropyl nethacryl ate

and glycidyl nethacrylate, and derivatives thereof;
acryl am des and especi ally am no-ethyl, propyl, butyl,

15 pentyl and hexyl nethacryl &y des, cyanoacryl ates,

di acryl ates and di net hacryl ates, triacrylates and
trinmethacryl ates, tetraacryl ates and

t et ramet hacryl at es (such as pentaerythrityl

tetr acryl ate ene d deriv t her.eof

par® Eh‘F‘glr V?éﬁ%t a %0 % Or V¥ cé ¢ST, " dRa“Mikcures
N- vi ks r ol i done, 4 V|nylpyr|d|ne 2- vinyl pyridine
vinyl, acryloyl or methacryl oyl halides,
d|V|nbeenzeneﬂh§E§lquh@ FeABtdOReIGIMBr A an adhesion

R N P N

Thecdnh il sah;ut i sp £ONPohsei ngsxqipdxeastebeetraﬂwe& okchosen
primer and at |east one radical-p énerlzable nonone

naye%ﬁ%%ﬁ%%%¥alﬁr%mprﬁF?Ee§B?€¥ntam 804HRag&BasPy Such as
aCI d@ﬂh hiomide group cnspiduded by  Waldima fatRirdborates,

ydr oxyl at ed sol vent's such as 30 nethanol and
et hmmﬁlwmoph@qwldaw$col%h@ft1@wm Jufiteeaulagyy  ammonium

g L b S el s CT el

n 2f adnest on mer and
a radical - pol ymeié zabch@mmg@nrﬁtwny abﬁtprl.’e':lﬁgnhau maddesion
| east one support electrolyte chosen especially from

quaPBHRRF y A uAdEras W%Z%%hfﬂ&?’&fﬂ@ may also
tosg%ﬁﬁﬁﬁm Eﬁtwg|§H”dHE”§ﬁf?act£§§ EHﬁé@@QQ§9h%be§mprove

shor ai n quaternary amoni um fid sodi um
n|ttheesamdbaahtyumﬁﬂﬁmﬂlded1¢@1?helquunaabbeump@@mer A

COBELELBd, M BERLEN o LIE' AaRiapeo chat may be used
in the context of the invention 1s given in patent
application FR 2 897 876, to which a person skilled in
the art may refer. A single surfactant or a mixture of
several surfactants may be used.

Thus, whether the bonding of the adhesion
primer to the zone of the first surface involved in the
assembling process is direct or indirect, the adhesion
primer is advantageously covalently bonded to said zone
of the first surface.

The cleavable aryl salts beared by the
reactive surface (i.e. the cleavable aryl salts
covalently bonded to the zone of the first surface
involved in the assembling process) are also referred
to herein as “supported cleavable aryl salts”. Any use
herein of the term “supported” corresponds to the above

definition.
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contain at |east one surfactant, especially to inprove
the solubility of the radical-polynerizable nononer. A
preci se description of the surfactants that nay be
used 15 in the context of thezpnvention is given in
patent application FR 2 897 876, to which a person
skilled in the art may refer. A single surfactant or
a m xture of several surfactants may be used. Thus,

whet her the bondi ng of, the adhesi an O priner to.the
zone of the fifEP ur'flé%esiuﬁ?&r\s;@gi i‘ﬁf?%gab & s @ik ng?tts:
Pr @RS drs iy e6é Rbdendid edrtibeladhesi @he RéduiPurids of

advant ageousl’y coval ently bonded to said zone of the
fi risrmsdef dde. PEH@Ws| eavabl e aryl salts beared by the

25 reactive sur (i _ avabl.e anyl salt\s
coval ently bonéggggg FHgf?%%Z gP?Fh§b$?fs%'surfg@e
i nvol ved in thenassewhl:i ng process) are also referred

to herein as "supported cl eavable aryl  salts". Any use
herein of the feﬁ%ﬁﬁsﬁﬁBﬁ?F%Htsc%r?%%%bﬂ%sag%they

above 30 definity qr. <3da1A¥RNg Lheisupported
cl eavable aryl salts, mention may be made in

??rticular of thé ceppesedssoh mogovalent! pnienewand
irst surface) -(B),-R N2+, A- (I in_which: -
- F BhRERy e Ar, B, 3k

(B)n represents n-is 5ﬁual to 0 or

1, - A represenlss aecfibnedal@rdvianigly, aBd may Rrepresent a
represents an aryl group. 10 As def|ned previousl%h B
ey e s ERECASS3| MF e 197G e§WOat 1f@RECR{p O different

ideégé.cq.aés,orofjié\;eq{ & lfinish as described above.
As aryl groups R that may be used in the

context of the present invention, especially for the
supported cleavable aryl salts, and more particularly
for the compounds of formula (I) above, mention may be
made advantageously of optionally monosubstituted or
polysubstituted aromatic or heteroaromatic carbon-based
structures, constituted of one or more aromatic or
heteroaromatic rings each containing from 3 to 8 atoms,
the heteroatom(s) possibly being N, O, P or S. The
substituent(s) may contain one or more heteroatoms,
such as N, O, F, Cl, P, Si, Br or S and also alkyl
groups especially of C1-Cé6.

Within the adhesion primers used in the
context of the present invention, especially supported
cleavable aryl salts, and more particularly compounds
of formula (I) above, the aryl group R is
advantageously chosen from aryl groups substituted with
electron-withdrawing groups such as NO,, COH, ketones,

CN, CO,H, ©NH, (in the form of NH;'), esters and
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species, or even a finish as described above. As aryl
groups R that may be used in the context of the
present invention, especially for the 15 supported
cl eavabl e aryl salts, and norezparticularly for the
compounds of fornula (1) above, nention may be nmade
advant ageously of optionally nonosubstituted or

pol ysubstituted aromatic or heteroaronatic

car bon-based structures, constituted of one or

ar BRACOETST 28Ret BF84r oFEPPEST | RgstBaAkh %Bﬁté??ﬁ?ifularly
fr@@é%éf%e% ALRTEy; ¢ %e%@ﬁe%%@t?%E%&po%Ethﬁsbelng
ma

O P or S The substifuent(s y contain one or
m)re het er oat oié thisudfheascoppeunds of, fprmgla glloralgpove,

an al so .al k oups._es al 0

4 R0 Yo B U R ETREEl T Retn0ln s, AR Nk o
IOF esaniadd)vendt Oinseapeel at I Y Bfprerd edl” cl haiza@énoborates
aryl salts, and nore partlcularly conmpoun

i o SOV CHIGHAE g BRI PSRV aBRbEeRgtes.
ﬁﬂlh A Y iHRURR RS ihwed qMd i carboxylates.
electron t hd

rawi ng groups such as NO2, COH, ketones,
CN CORH, NH2 @isn atdh@smmrmnrflnﬁi@'r)thaé:st@}s kgdusad in the

al ogens roups, R.that .ar pat a
éFgFFﬁﬁ:an 3?%?0 heR Ptaﬁﬂufrgﬁy%Lra |c§#£.£é%tﬁfﬁlarly
t hey semegdsuPf thoravéa { | praheve, chdseny heowhaten group
especial |y frommnineral anions such as 5 halide
i nstanrdd utedr - andPd -, hafbBBeABESFat es sBEﬁngidlazomu‘“

tEﬁ{égél%¥§§¥§ﬁgf§ erch% é&f@e@nd §u5399€bﬁ§nylaﬂgﬁgnlum

or gani c ‘ani ons suc as a des and car boxyl at és
adhasti o rdrasardtmt  mguppoused i n4tbzonophexyldfiazonium
the present invention, it is |cuIaH

R R AR . pr PHESORREden fr BLPREDgRYjgiazoniun

chloride, supported 2-methyl-4-chlorophenyldiazonium
chloride, supported 4 -benzoylbenzenediazonium
tetrafluoroborate, supported 4 -cyanophenyldiazonium
tetrafluoroborate, supported 4 -carboxyphenyldiazonium
tetrafluoroborate, supported 4 -acetamidophenyldiazo
ammonium tetrafluoroborate, supported 4-phenylacetic
acid diazonium tetrafluoroborate, supported 2-methyl-4-
[ (2-methylphenyl)diazenyl] benzenediazonium sulfate,
supported 9,10-dioxo-9,10-dihydro-1-anthracenediazonium
chloride, supported 4 -nitronaphthalenediazonium
tetrafluoroborate and supported naphthalenediazonium
tetrafluoroborate. Alternatively the counter-ion may be
a chloride.

It is clear that the =zone of the first
surface used in the context of the assembling process

according to the present invention may bear several
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constituted by supported phenyl di azoni um

tetrafl uoroborate, supported 4-nitrophenyl di azoni um
tetrafl uoroborate, supported 4-bronophenyl di azoni um
tetrafl uoroborate, supported 44am nophenyl di azoni um 15
chloride, supported 2-nethyl-4-chl or ophenyl di azoni um
chl oride, supported 4-benzoyl benzenedi azoni um

tetrafl uoroborate, supported 4-cyanophenyl di azoni um

tetrafl ugroborate, supported 4- carboxyphenyl di,azoni um
tetcrlz%f""1"’61"6’:1@bor"?‘;\ﬂéj,L ﬂ%ﬂdﬁ ed?#- ac g’rﬁ%‘gphé’%ﬁv P&?EYZO of
amMpRIMAat af [ erlenat eatssaRor ted 4-phenyl acetic

acid diazoniumtetrafl uoroborate, supported
2-met hyl - 4- [ (Znnethy| pleapgxt of the present invention,

di azenyl ] benzenedi azoni_ um sul f. , . .
e e
chlz@ydeliRe SOPpaid edxdehil orAphitidlcanedrazoagam Ihus, the
tetrafl uoroborate and supported napht hal enedi azoni um

t e A USSEFORER L AL erGRRINEINT h*Shint Bt - | O merocess
be , &HH:iUd d&% Eﬁe'%ﬁvéﬁ%idﬂuﬁndh@sﬁ@@@a?iytH%fﬁﬂéﬁ (b)
surface used 1n the context of the assenbling process

30 cefc ddridi mracegshes esendi tinvemt tlont nayloeathe efermption

34 | eavabl e aryl. salts as defin reyi.Qusl of ;
Caat gl phs/Eh | elieos SpREERE cERBS ¥neC pgnesion
Pr gseMer NeNtHIN, abddiecd esn APl €aeLdn ocheahgaklectrical
conditions" means the 5 absence of an external .

el eltiags Vot dgee TFRACLiWR nBWLERERt r otHeRAfcaFonditions
condlydans useddeddie, Prosess  agcordig toctlfiple,  the
i nvention and especially in step (b) of this process

ar e anpatidtivres, tited mdtave tde floe neclvent of thadprasence of
and/ or ionjc fgecieé fromthe adhesion 10 prkﬂer
t hé abRRREECHIARppPARAFRER of SIdy Yéf ¥t rTcal “°¢

whereas the electrical current does not intervene

in
' pressure,

during the formation of the radical species. Non-
electrochemical conditions ailowing the formation of
radical species are numerous, and this type of reaction
is known and has been studied in detail in the prior
art (Rempp and Merrill, Polymer Synthesis, 1991, 65-86,
Hithig and Wepf).

It is thus possible, for example, to modify
the thermal, kinetic, chemical, photochemical or
radiochemical environments of the adhesion primer in
order to destabilize it so that it forms a radical
and/or ionic species. It 1is clearly possible to
simultaneously modify several of these parameters.

In the context of the present invention,
the non-electrochemical conditions allowing the
formation of radical and/or ionic species are typically

chosen from the group constituted by thermal, kinetic,
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voltage to the reactive surface. These conditions

i nvol ve paraneters such as, for exanple, the

tenperature, the nature of the solvent, the presence

of a particular additive, st3sring or the pressure,

15 whereas the electrical current does not intervene
during the formation of the radi cal species. Non-
elgptrrchenical conditions allow ng the formation of

radi cal, species are nunerous, and_this, type_of -
re&@@ﬁ&ﬁaevs Q%%Eﬂc%%%lﬁ%g EﬁéaPSBeﬁgcagteﬁ?nq%FlonS’
t hgnpr | QomPA malfth ohisge Miheb AVer rdvand3yesi®ly, the non-
Synt hesis, 1991, 65-86, Huthig and Wepf). It is thus
posdiepttarochemieramptendtolemeli Byre t ABOERBr fgfom the group
kinetic,  chem cal, em radj ]
B T e
degiaghiolchzaiicta 1S 0 cbhati tiibnkor arda cenbtaatiand/ ovith each
i oni c speci es. is clearl gossible

It 0 .
si RAREEneoBREyCRodi Wy s evEFBECHF th‘é%rééjptalrod?ﬁat er $0€| n Bon-
t he 1eRRtedheffi dale dbesaMohdVEBEROANn ¢H€ context of the
non- el ectrochem cal conditions allowing the 30
f oprmtsieors of inwethPnan@sr i BAFe sPeditdsudpgly chemical
typicg#ky chosen fromthe group constituted by
t het " Wetic, 35 chenmical, phot ochem cal and
radi ochem cal gardi tdhensal anrchwiordyimeatt ondepdreiofon the
Advant ageousl y, the non- electrocheniCﬁI condi tions

b

ar & IREFAT Fom Lhe ¥t 08FSYcor3t FOR-ER by th r g} heating
chem Gal . ARAIQFNENE £aly atb e a1l DLE@M g ath&OAgt { I ORE use
and conbi natiorfs wmth each other and/or with kinetic
pomd%tbonxheYMQsmamioalé@tr@@h@ﬁﬁé@ﬁdcoﬁ@NﬂF@ﬁ@eG§ediS of
in the context, of the resent, i i ,

parRar]%tlﬂcélr ag;r C:H'é‘fﬁ%%?t g?ﬁﬁa?t it %\i%%usorb%&@rgontrol of

I ons.

the reaction conditions.

The kinetic environment corresponds
essentially to stirring of the system and to the
friction forces. It is not a matter herein of agitation
of the molecules themselves (elongation of bonds,
etc.), but of the overall displacement of the
molecules. The application of a pressure especially
makes it possible to supply energy to the system in
order for the adhesion primer to‘be destabilized and to
be able to form radical and/or ionic reactive species.

Finally, the action of diverse radiation
such as electromagnetic radiation, y radiation, UV rays
or electron or ion beams may also destabilize the
adhesion primer sufficiently for it to form radicals
and/or ions. The wavelength used will be chosen as a

function of the primer used. For example, a wavelength
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10 The thermal environnent depends on the
tenperature. It is easy to control with the heating
nmeans usually used by those skilled in the art. The
use of a thernostatically maggtai ned environnent is
of particular interest since it allows precise
control of 15 the reaction conditions. The kinetic
envi ronnent corresponds essentially to stirring of

the systemand to the friction forces. It is _not

maffer A& n H¥6 agitat Vo f ogethgs Ieé%Féssuppo;%ed 4-
t hgpseh yves -cakangabhennef bonds, 20 etc.), but of the
overall displacenent of the nolecules. The

appl i cation of In hesseentastpeefathy dhamdssly conditions,
possible to supply e : t [
POSSERLS g AUnBl PUB oo, Lhe P9t oD 314 o, e

t 0 de@icibadimedivand/Mfe ipHser@aal whapse esinPSiators is
Finally, the action of diverse radiation_ such as

el O&tEBmagnEPVRIPAdi atf ol y PaEi&PFBR Ay r eV igpnmental
el etlAR i¥hns, ONa bealf 1Mefl 88o08St aBjpidf1ie a chemical

adhesion priner sufficiently for it to formradicals
andidrt ilages. Theseavadladnigtitwséd widwemhetbhoseihals f the

30 funct.ion of the priner, used,, For e, .
va ¥§ﬁﬂfﬂ136pr&Pe bout366 nm-iteI | gégggéd f%?Vlronmental

supreidied s hexyl bergerediagonanmunstaidle dovrexthaf will
t he chem cal conditions, one or nore chemnca

iﬂﬁﬁﬁat§m(thﬁs eghepigsedPramele 25% edétionlRddi uhP the

T e m.cal -4 np i

i E AL, o TERAR cd) e MO Fofe1 €8 CRURLEFon. It

outild ned sabopessTjliecaltly, usechehewvakali ninibiaronfosehose
|s lower, than that o

Ea%g:lrtlnltc{% Fholek e]n’xﬁ e(ﬁm%ﬁ§gp£1;iffy %%hetsljxeone \rfiiggflmental
conditions and which can act over wide ranges of
thermal or kinetic conditions. The primer will
preferably be suited to the reaction environment, for
example to the solvent if a solvent is used.

Many chemical initiators exist. Three types
are generally distinguished, as a function of the
environmental conditions used:

- thermal initiators, the most common of
which are peroxides or azo compounds. Under the action
of heat, these compounds dissociate into free radicals.
In this case, the reaction is performed at a minimum
temperature corresponding to that required for the
formation of radicals from the initiator. Chemical
initiators of this type are generally used specifically
within a certain temperature range, as a function of

their decomposition kinetic products;



10 conditions will evolve into an unstable formthat
will act on the adhesion prinmer and will lead to the
formati on of radical and/or ionic species therefrom
It is also possible to use chem cal initiators whose
action is not |linked essentially to the environnental
15 conditions and which can act over w de ranges of
thermal or kinetic conditions. The primer wll

preferably be suited to the reaction. environnment, for
exanpl e to the's@%\?gﬁtc?ﬁef“lga&olqrerﬁaqlso eéﬁcr%an:%/nltlators

chemagal ddtiakeise8Xi ¥y THHEe k¥pestidfl arriggered by
general |y distinguished, as a function of the o
envitredreiian comdiallonswilsedUV. iy nad sP nPyi at ofddiation
t he f Lch per axi . .
cpr?ﬁouﬁés&%]@d%?gtﬁgéq@% ig‘;i]‘ﬁ_ng %F?%a , tlg{stelq%gn%fou%%%lcals
5 di ssecimdre | 6t 01EEe6e doaghlex suie@mrisnhi sBessd] dadd I, are

ocitRsste | o 018880 complenl sue s
N Y e o

radicals from the inidd&a{tQra11hem Cahemidil i at oifi€fators,
this type are generally used specifically wthin a

ceritraiiti attemse et Urtel § afigee ast g ureRidhy idnd 3gndek| Rormal

deconposi tion kinetic_products; o ot gchemica .

ragﬁeg%%ﬁﬁtéﬁe i A 'a?gggggﬁét %?rggleg(%?rsed Qg'ly ? ﬁlee adfibsion
10 I agjdlean ts | @LpeE by tor rfadinatriaali dalsuadnd/ o t botd/, Such

but also by y radiation or by electron be msg al | pw

t h@PmsctINeR L FadhrErsas r\‘?idﬁxwé?‘ﬁ:eé’rtllagss Rt &x lower

me | Sgﬁe %ﬁ%ﬁ]&f@ﬂ 1@ 1 AM0BE  fife PRGN Ckimer
or tadiochemcal initiators; essenti ally chem cal
i nivdeat onsdeirnitthet vescbiionhieondidel eig i nfepapidng & the

under nor el -t enper af 4y & and, PLESSPEsCRRY EbENSBple, a
15 reducing metal, such as iron, zinc or nickel; a
metallocene; an organic reducing agent, such as
hypophosphorous acid (H;PO3) or ascorbic acid; an
organic or mineral base in proportions that are
sufficient to allow destabilization of the adhesion

20 primer. Advantageously, the reducing metal used as
chemical initiator is in £finely divided form, for
instance metal wool (also known more commonly as
“straw”) or metal filings. Generally, when an organic

or mineral base is used as chemical initiator, a pH of

25 greater than or equal to 4 is generally sufficient.
Structures of radical reservoir type, for instance
polymer matrices irradiated beforehand with a beam of
electrons or with a beam of heavy ions and/or with all

the irradiation means mentioned previously, may also be

30 used as chemical initiators for destabilizing the
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10 prinmer to enable it to formradicals and/or ions.
Such priners generally have a redox potential that is
| oner than the reduction potential of the adhesion
primer used under the reactigg conditions. Depending
on the nature of the initiator, it may thus be, for
exanpl e, a 15 reducing netal, such as iron, zinc or
nickel; a netallocene; an organic reduci ng agent,

e SRR VL e i
ar g ST 1A dd @ldowrdasisatid i zation of the

adhesion 20 prinmer. Advantageously, the reducing netal |
used as cheni ®gbendiinicat o | $hen £PRELGiIANGI dedefor Apring

for_,_ instance I L _(al :
- otian (8 TarEhe; pEBRbs S Akl B o R Bon, e
or i neflaladiase pscstisie astahemgeal ai nsdlaent, aTphibspf for

25 greater than or_equal to 4 js generally sufficient.
St [FAMRSy ofheRJFEEN1FEde ARG RS 357 PREHa when a

POl YRS JYRIY | oSy segadl dt 64 10elRrplianG M 2 Beaglded in
el éctrons or Wth a beam of heavy ions and/or with all
t hea | sEdditabnoninearentmeit | origd pebei oeAgtivay salrd@ce to

be used a hem cal. initiators f est ahl lj zL.n
t hé-38W agﬁggﬁgﬁﬁﬁ?ﬁﬁéfmano I (%glgi n%él{eogjtcgﬁe ?anrétc i (%nnd the
of fadipadon ansi or réQOt Cvspespesieber ehgoantBgpending the

on the conditions used during step (b% of the process
acoRReRt t owihé | Reent FBASERt =wqks chRak| y YossiPfe not

t()%ﬁ; fkfégﬂgﬂ%éégggﬁa &gfheﬁﬁﬂPlfea@@@@e?@%@f&ﬁeﬂ Thus,

con i'ons” ar en a initrator is used, it '
wi | tomdeaeirpdequshiy behel sacdwtdimon apsémeti ohsi m  diazonium
contact wth, the reacti%§ surface to _al

destabi 1 i Yat D SFOTRE Aefhes? o pri Mo ]gow%:hce solvent.

It is wuseful to refer to [Chem. Mater.
2007, 19, 6323-6330] for the formation of active
species.

The contact of the first surface (reactive
surface) with the second surface (coating surface) or
with a molecule of interest may be performed, in step
(c) of the process of the invention, in different ways.

According to a first embodiment, the
placing in contact of step (c) of the process according
to the invention is performed directly. Thus, the
reactive surface is placed directly in contact with the
coating surface or the molecule of interest. For
example, a coating surface composed of graphene or of a
polymer membrane may be placed directly onto the
reactive surface. Similarly, the molecule of interest

may be placed directly onto the surface.
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10 formation of reactive species. Advantageously, the
solvent will be chosen such that it does not
significantly react with the reactive surface. Thus,
for exanple, if the adhesion ppinmer is a diazonium
salt, it is recommended to use a non-protic solvent.
15 1t is useful to refer to [Chem Mater. 2007, 19,
6323-6330] for the formation of active species. The

contact of the first surface (reactive _surfac W t .
the second surP&EETELBEL i nPsur ) &Pb4§5ﬁﬁﬁ: a i s
ol 1$1%f dDteEeB) guyrBesheEl eomte idbaligly (firRice in
theé process of the invention, in different ways.

Accordiang teithfither sedodiventsuniase pracidegtiapilize the

contact _of ep (c f the prgacess a r.di t
in&gﬁHQﬁTiiépéf?o%ﬁéa &?FEC#%% ﬁﬂug§£¥heggg r 5%%§Ve for
SUrhae® lies ty aceced) reet ky iexposet adt e thllleination, for
coating surface or the nolecule of nterest. Far _. .
exdMAtENce c&t i Ad JUHMREd Conpdsed6r ﬁf"ﬁﬁheﬂg ofLgfonium
a c%lﬁeqﬁ{dsr[e n‘ggﬁ’@ﬁc BY% RS PLRERT id eqldsn®titigt Nénvolves
reacti've surfacte. Simlarly, the nolecule of interest

30 meyeche g8 aredintiernest y Branpiteliulfhckelgy corresponds

Accordi.ng to this enbodinent, it is possible to apply

a ﬁFbé%ﬁ&%i#%?%ﬁus 9§ﬁnﬁgﬁ§urface in contact with the
reactive surfagedordest abtdi ze t kecamd méembddiment, the
al so possible to heat the system for 5 exanple. to
1|0019ntc¢rc11 00ExpRP i {Ch 0 9F | LRENRTREST oRCCPRELRAC S the
1 um i I, t CASE IL-AZ QY : SO 1
paf#g%%ﬁ%fﬁg ﬁ%@nqg%e asé%%bﬁfﬁgg¥ﬂ$%F6§§ %%ngﬁﬂeg' the

of d¢odteiest suERaapl e ItHe Imbeéowleorfespuraisest ol hipdaced

first enbpodj nment. .
in solution and the solution is then directly contacted

with the reactive surface. The solvent of the solution
may then be evaporated in order thus to contact
directly the coating surface or the molecule with the
reactive surface. This embodiment allows wide
variability of the coating method (spin coater,
dipping, spray, brush, etc.). Examples II.2 below
correspond to this embodiment.

Any solvent known to those skilled in the
art may be used in this embodiment. A person skilled in
the art will know, as a function of the molecule of
interest, the coating surface, the radical and/or ionic
species and the reactive surface involved, which
solvent to use. As examples of solvents that may be
used, mention may be made of dimethylformamide and N-
methylpyrrolidone.

The immobilization of biological molecules

on the zone of the first surface, is advantageously
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10 According to a second enbodi nent, the contact of
step (c) of the process according to the invention is
performed in solution. Cenerally, the coating surface
or the nolecule of interest igoplaced in solution and
the solution is then directly contacted 15 with the
reactive surface. The solvent of the solution may
then be evaporated in order thus to contact directly
the coating surface or the nol ecule with the Iin%gactive

SUPFEEOT™PH] sTenBodPReRt B0 wiBe ST DI PPEYUBF ©F 10
t he@aRld REIRINOMVH 5Pt "mgPaber 120 iRph Nim SPIRY  manner,
brush, etc.). Exanples 11.2 below correspond to this
enBBISmeE ferny (ol ey dkorwet ol katosromgihang) i neeephate
ar be Ln thi odi.nent ., A 0 Ll e :
inbugﬁérértg&?ﬁ?kﬁn&Q%éggyg &%%tigﬁeogg%%eqﬁilé%ulgrganlc
of mdliiunt eresfendhel Iooadnafprted afey;, the imddlshlization of
and/or. igonic_ species and the reactive surface .

| RS CATEh 2SbI VenEIGHRIC BTERUREF SR a5, in a
SOl YRNHS pfiRAgTEYa Bfe r US8Emi TBRLLABLERY fuRds Of id
di et ylfélr%rrélm de and N %E‘?E% Syrroli | IO peptides
i musdraddyi onfofhydodplgpledt meltemid egs od tURSWdheodf the

the first .surface, Ls_adyanta ly 4 for

or QAR E A LmOF h hifcold SRRSO B 1 or Qeprobected
MediHBhaMiicC lodmyids thae aes- hiydirbphgbieneer 2 f&ELt of
buf fer (tris(hydrox¥ethyl)aninonpthane)h phosphat e

bufef erlaxget aPECBAFFePn ofdf THBLRRe BFL9R oFanidliyyl ©oF

TR it P e e sdley Rl Lhgel 08, oaia

a peptideyi t ong hy@imophokseni bpobbettal spiekeilies such as,

gfeij]geS a genr?cr)relll—ixmg£irqur Oprrl?a?r?rllé:r ,nat urc%l&l%g%nr eSUlf‘:;Lbres ,
transmembrane proteins, and chitin and its derivatives.
Typically, the organic solvents used during step (c)
involving, as molecules of interest, biological or
biologically active molecules, are chosen from the
group constituted by acetonitrile, dimethylformamide
and dimethyl sulfoxide (DMSO). DMSO will be preferred
on account of its low toxicity and its permitted and
common use in biology. However, the use of aqueous
media or of buffer solutions will be favoured if the
molecule to be immobilized shows solubility in these
media, even if this solubility is low.

In a first variant of the process of the
invention, steps (b) and (c) of the process are
performed simultaneously. In this wvariant, the step
corresponding to steps (b) and (c) performed

simultaneously consists in concomitantly placing said

zone of said first surface bearing at least one
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protection of the hydrophilic groups, deprotected 10
synthetic peptides that are hydrophobic as a result of
a large proportion of am no acids of al kyl or
hydrophobic type in the primay sequence of said
peptide, or hydrophobic biological nolecules such as,
in anon-limting manner, collagen fibres, 15
transmenbr ane proteins and chitin and its

derivati ves. pi cal the r nic solve

cuPPRG 5308y PEATE IS TS SR Y iR eions o
bi glegii¢al er sa@@'z‘iﬁieﬁa'éty B d vV or®| Bedi @6l @fi®/or ionic
chosen fromthe group ‘consti t ut ed by acetonitrile,

di w@tewlefsoramux@m condlidiimnshyaf <ttRGEeT{BVEde second
an&ul Vttméa.cgeb?: erlec ersr cf'% n?&e%ﬁoeu'gf o{%ﬁ é'@w% 'fézs.é{tlon

O S conmon use 1 n Wever ,
th&mySQh@h.a@U%@b&tame@m& Qi abthwhteﬁ.solutlonS\Mll

be favoured if the_ nolecule to be i mobil.ized
solubility in fReddissramtnt  evBf ?Fcf’ﬂfiszsé‘gfs |?]§/ the

IS dAWeuhR @ df I Sinddant fn t heeqpocegsr&détiPe with the
invention, steps (b) and (c) of the process are

peﬁﬁﬁﬁnsdwslmuhmaﬂeo@meﬁenmn ehi sthari darstt heusfape, the

SRR 6 SRR D Al B IRLH, aciop o

S I h concom acl ng sal

zoRgficsal d fhisiasel f age beafiingdat ]d::&ﬁ&tousrilfy 41 i.e. a
adhesi on prinmer under non- electrochenlcgg condi tjons
di

t o chemigial, bBRikhRECE odatata2Fehidtefet SRy} oprimer
loni e c%{ri&dgl es apdaypder %91@9'0&‘ OnSriifc CopAag! Wahd which

t he se ( surface or with sai d nol ecul e of interest.
Thepteantd Idry 5reagtshent e ;tybuﬁtaﬁ@mns Advantagaauely, in

7S YRR, M B R e e RS e of
interest is placed in solution as deflned previously.

In a second variant of the process of the
invention, steps (b) and (c) of the process are not
performed, concomitantly. In this variant, it is
advantageous, 1if a reaction solution is used, for this
solution to be degassed.

According to one particular embodiment, the
process also includes a step of preparing the reactive
surface bearing an adhesion primer used in step (b) of
the process according to the invention. This additional
step corresponds to step (a) of the process according
to the invention. The reactive surface bearing an
adhesion primer is generally prepared from a surface
bearing an adhesion primer precursor. This surface may
especially be prepared by coating the first surface,

and more particularly the zone of the first surface
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adhesi on primer present on the first surface, the
second surface and the nol ecul e of interest acting as
10 chemical initiator as defined previously, i.e. a
chem cal initiator that activgtes the adhesion priner
to give a radical and/or ionic form and which
optionally reacts with this form Advantageously, in
this variant, the coating surface or the nDIecuIe of

15 interest is placed in_sqlution a% def| .
pr €0V BLEEY. Jjﬁnt%esé@@ﬁﬂm@éPﬁantt%f Pre of (H&ish

'n¥§@FnE§1n§t§HSa&Hés§Bg ﬁ?im@% bhecpresess are not

per oncomtantly. In this variant, it is
advant ageous, If &heeamtntaxtsobit ithe i Enveidion or thRi $erm

ti to be d d. A
par?gggﬁggneﬂ%ﬁﬁﬁﬁﬁﬁ&%%%ﬁgxﬂﬁﬁggésg alsobgni TdREstoed  as

st gRafli ngr apaldirGUike teact iyesepathaee Eeamn nheamdhesion
adhesion prinmer used in step (b) of the process

acBsitehg iR t Re ish%ih?. @Perﬁﬂﬂélgadéfcﬁpon%hlatzs i epasy to
hé&%%B%\dS Rl é;g) Oéhéh peose Sréccgidi NG t Gigher

I'nventi on. ctive s ace earing an
adbeabmmlpylnEMans ;h&uuaﬁhqpJmnep@méme&ﬁonuadsurfbh@ same

bearin an adh S|on cursor face
esPBYLEP P?eBEag coa RSrFﬁgiékégféir écg@@/art
30kﬁ6@s”DQ%rﬂ%h%|Cméﬂﬂééﬂﬁ@ %ﬁm&@ﬁ thee dhit SdrsUrddtees ion
42 involved in the assenbling, to formthereon a

fuprsmereonppuﬁﬂﬁg anTHHHeS|§ﬁrpr?ﬁ%mpb?ecu?%b*am}?ﬁs are
ther%%ﬂ&%é&so%é f%%é#!hmtgglﬁgr”h QQQQ% 281y, via a

mer “precar sor' under st ood neani ng a
nobempne t&aﬁauidnﬂnﬂanuﬂbﬁrxﬁnﬂrﬁx&m@kslwmt@rmaﬁ®z in an

eacagiey dtnte e T ohin oRE YA SorSSHL O Raiun,

it is possible to form the corresponding aryldiazonium
salts. Under these conditions, passing from a finish
comprising a precursor to a finish comprising the
corresponding primer is easy. The definition of the
term “finish” as given previously for the bonding agent
also applies mutatis mutandis to the adhesion primer
precursor. Thus, said =zone of said first surface
bearing at least one adhesion primer precursor is a
zone of said first surface to which 1is bonded,
preferentially covalently, an organic film bearing at
least one adhesion primer precursor.

Adhesion primer precursors that may
especially be mentioned include precursors of supported
aryldiazonium salts such as the supported amines of
formula (II) below:

(first surface) - (B)n,-R-NH, (II)
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stability than the adhesion prinmers under the sane
environnental conditions. A person skilled in the art
10 knows various "adhesion primer precursor”/"adhesion
primer” couples. Thus, for exagple, arylamnes are
precursors of aryldiazoniumsalts. Specifically, via a
sinpl e oxidation reaction, for exanple with NaNQ2 in
and_acid;g aqueous medi um or with NOBF4 in organic
medi um it i.s possible to_formthe correspondi.n
aryl di azoni um 18al W&t Clyn&ar ?héas‘lgg c&nd‘?"f?orﬁ{o gsﬁéﬁﬁa tor
fremauhisnigly . conprising a precursor to a finish
conprising the corresponding prinmer is easy. The
]gef. niti gn of fhe adhegnor | BEERCTaPLFCKEIPPieviBak| pay be
or the bonding agent_ 20 S |i tati ndi; :
t o W& a‘H’ﬁegi n f)%‘ﬁ%%’g S%Jecglfrlgg%fe%%&s@ ngtéel’%n%%@’ 0 T s
saighrtiilstl asURf agavaheagedgsat tbeasde ore pebesirepr chosen

primer precursor is a zone of said first surface t ,
whifaem sthendBpup preretdhtitsr ;Pﬁéo\?éﬁpmtﬁé aﬁhenyfamlne,

OV%EJ Grlddgn bearjng; atooRenl ea%inoNe adhasibi¥iddrer  4-
precursor. Adhesion Er%ﬁ%r p%ecurgofs t hat égg)
es fracmaigherlyd ameimts onedsippbuted pr edurasgm® of phenylamine,

SuRpOLed o £ Y1 e U Sl oo BN B, SUBBBELEEea -
sufAEA I dBIAtrRditdhd | | ) 4Suppsrwédch Bs-Byandpheaygamine,

as defined for formula (1). As adhesion priner
pr esiEsoitEed hat M AFRORYFEETYE AHEoNnt ex EUBPOERED 4-

pr easceeq:tanizira/ogmé ’ar&j}qné. S 4 ALl Lo & & ya@ﬂ&?néaﬁ?@k'ﬁed 2-
to ‘Use a precursor chosen fromthe group constituted
by rsamqpartaed] phemt ayiptesny slupiporaredl ] amine, supported

4Jrg}{é¥g¥g]gfgﬁ{EEdfﬁ%ﬁ%g}fggékhraceneamine, supported 4-
nitronaphthaleneamine and supported naphthaleneamine.
Various coating processes are known in the
prior art and may be used according to the nature of
the first surface to obtain a surface for which at
least one zone bears at least one adhesion primer
precursor that can be used in step (a) of the process
according to the invention. These processes may be
chemical or electrochemical processes. Such processes
may, for example, involve dipping, spin-coating,
deposition by painting or by spraying, or by pressure
and direct contact if the rendering material is solid.
Typically, when the user wishes the finish to be
covalently bonded to the base surface, the coating
operation may be performed via a process of grafting an
organic film. Irrespective of the type of surface used,
the grafting used may be a chemical grafting as

described in [Chem. Mater. 2007, 19, 6323-6330]. When
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br onophenyl am ne, supported 4-am no phenyl am ne,

supported 2-net hyl -4-chl or ophenyl am ne, supported 4 10
benzyl benzeneam ne, supported 4-cyanophenyl an ne,
supported 4-carboxyphenyl am ngg supported 4-

acet am dophenyl am ne, 4-am nobenzoic acid, supported

2- methyl-4-[(2-nethyl phenyl)di azenyl] am ne,

supported 9, 10-di oxo-9, 10-di hydro-1-ant hraceneam ne,
supported 4 15 nitropapht hal epneam ne and .su rted .
na%ﬁ'@h DT SFHITACE VAT | 88§838gf‘?’ﬁg Br §§§ESCQD§PC§+C§ Wow- s
' nfq‘xﬁ%tiﬁ@' Ofad t aa{}gnﬁagegﬁsM§edc@ﬁ_§Qéﬂl ngf t cart heelectro-
nafure of ~ the first surface to obtain a surface for
whigerfaingl eagstdenrrikaf Healshan- | ¥adeTon@0Q8hesion 475>~
pri 20 _prec [ ; ; ] Srﬁnﬁtg

théggrﬁécggg e%ae(lg:tg:?}di g%‘t;té&ﬁelqﬁ’rﬁl,}t;v(r?'tq}9}0nr‘El escgeé@\l)e&]frocjle e
pr gesssedbedny pkeviebenical The eteatingheprcedss generally

processes. Such praqcesses ma%é for xang}ae, i nvol ve

di p5PRg, $Fi nth6at ER§MALEBR0sPEi ot bYIPAPHt i YR TEYRY A
SPLAAHRY orO" (Wi LS SPF&c@Ps PRI dirhS! CERiaCleddmdle, by
rendering material is solid. Typical I'y, when the user

wi sihesiidad greifdhing U ng vt lehitamirissghd et t1° tPRSHERES to
surface, the cogtin operati may.be o) i a

pr 0¢e&ds Bf I.%rrhlﬁ ’ngggn Plgjr%ar?%c%efi i cf]%f‘{eﬁslpéeg??\}\eﬁ’of@hose
t hesupiRe Of conpi-agesusedine80oh hepgindt i pyetsetorey e the
a chemical grafting as _described in [Chem Mater.
206prm @f EIEPFIFE| APWRMACS-he base surface is

conductive or iegﬂéioé}%ic i{Yfleflhii% Haf A9 wiBY know how
advant ageousl y consi st of an electro- grafting as

desar idekrinii feChge vt a1 00Bpdiligiody 560 Bgergedr during

oSS A LG, 2 g1 COBLEELEBH B dhe cvoe of

| egdedrddie fgdmt iniy ofos ftik shaghepiosi ngramer to  be
obtained. Thus, the conversion of amine functions into
aryldiazonium salts may be performed in a single step
using NaNO, via a simple oxidation reaction, in an
acidic aqueous medium, or wusing NOBF;, in organic
medium.

The use of a finish makes it possible
especially to precisely select the positioning of the
adhesion primer on the surface. Under these conditions,
total control of the localization of the surface zones
used in the assembling may be obtained. The reason for
this is that the coating operation is performed only in
the desired zones by the user.

The use of a finish also makes it possible
to increase the flatness of the surfaces. Specifically,
when the base surface 1is rough, it 1is possible to

smooth it out by coating with an amount of finish that
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adhesi on prinmer precursor. Thus, for exanple, by

chem cal grafting using aryldiamnes, it is possible
to forma finish, in this case an organic film whose
10 surface conprises adhesi ongpri ner precursors in the
form of supported arylamnes. A person skilled in the
art wll know how to determ ne the suitable
conditions to be used, during step (a) of the

process, as a functlon of the t 15 pr or

sad SRToGT PRESRIE O AR D T T e Face
t h%b%%%%eSI ohdf 881 DR Bpet-hensn M, aly! deaaomeymeill
salts may be perforned Tn a single step usi ng NaNQO2

V|anauhanﬂmevﬁ@mﬁﬁ$qm eBatheobasen sarfags dithaghsrition
um or o NOBF4 0
gug}ﬁf o Fne pggé$%$é§agkcth% AU e to

especially to precisely
Se|b%Ctada{1ﬁ:dQDSed i 881 8g ahcirbaseadihesippsgikilrercantddte with
surface. Under these conditions, total control of the

| oddIS £8BILIMISWHESUr f ace zones 25 used in the

assenbl i ng mayrhe Qhfieds e £8ES@ANESH ik Sré.rfge from
that the coating operation is perfornmed only in

desi r etb rmesaby mhe0L6E¢r The usge mmxyhﬁQﬂ%ﬂ1Qﬁsoseveral
makes 1t possible ncrea the fla of e.
suﬂaé)(?é%etpﬁec}lﬂ Ctaq | §h a\t‘j‘\}ﬁe O?h <J:t Eﬂ%é% fttj 1Ss thus

e base surface

r oydusiidld Scpomsiilky tthesn@Débtiicalt copdueativigywidh the
an amount of finish that 45 is |arge _enough to

i ndiigdsd t IRddeat néds 1% heLSYer ade TEKt aPRBATSTRES, the

UL, e, L1 e

enabl es t he nDISme:Ieog}adeesmml r quctiams suafacepesticydarly

adarpetaecdtlsvoe a?no ecuq.erse:ase the pog’osss?ik?lé:oq:toac o‘@fserve the
reactive surface more easily when it comprises an
adhesion primer precursor rather than an adhesion
primer per se.

The adhesion primers, such as the diazonium
salts, are the chemical key of the process that enables
species such as graphenes to be immobilized on
surfaces. The invention makes it possible to achieve
chemistry that is difficult to perform with materials
of very 1low reactivity such as graphenes (very
thermodynamically stable planar graphite lattice).
Graphite materials such as CNTs or fullerenes, which
have substantial lattice curvatures, may also be used.
Even beyond that, the primers used, such as the
diazonium salts, are capable of reacting with a large
number of nucleophilic chemical compounds (organic

bases COO™, SO;®°, NH,, pyridines, etc.).
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the coating surface. The thickness of the finish may
range from a nol ecul ar nonol ayer to a thickness of
several nanonmetres up to the scale of a mcron. It is
thus 10 possible to nodify thesel ectrical conductivity
of the finish since, at and above a few nanonetres,
the organic films beconme insulating. Since adhesion
prinmers are particularly reactive nolecules, it is

possi ble to conserve the, 15 reactive surface nore

easi |y when itTESnﬁPngglﬁﬂ_g&ﬁggfﬁn%ﬁﬂqngiﬁnaﬁ9l%ﬁﬁes of
rather bHhagranaagdhesd i driypenpernse. £dbe aghies) orunlike
prinmers, such as the diazonium salts, are the
chepivehtiopadf hanslingoceker t Waicknibeeshepy cadedfwictions
such _as_gar.aphenes_to igﬁﬁ?@-i ed S : T
;m’fSEPPS lrrg es(?'?%tr pé:ks%% bl'e oélac iea\?:re13 g{]{ec?n}:lgﬁ% t hat the
i S adihkkiigwl,t tioe peyHearimal t Bumat éonhal sresdonssihild ofor the

reactivity such as graphenes (ver t her nod i cal,l .
CF Gehe S iPhn A e SIRERAY! AGRAnt U8 GHEMPVEEAEE orii (this
such s tENISr o f 14hd et ePeSce WivENcnhAXY Bebdamida@las pre-

Iattlce.curvatures, may al so be used. ~Even beyond
t hadhesligrepri mers used, such as the diazoniumsalts,

are capable of _reacting wt I u :
nucl eophilic cﬁ&ﬁ?%&FmggﬁpoDh S %%ggﬁ?cmgg%xgagéé to the
COQnve2@32n NHaaypyr cdinpedseet cah. 468ddThéohalent sbep  of

differs fromthe processes of the prior art_especiall .
by saiqtaginch &L W i3 Ve | ghla?t b%%’&?%@‘? ‘F%‘?é' YThis

Whi 61 Jhe.ahem &dls i 1 PNBodl BpPRNSERS erbQEL V€ surface,

adhesi on are%g}OV|dgﬁﬂﬁy the 5 ddhesive, the chemni cal

f uratd onsreespansibhbafby tire reducing the size of this
reactive surface and/or in decreasing the number of
radical and/or ionic species on this surface.

Thus, the reactive surface may be subjected
to UV irradiation under a UV lamp (spectrum 300-500 nm,
200 W) for a few minutes. Typically, for a 2 nm layer
bearing diazonium salts, a UV exposure time of 3 to 10
minutes enables the destruction of all the diazonium
salts present on the surface. This result was able to
be monitored by IR spectrometry with total
disappearance of the peak at 2270 cm™*. The layer thus
obtained is referred to as the “dead layer” and no
longer allows assembling or immobilization of another
surface or of a molecule of interest.

The UV irradiation time to obtain the “dead
layer” depends on its thickness. As a variant, the
irradiation time and/or the irradiation intensity
(lower power), the density of the radical and/or ionic

species in the =zone of the £first surface may be
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adhesion are already present on the surface, in this
case the reactive surface, which may be terned as pre-
adhesi ve. Furthernore, the process according to the
10 invention may conprise an agditional step of
structuring of the zone of the first surface used.
This structuring consists in nodifying the reactive
surface, and nore particularly in reducing the size
of this _reactive surface an i n decreasj

d/ h
nuRBELrefleds rﬁaﬁbéanndWB?lFg%?Elgﬁec? s BQgtﬁﬁébber of

SULLaGGe THUBest hSeFfeaglitve s aceniRy peosdBiech@es it

to Wirradiation under a W/ | anp (spectrum 300-500 nm
gOQOWSi\bg!e aof ewddifiyuttdee  dpyysiidat |<3£,O kel R ajperest
earin lLazonium.salts, a Wexposure time of 3 to 10

ZQpﬁFn%P%§ Bhsp && ?h@ gggpPﬁngon of all the

di azoni um sal hg pf esg&piany, t kBeswirmoetudities ofsulte zone

was able to be nonitored by | R spectronetry %NI

toPdl thel dapdarsidecst UiRd peakchit PPt al Y present
:aX%kagﬁgn ge%gﬁﬁgﬁgé§f5§£§&rﬁgi59 3% e "wedshration of

| ayer™ n er allows assenbling or
i moblei Irezattiiore clurdiecteher surface or of a nol ecul e of

interest. The l,rradjation time to 1Nt he "

| ayer " dependsfgﬁsitsv?ﬁ?%ﬂﬁes§?a¥¥s §9§gﬁﬁght,eﬁﬁggg the

i r radiatdny A mndiorat Beni bhadisdtigom int @nsélgcedfode as

(I ower power), the density of the radical and/or ionic

spelsissy ihed horegAeUSH Yy heOFi r'dte sti¥acBiney B&HP Lo be

cog&;%ﬂe ’t6”¥ﬂ¥'§¥b | fication of the nunber of

actrTve 'sites per uni't area. This process makes it

possi bl e to nodihfiy tdwamgensitiiclofmaw|lee ul Bkergd to a mask,

I nt erest er uni.t ar
is applfed prior é§1g£eége(%5m%£é'(b) of the process
according to the invention. It typically corresponds to
a physical species that 1is neither grafted to the
surface nor covalently bonded  thereto. It may
especially; be a bulk material or a thin layer of
material, typically from a few Angstroms to a few
microns, generally of organic nature, deposited on the
surface.

The stamp enables local “masking” of the
chemical reactivity of the surface with regard to the
radicals generated during the process and thus leads to
controlled formation of a film only on the parts of the
surface that are exposed to the solution, the zones of
the surface of the support that are equipped with the
mask being preserved from the formation of the organic
film. The surface of the solid support placed in
contact with the liquid solution as defined previously

thus typically comprises at least one zone covered with
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5 As a variant, the structuring of the zone of the
first surface used in the process of the present

i nvention may be performed prior to the preparation of
the reactive surface. This vaggant may involve either
the 10 electro-grafting of a finish using a

m croel ectrode as described previously, or the use of
a stanp to be applied to the support. This stanp,

whi ch may be | ikened t K, | K i
S epdTay - aRdtely TMRd pPbocbe TRORCRb, ARy TONRE the

I NLeRL-LERAon! T P St Y £OEhEEPQARES protadilysi Gallike that
specCies that is neither grafted to the surface nor

cowilieht Iwashondedeghapped. Withhey masghecidgepy IRt Lomprise

bulk materdal. qr..a thin layer of material, typically
fr&r’i\yagFg\fvtEﬁggtlllglﬁB to a few 20 m crons, generally of

or gani ¢ nat ur eprd€peablled @het h@skswifldcéoe Tewenst dirgeed of
enabl es | ocal "masking" of the chemcal reactivity of
the $hifadayit P i PhePTIf Tt aFRYY as &

duri h g .
1R A Sfprl%?eszls aBfethus l@ads tan2%&omdaalih d
forr?g%l on of a fi monley on the parté1 of thea éu??afzzmove
t hatndare empbded danditig cawsi.ut i Bn, ldvwerzones ofmaterdal is

surface of the support .that._are equip W th t :
mﬁ?lﬁé'id%&erﬁ{le%%rggaﬁf FEFOERE f%sfng{’i gﬁgg’f nt(%e %f A the
filyge The suktaemeof c6h@is0bhd Stippor tayd atedmiful30to the

contact with the |iquid solution as defined previausl
t heraffsicafLyme okpr PEEETattP oSt HREOYBHe ggipé'rcéagﬂiy'y the

2¢E¥%é§ cgng??fonéw%EErég ual tf dhprmsknéhiéde ®B€hing,

opéeration, e surface that was protected,

unlgdeeertaidty méirtormed nstingqu ppeliventhia ndsich does mask

ruﬁigogg{&gfé’ ultrasonic treatment in a solvent in which
the mask is soluble, or a raising of the temperature.
Needless to say, it is desirable for the mask not to be
soluble in the solvent present in the liquid solution,
i.e. the solvent used in the context of the grafting
reaction. Thus, it is recommended to use a mask that
has an affinity for the surface higher than that which
it has for the reaction solvent.

The material constituting the mask may thus
be chosen within a wide range. It will generally be
chosen as a function of the nature of the solid
support.

The mask may react with the radicals or
ions generated during the process. In any case, it is
possible to remove it to reveal the =zones of the
surface of the solid support protected from grafting,

on which no organic film will be observed (likened to

the “lift-off” methods in lithography) .
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any grafted film 5 Preferably, the mask will be
constituted of a thin layer of mneral or organic
material acting as a |ayer of |ower cohesion that can
be readily renmoved wunder mlgoconditions. A |layer of
material is considered as such insofar as it does not
require the 10 use of extrene conditions that are
harnful to the grafted filmin order to be renoved.

Typically, th 1 1 d dit.i '
chom cal *vashi WEK. G hoF FOPRGILES: Al SBrveriown

i npwhi ghokhe BRskiels $al ubhe, sktrasontk tt&cthmbqiesd N may
a solvent in which 15 the mask is soluble, or a
r aesprgiefl lyhbet eqgdriacur &apquedtdan (oF sHyneygiqn. Thus,

desirabl e.for,  t Of t .. sqluhl.e | .
sol‘i’bgntmaﬁlkéselrﬁ %ﬁ}]g?ﬁgeﬂﬂ éjal % g’gllﬁlt ?gﬁ},éxeiéfew.rﬁ{‘%erlal' may
sobeengepsedtéd, t ororkanplef, tdethenf tiyngdireatt i drawing
Thus, it is_reconmmended to use . a mask that 20 hq: an

af Misdngy & ofetthe (RERFAL e LHPEhe "PRETRAREL WHith S}fet chosen

hag Jfe@-iBhe r@ﬁ‘?‘dl%ss,o' yentis ThesBRbeEl alfor example, to
constituting the mask may thus "be chosen within a
Wi aheser, arge malstk wid [maydresr sgush bes ehesensabd alf upedt bpnery

of the nature of the solid 2

et 0 Rl et e by oFSReYoatkerabies ik Hax. 1
PrQGesg1sdNpaRyikdse, tot use fossrbkampangemueoddss.o This
reveal the zones of the surface of _the SOli%,SU ort

pr Seshnd@ue oif graR PP §FPRALEN 1Ko Bt gdicc $$??‘n of a

rqu#ﬁﬁfgéﬁﬁgf@ &éb%%ﬁe%t ride " Lhbt- off "comitesng for
gr y) . sk deposition techni qgues are
veldulkown atomshosgoskidnstange t ke geild Stighface; in  this
teCChans!eqluestp;gy mask will generally be composed of
alkylthiols, in particular long-chain alkylthiols,
usually of C15-C20 and typically of (18 (technique
known as “microcontact printing”). More generally,
standard lithography techniques may be used to form the
masgk: spin-coating, followed by exposure through a
physical mask or via a beam of light or of guidable
particles, and then revelation. ‘
The present invention £finds particularly
advantageous applications in the field of biology.
Specifically, the support used in the context of the

present invention may be in various forms, of variable

size and useful in biology. As non-exhaustive examples,

it may be in the form of slides, microplates,
especially 12-, 24- or 96-well microplates, particles,
beads, microbeads, fibres, felts, tubes such as

haemolysis or microchannel tubes of capillary type,

columns or microcolumns such as SPIN™ columns, and



especially be coating, vaporization or inmersion.

Thus, the nmask, in the formof a thin |ayer of
material, may 5 be deposited, for exanple, either by
direct drawing wusing a felt ggpencil type) inpregnated
with the chosen nmaterial. On glass, it is possible,
for exanple, to use, as mask, a marker such as those
sold in stationery shops, or alternatively greasy
substances |i ke wax. |t %p i s al so._possi.ble tg use the

"SEHRBPRES PPEEeLOT PHIOSSIEOMMICFuL Y i cHlsiss various

esE?Ségl | ¥ | Rt 1&aSRa Pl ravesOklideSUPPARGINGVIMIGMIA a few
surface that is conplexing for sulfur atons, for
i nbtadreda wtrbmetiese td nsewesal cagntimatuagsk wol |these

general.ly,be_conpos 5 [.1 b d N Al

RGP RSP GT Ry Th B 2L ofe, o i Cifen goBng el to
5 typbfahh¥§mbkga8 &t ecimmiapiel i derbwn wasi dhni erreconefietred to

printing"). re generally,, andard I, th :

t cERARAHES LRy ﬁéguséﬁl?%g$b?%ith@grmﬁﬁelé§¥é§¥P§ active

SPLR16eakLRE, f%ﬁhgmegdbﬁn€é§@§ﬁé§ t hpeugBhdsél from the

physi cal mask or via a beam of |ight or of guidable

Paggbm@esxxmﬁiiTmﬁedevaaﬂpﬁptiﬂﬁSpreEéﬂteiﬂvenﬁW9h as
in articularly dvant agegus, a | catl in.the .
(1 Gedebinn o n BecBPpEaiRy B pr sk o i in o

10 t hercoshgxhe Of ate LZRiRIesent arnvieidyonfragmértsn cell or
vari ous fornms, of variable size and useful in
bi OleTHFangs norFeSERfART ve exRfIRSCh3F1GRE pe FHClhe 2S

for oaii RSy JUH AP ESpec AOPRF Ry ilid; , c&fits Obr cell

96-Wel'T""m croplrates, particles, beads, m crobeads,
fi hrass foldls, as ubedlsoclyans t88 emgnksianes, and nucleic

T GO GHRE SRR 288 kol urma and SO Suppor s
1g used for bi oseRsRisS s beRphhpsedTheser ivarslgys the present
invention may be used for the preparation of biochips
or biosensors. This preparation may have different
embodiments:
- a layer of an adhesion primer precursor
20 of the diazonium type is formed on a conductive or
insulating support, of organic or mineral nature, and
the layer is activated to form radical and/or ionic
species, and then:
- the biological or biologically active
25 molecule is deposited on the total surface of the
support, or
- the biological or biologically active
molecule is deposited by means of a micro- or nano-
fluidic system directly or sequentially in the form of

30 a drop, another molecule thus being able to be
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types of support may have sizes ranging froma few
hundred m cronetres to several centinetres. In these
applications in biology, the nolecules of interest to
5 be assenbl ed or i mmbilizedsiwhich are referred to
her ei nbel ow as "bi ol ogi cal or biologically active

nol ecul es”, w Il advantageously be chosen fromthe
ngup constituted by peptides; proteins such as

gel at protein G, stre taV|d| bjotin

i BRa. Bl G SRR et S | Ha so

oronneggrane receptors; polysaccharldes such as
glycoantnoglycans and especially heparin; cells or
cell parts suchﬁﬁ@cépFlﬁﬁéﬁﬁt%EPRﬁr%eﬁﬁréﬁﬁpe%n&n the

nu%%%b%lg C'@%n%ﬂﬁ 1 % anglg%@gléélThMéleéﬁle or the

expla pr evi ous the present ~1Invention nay be
us@doﬂaglbbﬂlgrepan&blmnletuheochlps or bi osensors.

This preparation may have differe enbodi nents: -
| ayer of an adﬁ@sﬁ%éﬂﬁiQEﬁép?ﬁc S1050 B LMHe prefursor

di @zonikym t ¥pg-baihiar NefoON B CARPEilana0r a compound of
i nsul ating support, of organic or mneral nature, and

t hpdlypdenys. SEHEALEE t o form radical and/or ionic
SPEeci es, and tggule |sr§F§%£% glcakogr %lﬁ!ogﬂ%§||¥ar1ants

active 25 nol eposi ed on the total surface

of dd¥e nedl R Lol hecdipdoipmala ostdp 0d>bgs’cmhd:§rur1ng of
active nolecule is deposited b neans of a mcro-
naﬁ%ﬁffIiH%ﬁ%?%ys?§n18€?ec§P?98 Csedif&tti atty F%etherocess

for qggkgﬁﬁiﬂplecule thus being able to

be |ntffégiggm%y neans of the deposition of a

drop, and so This structuring may consist of an
intermediate step with the deposition of a mask
followed by UV irradiation, before the deposition or
immobilization of the biological molecule or the
biologically active molecule. Thus, a grid or a mask
deposited on the activated support, having a particular
geometry, allows a spot to be obtained (square, circle,
etc.) and the assembly is then subjected to UV
irradiation for a predefined time. The zones of the UV-
irradiated adhesion primer will then be considered as
inactive. The zones of the adhesion primer that have
not been UV-irradiated will still be considered as
active. They will preferentially be located at the
surface of the spots that it is desired to create.

One variant of this structuring may

consist, prior to the implementation of the process
according to the present invention, in using a pad that

serves to mask certain zones of the surface as defined

previously.
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on, or - the activated support is dipped in the

sol ution containing the biological nolecule or the 5

bi ol ogi cally active nolecule. An exanple of an

adhesi on primer precursor ofsihe diazoniumtype is
especially a conmpound of polyphenyl structure. It is
possible, for all the variants 10 defined previously,

tg performa step of structuring of the surface of

the support used in_the process . according to the .

i nventi on. Thi§°§t?ﬁitﬁp nﬁaﬁéﬁngﬁnéﬁgﬁngg Ffeviously, it
I nger i a1 St @) WobbatiRe €ePoSidyiedn of aadB&é¥iodS primer
foll owed by Wirradiati on, before the deposition or

i mobcbikrgari ofi dhet AeabPvlvgi E¥Pen®l ecul e or the

biologically active cule T a_gri
deposi ted on thekgbt|V%ﬁ%%$sabpor ?rhggiﬁgng{ 2 Tﬂ%%ursor

?aéuéeukaehegf:aamuyy, @h| ows acspductdavee obtai netsulating
square, circle, 20 etc.) and the assenbly is, then .
suBFBEPEH t AR ??Paa?-%ﬁzsn afsord%Sﬁb‘a%? | B IR RAenal

zopaget ! bddbcddididi aned advesioan proser wihle t hAipport
be?congldeEg)_as ﬁhactive. The zones_of the adhesion per
pr bwesibhyt brang ofiobresicUvri miagrateBa® Eistill be

consi dered as 25_a t%égigzq €MéI%éﬁfﬁégEﬁ%éﬁ%lébﬁggining

|l ocated at the &u g spots
degheedchomte£le. dIEiwardd@ntiiaminki sost rauctondngtimg or

consist, prior to the inplenmentation of the process
acébsyilaging t MAIgRAEentof nveRERBAC iﬁIUQWﬁﬁ%¥%iujnaturer

t h?&e gi‘?&gr g)%.sttte‘i‘nqﬁlﬁk & LRI AL FONESy afi dRE- UL @Le SPstem
define reviously. 752
and thus a spot of precursor of an adhesion primer of
the diazonium type;

- a deposit in the form of drops containing
the electrochemically activated diamine with a nano- or
micro-fluidic system with a counter-electrode on a
conductive support of organic or mineral nature,
creating patterning via a nano- or micro-fluidic system
and thus a spot of precursor of an adhesion primer of
the diazonium type;

- the direct formation of a layer of
diazonium on a chip (which has surface structuring in
spots, for example) via an electrochemical process,
each of the metal spots of the chip being covered with
a layer of diazonium. Each metal spot is then covered
with a drop of a defined volume containing the
biological molecule(s) of interest.

The present invention also relates to a
solid support whose surface bears at least one zone as

defined previously, 1i.e. a zone with at least one
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For all the variants defined previously, it is
possible to obtain the |ayer of adhesion prinmer
precursor of the diazoniumtype : - by form ng a | ayer
of such a precursor 5 electreghemcally on a
conductive or insulating support, and especially as
described in international patent application WO
2008/ 078 052, the support possibly being of organic
or mneral nature; -,a deposit in_the tggn1of dr%p

)
coffdifithy ¥/iHe cHdMTal PRSGLEFvat ¥d i afitne Oy one
conduelive Prildsul 8+ RA tAURROrefét ObGaANIIsion primer
mneral nature, creating patterning via a nano- or
nl@ﬂgﬁunmqmmz%@s@e@pe§m§ﬁwuﬁrbm%§oﬁﬂﬁ PYRRUFIR¥ 8gpY be
an esi.-on pri.ney. of ' i um type: - a .
oAU L R e S ARV IPS lface  ana chis
el eyl ]E)tlsél]_eg? edldae athi aieedvai-douae eniddd imemdnso- poeviously
mcro-fluidic systemw th a counter-el ectrode on a .
coRIYESAZE S u P B TY (iR gBhRt BRSitE ) é%%[%ﬁ‘g previously
Cr RlJ-NG PR t &Y NGk ade N , Mggoafd Ui ditze, etc.
syst ﬁyzdggﬁd thus a spot of(%ﬁigfwsor of aﬁ adhziione ¢
p][ larmvlrll@a‘s mite tdi cazoriandisy e, the e egiqndc S FlgShetiPhert

of a | ayer of . azoni um.on . ' ' h a
structuring inTgﬁbd?E?éé%g é%gﬁgkgfgv?%ﬁgﬁ 2818UELAG che

el e@d ogreniCalsqliecessipparteaals ofiefieedet pirespotislyf for
the chip being covered wwth a layer of_ diazonium .
Eadhr 9RA%INE foteiCh e Pl R P LA CUF R 220F opPof g]locmp or
def] ned, vol 0P coRLREDLAY LheolhicolAgigdie Mligsubetsace of
of Tnterest. The present”invention al'so relates to a

30 winldhl Isempporat wheset somé azendedi thadt| éggstopaezgpdical

as a.rg.jé? c|>rnec:jlo riecvi SBS'cYési 'aes %e%g%%dw ﬁge\%oﬁgﬁt ¥t has
reacted with a biological component chosen from the
group constituted by peptides; proteins such as
gelatin, protein A, protein G, streptavidin, biotin or
an enzyme; antibodies and antibody fragments; cell or
membrane receptors; polysaccharides such as
glycosaminoglycans and especially heparin; cells or
cell parts such as cell organites or membranes, and
nucleic acids such as DNA and RNA.

The present invention also relates to a kit
of components that can be used during the
implementation of a process as defined previously. Such
a kit especially comprises:

- in a first compartment, a solid support,
the surface of which bears at least one zone as defined
previously, i.e. a zone with at least one radical
and/or ionic species, with at least one adhesion

primer, or with at least one adhesion primer precursor;
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53 radical and/or ionic species, wth at |east one
adhesion prinmer, or with at | east one adhesi on priner
precursor. Said species, prinmer and precursor nay be
dlrectly or indirectly bondedsto said surface, and
this 5 may take place in the various enbodi nents
previously envisaged. Everything that has been
defined previously regarding the surface (shape,
nature, size, etc.) , applies nutatis nmutandis to

th
present solid SuT¥Onafe préBeft FRYEM i&r?méﬁasr&me%t' at
rehabes todde cRpdpenel SlddhsHpPest aprédrhidied the

previously for preparing a biochip or a biosensor,
anadm@sao@Lophﬁmear fzobi odbAsoPreoupEPsi ngfarsopxample a
suppqrt, the sur e of which bears | east on

wi 7 &Elloé’as?]?oﬁ\{@%&édijc%l ant ](')?‘?ll oRi he?%%ci%és@g%&’ 5r a
defdoned iprevd PURDEF] hati nhascgkmirceasé@tum) t And/or at least
bi ol ogi cal conmponent chosen fromthe  group ,

COPEE tARTERPIFI D PEFRRIATYr 6PE| REOSUCATYs & geadigat and/or

pr qtoﬂl% Ag ;@rcqg%i nf@ogStﬁﬁQt aydih & ol Plihe¥, @hch as a
enZyme; antibodies and anti body fragnents; cell or
e rdhrearie arle deyittdrasg;orpol ysacchari des such as 20

gl ycosanmi nogl ycans_and especi al ly heparj.,n;_ _cel
cel| parts such a§ﬁ%ﬂqn p@@nit%é of né%g?g%esggg értment,

NUGRIthaaCi 861 s8ChEaspdMA and RNAandhebpeesenthose surface
invention also relates to a kit _of conponents _that

caWQﬁ§QﬂRﬁPQﬂn§Qth¢m§eQEP¢n%V%%%ﬁ%a%?oﬂegfn%dpP68¥§QUS1Y
as defl Wﬁglgésﬂeogil ¥ne¥ehe aKideosReEi #dYiously, to be
conprises; - In a first conpartnment, a solid support,

t heimnodidciezeaf. whi ch bears at | east one zone as

el 1o B Sv R TorpeSap s FRR T BebSRbaRlE o ene

adhgsd ORf a solid support, at least one zone of the
surface of which comprises at least one radical and/or
ionic species, for immobilizing thereon another solid
support or a nano-object whose surface corresponds to
the second surface as defined previously. Thus, the
present invention relates to the use of a solid
support, at least one zone of the surface of which
comprises at least one radical and/or ionic species,
for immobilizing thereon a single-wall or multi-wall
carbon nanotube, a graphene flake or a silicon
nanofilm.

More particularly, the present invention
relates to the use of a process as described previously
or of a solid support, at least one zone of the surface
of which comprises at least one radical and/or ionic

species as defined, for exfoliating graphene flakes.
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primer, or with at | east one adhesion priner

precursor; 54 - optionally, in a second conpartnent,

at | east one conponent necessary for producing the
adhesion primer fromits precsgssor (for exanple a
solution of NaNO2 in an acidic aqueous nedium or a 5

sol ution of NOBF4, in organic nmediun) and/or at |east

one conponent necessary for producing a radical and/or
ionic species fromthe adhesion priner, such as a

chemical i nitiBFBFRSIMGRE; oS PTERERAL ¢ AfivgnLion relates
cogpaLhEelke o0 ARIRAssSAd HeHHNWLd Preriously or of a
nano- obj ect whose surface corresponds to the second
supbadd asupledihed air ekEoaE| Yonor zeNgpl @Eu|tdif surface of
i nterest as defined evi , b ' bi l.i C o4
Th&pFEsefit " Frven ioﬁEa|%§g§éYa?%§ t%a?%gyP15&%%§§%f 2?nlc
sokpdcieppoas, adfimas! dow zmeeadlithey surfzre obf said
whi ch conprises at |east_ one _radical and/or ionic
spé&dires, $%ﬁf§ﬁﬂnbﬁﬂﬁﬁ%ﬁ}q%ﬁméonwgﬁﬁt@ies&FF&nd surtace
SUpRQKL Ok ga nano-.ohi yhose s ace rre

thggsgbon Ssur%acégggggg?lned prgg?ousﬁﬁg Thﬁggagﬁzlg% 2
pr esewpainpiede ofNPE| atids 6 tomssidelef te se$¢ da solution
support, at |east one zone 0 h r.f of [

comi s 14 Ioéhesto%nrgof%dwgg &a(r%aﬁ grs iacg%tc Csa\ggckl‘}%s],:educed
f onyyi MRk | g N@mibereared Soagl ehwal Eisstmubtirfaakl after
car bon nanotube, a graphene flake or a silicon 25
nad@lemenstd 9Far t PEul sy, Pﬁ@cﬁﬁésen?c??ﬁéﬁﬁ$ontx’ the

reli%tv%%tlti%nt.heIﬁJSSeﬂér?lpr RERS S ARSChHLLGEich the NB is
previously or of “a solid support,” at |east one zone
of imweksillrifzace wbilwbeclicmprikesmaersedstingge a solution
radi cal i oni

éé%%rfgygéwoﬁgnég more metal salts that can be reduced

by the NB.

The present invention also finds a use in
the field of surface treatment. Specifically, it may be
used for durably treating a material and especially for
modifying the properties such as the surface energy,
also known as the “surface tension”, the “superficial
tension”, the ‘“interface energy” or the “interface
tension”, of at least one of its surfaces and thus for
modifying the wettability of this surface. The
invention makes it possible especially to modify the
interface properties between said material and a
liquid.

In the context of the present invention,
the expression “modifying the surface energy” means
either increasing or decreasing the surface energy,

especially relative to a given liquid, whether it is
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30 species as defined, for exfoliating graphene
flakes. 55 Furthernore, the present invention relates
to the use of a process as described previously or of
a solid support, at |east onsszone of the surface of
whi ch conprises at |east one radical and/or ionic 5
species as defined, for netallizing a zone of said
first surface. Specifically, when the second surface
used i s a, nano-obj eCtr%g and e eC|a

aTOFEPETAISC 18 TRHBTRb08 bl BhE o RISERS S oPGEPERIR  ©0

CORPLl $RGORE 19k i@ RAeSald pddHilbicandaensdiced . e.
10 by the NB i mmobilized on the fﬁ%st surface after

mploermmausm of deerepvckesthaceoripay podige of a liquid
m%e)tnt' %Qea i i &;fatc%e gHRROr { - ON Y Q:}éltat%:qlvlgB £S the

rectly rmersed rnto a solution
CORPhItSICRy @megles rﬁfr e urd alsaaed t sliquaitd carldmed edm:edsald
15 by the NB. The E;esent i nvention also find
i nunitFeaties] d ofustateice t PEYPREATSORH ¥vf|c£%%/ ?rocess

na%é%%r#fﬁ?’{Qrtﬂ%r?%é%éﬁ@aﬁhﬁgnﬁlmwfﬂdab P¥bcess that

especially“for 20 nodifying the properties such as the
sumﬁﬂmﬂ;enargpossabé@ km@wnmaéliMe (SuﬁfacéotehQFﬁﬁase or

t he "superfl n [ I f energy" or
{ NECHE ke (BRIt Ot TFeRb L BAET |16

surfaces and thus feoris mMdidlidu: idie vvettmabumrga@é whose
this surface. The 25 invention nmakes it EOSSIb

espavifadey ereTayi iy tife d9TiERd ak® PPEREYL IS Det HERATIVE
saigd faten al ad@fﬁe%ﬁ%(\g}%%%yp heILCOrB‘é}?XEeOBft BBy nature

pr ésent invention modi Tyi ng t

surdmsa crdngy 'emetsmged0 édrd@ni¢ ncrvisenglor insulating,

decrea3|n the surface e ergg
conductlive or semicon re)

More particularly, this
surface is a glass surface such as a flat glass used
especially in the building industry, architecture,
motor vehicles, glazing and mirror-making, an agquarium
glass, an eyeglass or an optical glass. In addition,
the thickness of the organic coating on the reactive
surface assembled with the molecule of interest is
easily controllable, which does not modify the optical
properties of the material.

The hydrophobic molecules are typically
insoluble in protic solvents and particularly in water.
The solubility of these molecules is finite and they
may form phases that are immiscible with protic
solvents such as water. They generally comprise at
least one chemical group that is termed hydrophobic.
The hydrophobic group participates in modifying the
surface energy. The hydrophobic group is advantageously

chosen from the group constituted by:
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especially relative to a given liquid, whether it is
56 hydrophilic or hydrophobic. The process according
to the present invention nakes it possible to nodify
(i.e. to increase or decrease) the contact angle of a
liquid placed on the surface thus treated relative to
the 5 contact angle of the sane |iquid placed on said
untreated surface. Advantageously, the process

according to the present invention_is a prqcess_that
makes it possibl@ tl&nr?@dfi'f;blfarr.lc&eq oangg’§3§é3 or> to 50,

degssasea1iPpecaetbabibi haofinsphetsvuiasec1d0tbn coldi a1kyl
application, the surface whose surface energy it is
deshaedmay epdiitpald va compcidareat sipfakeongs WSkitggtion

pr?&éggféy rIErEEXebSOBE}anthﬂgﬂ%% fo) %e%%%%? tom and/or
envi saged (organtc, mnéeral, insulfating, ~conductive
orasemaondons i yedstidbteoparticularly, this 15

surface is a glass _surface such as a fl at glass used ,
especial Iy in the Badi F8i (g A n@fRSSLa e ekPufFa? and in

MOLOL YN £1-€6100t82LB8 8RG1Mchber miIBKiopEi oM 189U i se
gl'ass, an eyeglass or an optical glass. "I n addition,
t hatt heskhesneofsusios tartgemian c csndingsepstheur kot gy be a

20 f l.ed_with.th | f i . i
b TR E o nPEATE AR e i e o e 16 hear r oPRELENIYLe to
propertars ofnthearbieiiat. dhe hyslr quwbiik@l edHas may

are typically insoluble in protic solvents and
paPPrionatly icompatiee absleREts AR FPEFtBFaEheRe (double

mbfcekgﬁlésbéﬁastsnawsrtg yl@§¥tf8ﬁﬁ‘ Rbasesathat are
imiscibfe wih protic solvents such as water. They
general |y conpriseCat td €ist, cespatienigal Cgr bagpCBhaend in

SPEEETES DY CIoB) Scop T QPSP 5 Oy oprionany
comprise at least one unsaturation (double or triple
bond), at least one heteroatom and/or at least one
substitution.

Said substitution is advantageously a
substitution with a Cl to C6 alkyl and/or with a
halogen and especially a fluorine.

A molecule of interest that may be used for
this application is especially a surfactant, and in
particular a fluorinated surfactant such as those
contained in the compositions sold by DuPont under the
brand name Zonyl.

The present invention thus relates to a
process for modifying the surface energy of at least
one surface of a solid, which consists in assembling
said surface with a hydrophobic molecule as defined
previously, according to an assembling process as

defined previously.
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30 surface energy. The hydrophobic group is

advant ageously chosen fromthe group constituted by:
57 - a linear, branched or cyclic C3 to C50,
especially C6 to C30 and in pagticular Cl0 to C20

al kyl that may optionally conprise at |east one
unsaturation (double or triple bond), at |east one
het eroatom and/or 5 at |east one substitution, - a C3

to C50, especially C6 to 0 and in articular ClO.t0 .
Co0 aryl “that HRJABHEPORAFIY- coniid sELoReeeatt dffertfring
sughgt i tdify Qe SUCheSEPSt EbibL9BeBRY abe additiealal step,
branched or cyclic C3to C50, especially C6 to 10 C30 |
andoiliopangi cllisr sGEeMYd ior0 athddh t¢pnrshys in subjecting
optiqnal | onpri_se, at -l east .pne unsat ' ( bLe

or Sﬁllﬁpl %‘Xjﬁg?ﬁ%nl? anar %‘rbla%al ‘t'e%g? oér%?etﬁ[e)?%gtg gem qu‘aIaCGheat
t 0 tRBtmesReci Shéyi £Hcd D1 30thnd ieatpatreethant Chikes it

C20 (paly)cycle that may optionall 15 [ t
| e RSB aRE U NSat VBRI ( 650l OB ELFRpT@RbAt) thear Surface
le%%ter{_a;?ﬁi g%ti% ‘}?éd‘;pcrsn@w@ﬁer% d&sistodein subjecting said

substi Sal ubstitution is advantageously a
sulstaifttetd o idint hta Gh twengBerzdtgde addiadr Weph ke 2ghoosen

hal_ ogen and_especially a fluori A e o@f °
| nEEEEET ey REY B Lsed TS BB ELRP S8 jama 1s0°c
espefd alh yparswehaatartt, @sshi ni2pact i(dukar 120°C + 10°C),
fluorinated surfactant such as those contained i,n thgayS

corfisusi Bi ondis oBeTsyabdPoret ukgdetie 1 29 Pand™Harke

Z0 ; | Vet boRs thNe 5ekayesaha @ ticul
pr g%g sesc%raglrlwm?ﬁtg/elénﬁ]g ?hrﬁeé%f%géé engrgy gf at 1’ll Ee)gjs:t renar
oneauwdacel df aadsd4 dpowhs chThoasheps |trexyesnyl i pgep may

be performed in a drying kiln or in an oven.

Other characteristics and advantages of the
present invention will emerge more clearly on reading
the examples below, which are given as non-limiting
illustrations, and with reference to the attached

figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of
the exfoliation of graphene.

Figure 2 shows examples of chemical
reactions creating a covalent bond between the adhesion
primer and the coating.

Figure 3 shows the ATR-IR spectrum of the
film of chemically deposited adhesion primer precursor,

40 minutes (polyaminophenylene type): before (a) and
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said surface with a hydrophobic nolecule as defined 30
previously, according to an assenbling process as
defined previously. 58 Advantageously, this process
of nodifying the surface energy conprises an
additional step, followi ng this assenbling, which
consists in subjecting said surface assenbled with
said nolecule to a heat 5 treatnment. Specifically,

this heat treatment nmakes it ossihle to t he
no8tErEatdn oFg eI sU?"FBcé’at&% r%zlbl I O\‘/“?Lnutes of

tfﬁ@%%%n&ea&éhs1hna§e|9bﬁetI ng said gr afted filmto
a tenperature that may be choosen between 60 and

180C, especi al FygboewderslgovanghesFTR-FRangpe@atrum of the

par.t. cula of, ahout ,120: @)

r’CTéIL'Lg‘I I? ofe]b bR/»e Chefnlh%o%%l}gn(?%é%glt . %grﬁégig fﬁ“er'
beb‘oeﬁl@bﬁ AOW®. and Zpdayamandphenpaehecuﬂy@xe) béiemme (a)
12 and 24 hours. This, heat treatnment s

b ,
pePPer AEFeh BlryiReiRg | Hibh FATSR éx?gﬁrowf &thsr minutes

Ch%%aﬁl%Eb§BPﬁ%a%ﬁ@nQQ%aﬁE%Q%%le the present
i nvention w energe nore clearly on reading the

exanpl es bel owFighireh @r @h@iwx‘sentla% Adh- FPRrErHg () of a

(| e o e B SAE PT N BE B THE AW R TS (Fknes .
a %%@@F@éd3ﬂdﬂﬁ@sﬁﬁéahh@&l@bl1yh®nﬁﬁaﬂednadhesﬁon primer

graphene. 25 Figure 2 shows exanpl es of chenical
r e BEECHFS O eBEF AJCAr coWRll eRE DY ﬁ@f‘\ﬁee‘ﬁun%%ce that has

AT%%I%IS 2 P ek g@qohhepm@éf ng et ELOWR 3 rieiSwi € NOBF,

ectrumof the
(1072 M) for 30 seconds in CH;CN.

Figure 6 shows IR spectra (a) of a surface
coated with a thin layer of aromatic amine, this
surface being referred to as the electrochemically
prepared adhesion primer precursor, and (b) of the same
surface that has become the adhesion primer after
treatment with NOBF, (10% M) for 30 seconds in CH;CN.

Figure 7 shows the re-diazotization in
aqueous medium (thus absence of the BF, band): (a) IR
spectrum of the precursor surface, (b) IR spectrum of
the primer surface.

Figure 8 shows the grafting of graphene
multi-flakes onto a diazotized surface. Figures 8A, 8B,
8C and 8D represent different =zones at different
magnifications.

Figure 9 shows the grafting of CNT onto a
diazotized surface. Figures 9Aa, 9B, 9C and 9D

correspond to different magnifications of the grafting
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filmof chemcally deposited adhesion priner

precursor, 30 40 m nutes (pol yam nophenyl ene type):
before (a) and 59 after (b) rinsing with water
followed by 5 mnutes of wultg@asonication in acetone.
Figure 4 shows the ATR- IR spectrumof the film of

el ectrochem cally deposited adhesion priner, 5 30 nCb
at -0.6 V (pol yam nophenyl ene type): before (a) and

after (b) rinsing with wate ollo b m nuf e of
ul ?Pgéﬁfac at F%ﬁpgﬂté%%%%nega F%%C{ﬁ'em?%s hé&rg Xt heg{) R(%O>< and
spaet pygw(a) of a surface coated with a thin |ayer of

aromatic amnes, 10 referred to as the chemcally
prepared adhesFoaupei ngéP pebeupsothsur fce SREHLBM t1IRF 2@

sane rface as one _ he j.on '

af tséllﬁglrcgat ne%&vﬁ h I\@E (1a0_2 1?;?[‘:?%# 30%3(;%@%5& n of
CHaONyahigophenyiknes tyRespet r aof ag plimesur(aceand Safter
coated with a thin | ayer of ,arogaéic amne, this

SUFFACE P8 W@tPePSIerté‘%/}Pﬁ’Sl%th “élrectrochenical |y

prepared adhesgQgupki MBA Pl@EMsSOthe@NA K D)sgdctdin  of a
same surface that has becone the adhesion priner

af serfaceeat nevrtedt h NOBR4 ( ¥0- 2 RYiMer 30 PX&SOHdEPL n of
CH3CN. 2Q _Figure-7 _sho he _re-dj.agzoLizati gn: ]

aqé’éj ?W&P%r%n@/tlﬁﬁlse a&%éncga&f %fg& B{BZ aat)aﬁgjd:n&(ﬂa)(]OI)R and
s pedtdemref ddienp el ok isiynfged difle) (MREIpdetir.um of

the prinmer surface. Figure 8 shows the ﬁ{zaftin

graphene 25 miRENIF akés GMPSa difzot eos%%‘?tf]g%‘é. of a

U, OB BF MG R L Resep g o Bt of

gr afdtliymonigfor®hydrere atype (a), and of a primer (b) and
after reaction with ethyl 4-pyridylacetate (c).

Figure 13 shows the IR spectrum of a
surface coated with a primer precursor of
polyaminophenylene type (a), of a primer (b) and after
reaction with poly- 4-vinylpyridine (P4VP) (D).

Figure 14 shows the IR spectrum of a
surface coated with a primer precursor of
polyaminophenylene type (a), a primer (b) and after
reaction with PAMAM (c).

Figure 15 shows the analysis by IR
spectrometry of gold covered microscope slide onto
which has been grafted, by radical chemical grafting,
for 180 minutes, a film of a primer precursor of
supported phenylamine type (1211081), of a primer of
supported phenyldiazonium type (1211082) and after
reaction of this primer with a hydrophobic molecule,

namely Zonyl® (1211083).
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di azoti zed surface. Figures 9A, 9B, 9C and 9D 30
correspond to different magnifications of the grafting
60 surface, respectively 80 000x, 20 000x, 50 000x
and 35 000x. Figure 10 showsstihe IR spectrumof a
surface coated with a priner precursor of 5

pol yam nophenyl ene type (a), of a prinmer (b) and after
reaction with acetylpyridine (c). Figure 11 shows the
IR spectrum of_a surface coat e

precursor of HbIVE h8pFERYiSe é?ﬁyﬁgafgfedaﬁgnggcg angle

pr i E‘f{re( %déﬁ@ndégtaﬁﬁe%rsdx%afétﬂt%n vidh #-gioyl pyr wdicee on
(4VP) (c). Figure 12 shows the IR spectrumof a
sugﬂase Jaitdsd wonho a whiicherha? ebgesorgfted a perfluoro

PeLAETLOBETYLEnS 4P il =nidoeba B 1B (Bl SHkocess

Fi geseriBeghaws pdent Rrgpest r emhfark gllaéacslo.dat etbrving
with a prinmer precursor of pol yam nophenyl ene type
(ap? 6Pn5rﬁﬂ|ner (b) and after reaction with poly-

4-vinyl pyri di nﬁléﬁ’ 4YP)1 4 b)ig th'&ﬁl@oééglsi‘ﬂﬂ\’s dfheal Rirop of

spectrum of a surface coated with a priner

pr watuegoonoh beinkarglacsh eryilden el Rigyerq d)7A)a 331d grat of a
and after reactian th P c 5
shg\f/?pt Het af&hrd sy 4 RF gﬁ%ctsr'\ﬂgrl\réeegrg?ngg %%F%O\I}gf’edbeen
g&%&%@@eaSbéiirﬁaﬂb dﬂiﬂMﬂdﬁrﬂVEﬁkﬁﬁﬂmgﬁdﬁylﬁia¢gord1ng
radi cal chemi cal % afting, for 180 m nutes, 9%
a [bol Fe PrecEsso e@Fr1§G€péPtQQlBﬁeﬁ§Faﬁlﬁglﬁyﬁg 17B) .
(1211081) of a prinmer of supported phenyl di azoni um

type (1211082) and after
DETAILED DESCRIPTION OF PARTICULAR EMBODIMENTS

The examples that follow were performed,
unless otherwise mentioned, under normal temperature
and pressure conditions (about 25°C at about 1 atm) in
ambient air. Unless otherwise mentioned, the reagents
used were obtained directly commercially, without
further purification. The reactions were performed
using 7.5 x 1.2 cm microscope slides (glass slides)
covered by evaporation under vacuum with 5 nm of
chromium and then 200 nm of gold).

No precautions were taken concerning the
composition of the atmosphere, and the solutions were

not degassed.

I - Preparation of the first surface

I-1 Preparation of the adhesion primer
precursor

I-1-1 Chemical protocol
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reaction of this prinmer with a hydrophobi ¢ nol ecul e,
30 nanely Zonyl (r) (1211083). 61 Figure 16 shows the
nmeasured contact angle (five independent measurenents)
for a drop of water on gl assegslides onto which has
been grafted a perfluoro chain derived from Zonyl (r)
according to the process 5 described in point 111-3, a
bl ank gl ass slide serving as control. Figure 17 is a

phot ogr aph of dro of . water on a bl | ass _slide
(Figure 17A) a IR aWagr dpr FRLRS ‘?efa"c%r‘?r 100550 the

sl beerenbe \Mlll%ﬂl%ﬁ‘te@eih 1qcaeaf t ethtepersdomy o1ohaign2s-
derived from Zonyl (r) according to the process

de63BPbed in point 111-3 (Figure 17B). DETAILED
DESCRI PTI ON- OF, PARTL, %’#@R EW%)L MENL 2o TG (X IRIES For 40

t hat foIIOM/mere per unl'éss otherw se

meftihoged, inndeminaursl dcﬁ([plarsﬂllng@ whdopregseves NH,-Ph-
condi tions (about 25C.at about in anblent air.
UnNEs s SeLNERRPs el Tk i’ oMed D t Bied r%a%&ﬂﬁs REr queous

OkaPBGdssiﬁ€9E Y (SQHBET ghyal drya @@tﬁﬁubf E&%EPQHllngs In

puri i"éation. The reactions were performed 20 usin
7. Sontragtcmitiler bheopradiauds @él&&@%ﬂlMﬁ%?r cé@gﬂed19

by p io under v cuun1mnth n
héﬁ%gﬁggﬁhVo *§5|6?a Bréf%u??gﬁgrﬁe?ehp W&H”b% q: in

copggl NEd heptGamoHidkeof Hilenat rTUH[d'lerﬁ';fﬁhfbd he(IR)

solutions were 25 not degassed. | - Preparation of

t hEPECEEUNs 9§ afBe| -SRR shar aPROKSER @S sifnutes of

Pri IR 1RHECYLSQhodd inl Fhgdiemscal protocol

The resistance to ultrasonication of the
layer formed was tested successfully in acetonitrile.
The infrared spectra acquired ©before and after
ultrasonication (spectra (a) and (b), zrespectively,
Figure 3) are similar and consequently indicate that
there was no loss of material and that the film is
solidly grafted.

Strips of polyvinylidene chloride (PVDF) B
(1 cm x 4 cm and 25 um thick) membranes were dipped for
120 minutes in a mixture comprising 2 ml of aqueous
NH,-Ph-NH, solution (5x10> M in 0.5 M HCl), 2 ml of
agqueous NaNO, solution (5x107* M) and 80 mg of iron
filings. In contrast with the protocol of Chem. Mater.
2007, 19, 6323-6330, the reaction is performed here at

35°C in order to obtain thicker films.

I-1-2 Electrochemical protocol
The electrochemical protocol that was used

is similar to the one described in [Chem. Mater. 2006,
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62 The finish was prepared according to the protocol
illustrated in [Chem WMater. 2007, 19, 6323- 6330]

M croscope slides were inmersed for 40 5 minutes in a
m xture conprising 2 m of agseous NH2- Ph- NH2
solution (5x10-3 Min 0.5 MHC1), 2 m of aqueous
NaNO2 solution (5xI103 M and 80 ng of iron filings. In
contrast with the protocol of Chem WMater. 2007, 19,

6323-6330, the reaction is performed here at. 35C Jn .10
or dér t67§l§f§i7ﬁ3§hi cREF £ FeREE1PRe WA arpeed:fﬁrﬁ)ed i an

spegbk¥iehebieasanplerlanalysediafingt 4Qom nuiles &ff  an
reaction, is shown in Flgure 3. The resistance to
ul elessmocheménadf sObutiayercdHIRRPTVHES e§Peddnt aqueous

successful ly i-n acetonjtrjl e . .15 .The infy-ar S tr
ac& g ﬁ?’%&oﬁlef S rf e g‘ﬁ gl g)?{etélrl}} 1lﬁ%terd§;a glr#%at [ ((r)ind ( sl\ggct 2?12&( a?aNOZ
andskh), > nespactd vely HCIFi gure 3) are sinilar and
consequently indicate that, there s po.loss o

f
material and tRBE IRPIIHITHIS CSol5HR yEHHBFt &GS Fyprormed
itné’log nef cRebyviayhidepenshlpisde (FRMEtidl ©@ixgd within

_ ~mthick) menbranes were di pped for 120 m nutes
i N theniederrorrtprisingbarniesf ofquderisdippenpHnngalt) or

sol ution, 10-3 M.i.n O 1 f..\a S
Naﬁéfe%l&%’&?m(l@?f&-ys Ki?y‘g@]gg s%fo%éagj?“e%rré’% LS a sweep
fildgn@s ofl Bocat.lsdast wWith the protocol of Chem WMater.

2007, 19, 6323-6330, the reaction is perforned here at
35C in order t3hgbiR rRastdEerck i’i‘l'l‘%fﬁl‘i% Zggtameg before

El ectyo L C - T ica
S SPLSEAD ol psbaceh Tl el pecirn (2
desard b@d ,i nnd P ingiter FRXPOss 4) are similar. There was

therefore no 1loss of matter, and the £film that was

formed is solidly grafted.

I-2 Formation of the adhesion primer

The substrates coated with the finish
(chemical and electrochemical), obtained in I-1, may be
treated in organic medium or in agqueous medium to

create a diazonium function.

I-2-1 Organic medium

The surfaces coated with  the finish
(aromatic amine form of chemical or electrochemical
origin) were immersed in an acetonitrile solution
containing NOBF, (10°% M) for 30 seconds. During this
step, the NOBF, concentration does not need to be
precise, since there is always an excess relative to

the amine functions present at the surface.
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63 18, 4755-4763]. The reaction was perforned in an
el ectrochem cal cell containing 10 mM of an

el ectrochem cal solution corresponding to an agueous
sol ution of 1,4-phenyl enedi angme (10-2 M and NaNO2 5
(5x10-3 M in 0.5 MHCL. The deposition of the filns
was performed potentiostatically (the chosen

potential being within the electroactivity barrier of

the di azonium salt)_or ot entiodynam cal |y .(cycli
vol tammetry) wi iR af SR Orioorfatgh%f %Zﬁ%‘lém}l/ S?’EES was
| R gpecty & hheikbhas Rt aineds bed osgecandmatter a peak

ul trasoni cation in acetonitrile (spectra (a) and (b),
r espe @A Mel g Ficgure sPPrnaiadsita | Bre Fhepenyag and & peak

t her ef no -ho f d.the fj] VIS, -
foraﬁe&%l%s sot i d?§%?8§?@§%?- ZQF&%%atc{déjrﬁ(ﬁﬂaﬁne h gépear
adBesi N1kt retedheis ulisitguatees Scofived av tii litheofi n¢lsgmical

(chem cal and el ectrochem cal,), obt ai6ned in 1-1, g{ﬂ of
be 0r3@ify eat 8ali h) or gt medidhr Pn abeoud neditaf

t 0 1 RaterRrdiazonypifunatijon,) 1-2-1 Organi ¢ nedi um
The surfaces coated wi'th the finish 25 (aromatic
ani ne form of Ehenirealctdone pestfiosainshi dal EXap kg n}-2-1 may

were i mrersed.in an,acetanjtri sqluti [\ .
NOBI4 1RGS2 S b > BGEEE6H &31.3) %jlr %r%l glé tf{ri:)iris:L o%g{?l ptn&tnﬁ%r'
NOBF4 concentrati on does not need to be precise,

since ther s aQogxcess relatife @ A=kbe.

ami ne functY ons_presént at ‘the surface. 6X he

formati on of the di azonium salts was

In organic medium

I-2-2 Aqueous medium

The surfaces coated with the finish were
immersed in an agueous solution of 0.5 M HCL and
5x1072 M NaNO,. During this step, the NaNO, concentration
does not need to be precise, since there is always an
excess relative to the amine functions present at the
surface.

The formation of the diazonium salts was
able to be monitored by IR spectrometry: a peak at
2270 cm™! corresponding to the diazonium as illustrated
in Figure 7. The reaction performed in Example I-2-2
may be represented schematically in the following

manner:

@—NHZ + NaNO, + HCl ——> |—-< >—r;lEN,CI-

In aqueous medium
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able to be nonitored by infrared spectronetry: a peak
at 2270 cm 1 corresponding to the diazonium and a peak
at 1080 cm 1 corresponding to its counterion BF4-
appear 5 as illustrated in Figsire 5 for a film of
chemcal origin (I-1-1), and Figure 6 for a film of

el ectrochem cal origin (1-1-2). The reaction perforned

in Exanple I-2-1 may be represented schematically in
the foll owi ng manner; N=-
su

( 10 / \ NH2 + NOBF4. /[ \ F, -

I'n organic ned?U%y15SE¥59§uﬁhﬂgous°E£§iﬁﬁFThe A fites ©F
coagggtgkh?nghe finish were imersed in an aqueous
solUtion o .5 MHC1L and 5X10-2 M NaNQ2. During this
step, the NaNCRowenceht rtdtd osurdesssnopbhaénetlo pter the

preci se, since there is al ' ;
o CERBLARPRE ARTE S pbanrodfafp AR s SR wien
f opmehh o1 . ofTHd e mdis®z 0Ds UM althe WAsrmabdb® o peass plate

moni tored by IR spectronetry: a peak at 2270 cm-1
coRi&bpanarhd ced lhe taPaESA uMiE | PRusPPaEBg ZBSFal- The

R s R e i e e

NHA s+ NaiNERI +di@ct N, Dh- cB0tpatagudbushfe R Eimested -gell-

S LAGLULA0 9L Lhe Ul phe Ofsodiielf LGSR o ov
irradiation under a UV lamp (spectrum 300-500 nm) for a
few minutes.

The appearance of “patterning” on the
surface of the support containing “dead” parts and of
activated self-adhesive spots was able to be revealed
by IR spectrometry mapping, with the appearance of a
peak at 2270 cm™l! for the zones protected with a mask,
and disappearance of the peak at 2270 cmt for the UV-
irradiated zones.

Certain surfaces of gold slides are covered
with a mask made using a marker such as those sold in
stationery shops. After the treatments described in
paragraph I-2, the appearance of ‘“patterning” at the
surface of the support containing bare parts and of
activated self-adhesive spots was able to be revealed
by IR spectrometry mapping, with the appearance of a
peak at 2270 cm! for the zones not protected with the
mask, and disappearance of the peak at 2270 cm™t for the

zones covered with markers.

II - Assembly/Immobilization

IT-1 Immobilization of mineral materials
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treatnments described in paragraph 1-2 are covered with
5 a mask. The mask is in the formof a glass plate
lithographically treated with an opaque netal. The
surface bearing the |ithograpéécal |y produced patterns
is placed directly in contact wwth the activated cell -
adhesi ve | ayer and the assenbly was subjected to UV 10
irradi ati on under a WV |lanp (spectrum 300-500 nm for

a few mnutes,_The. appeayance, of "patterning’ e
surface of theIﬁagb%r?gﬁgé?%?nP%gex§%%ﬁ§£ﬁ%?t%fgﬁ%ﬁgf

activated sel f padheséve spot®PES (abkaihedberremeadehnced
15 by IR spectronmetry mappi ng, with the appearance of ,
a Cpramigs 0quperationor Z¥Fe FHRER: prct ett dd wikt I M 11

ma a [ earance t VA f
8 *MppRRSUENE Ryt B FAD 5Py o
sl mMeled cif estovermd si20 el thaa paskednder usongaat narikdr the

h as th ld in  stati hops. After_th
C SHrABReS AGLERLBEd | A5 pEFABPAbR 1000 b dpReaTdFRe OF

of pelafler nonNY" Ala the saFf aGRs0f ekBetegppaiding a drill
containing bare parts and of activated self-adhesive
sporesEasy ks eand oo el R5WEY PRagekt Fondfr pven at
mappiRg. M.t h th earance of a peak at 2270 cm 1
foﬁ%toh%’ zfgr]fetsamr?o o%%gt ected wth the nask, and

di sappear ance aftthe thaak tateaZiéhtomtile foraptene zhlhwlse of

d with markers. 30 II. - Assenbl y/| i zat | |
7 e G IHORE SR SRatari s Rt 84! jflesion

(Gga?ll%@c By &daded | OhOfgH R Bl ek ds HOPthickness of
obt a

I'ned from Advanced ram cs Corporation, ZYH
gr adeutl25& h,x L.em amount 150 graphene flakes (Figure

8B) .

The exact characterization of the mono-
flake requires a Raman analysis that is difficult to
perform on certain zones that appear diffuse (Figures
8C and 8D): a number of flakes of 1less than 20 is
definitely obtained. The block of grafted HOPG

withstood ultrasonication (Figure 8A).

II-1-2 Carbone nanotubes (CNT)

Multi-wall carbon nanotubes (MWCNTs) with
an outside diameter of between 4 and 15 nm (synthesized
by CCVD, very pure, sold by the company Nanocyl) were
added at a rate of 0.3 mg/ml to N-methylpyrrolidone and
then exposed to ultrasonication for 6 hours to give a
stable dispersion.

Centrifugation at 7000 rpm allowed
separation of the poorly dispersed CNTs. 10 ml of

supernatant were taken, and a gold covered microscope
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si ze) deposited on an adhesive tape (sold by 3M
Scotch 5 Magic" 810 invisible) was placed in contact
with the surfaces obtained in Exanples 1-2. A
pressure, of between 0.1 ands10 bar, was exerted,
using a drill press vice and the assenbly was placed
in an oven at 100C for one hour. 10 After this
treatment, the graphene flake of the block of HOPG

directly in contact with.the adhesi ' ' _
or SELEA! PREDAFaRL BECHFELRINES ATACERT0ds i "ahmersed

50tRBYeine. BBOURE;LBOoAr aphenay f lvakesndmtgiireed 8BE. 100°C
15 The exact characterization of the nono- fl ake

r eyibhesstil 1Reimen aRlresi S hagurs, dithei o3l $dg owas removed
perfarmaon certain t e LEFu '
SRty T3nkaoshoRpieh1R.yBER REnthby 3Ry SLOkLEE.
definitely obtahseduribeebl attuoftgeate¢@dweiPGan2lysed by
wi t hst ood ul trasoni catioon (Figure 8A). 11-1-2 r bone
naf6EBeEI( CAHGCIMPR | TWEHOSCRPGN haR ot gfit of

W bR afh, Qtsddle i@ Bt fLr Kt bREWBER1428RGndS UM shown in
(synthesized 25 by CCVD, very puare, sold by the

coffpgnyeNaldcy PR, w8Ceaaddé@®@.at a rate of 0.3 ng/nl to

N- et hyl pyrrolidone and then exposed to

ultrasonication for 6 hours to give a stable

di spersi on. CentrifBgabpperaharkbplrtpalakl owed 30
separation of the poorly dispersed CNTs. 10 m of

super nat ant weFePP8Ken, = B3FCRAFSIELESver ed"Hi%r os dpRPared

67 5ol i8ngPr ERAT egl}ﬁcc%roq.il'&ritr@ Prpfeot: 1- 20 WaS  beaker

I mrerse her el n. e reaction nmedi um was nmai nt ai ned

at cod®Eindingh 50i rmilngof Afagued®s hdins. t Relstige waa50 mg

rer(rl'%\é%(z-SHzo, copper sulfate pentahydrate, in 50 ml of
deionized water), were added 2 g of surfactant HEA;(Cl
[N, N-diméthyl-N-cetyl-N- (2-hydroxyethyl)ammonium
chloride] with magnetic stirring for several minutes
(typically from 2 to 10 minutes). Next, 2 ml of an
NaBH, solution were introduced into the beaker. The
NaBH, solution was prepared by dissolving 150 mg of
NaBH, in 2 ml of deionized water. Stirring was stopped
when a blue-black coloration appeared (typically 1 to 5
minutes). The solution then turned a red-black colour
in 5 to 10 minutes.

The surface coated with the diazonium salts

was then dipped in the solution, typically for between
5 and 30 seconds. Longer times allowed more complete
covering. The samples were then rinsed with deionized

water. Blank reference surfaces simply coated with

polyphenyleneamine were also soaked under the same
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and then rinsed thoroughly with ethanol and acetone. 5

The surfaces thus treated were anal ysed by scanning

el ectron m croscopy: the uniformdeposit of CNT

observed at different magnifieations is shown in

Figures 9A, 9B, 9C and 9D. 10 11-1-3 Copper

nanoparticl es Copper nanoparticles were prepared

according to the follomﬁng manner : to a beaker

containing 50 mM of aqueous_CuSO4 s utlon (250 .

GBI IBBEN o ope P AatD beRt AR S0°REDGFon ©f

&' Ef&%‘c ARinzed rakakk, onebe tadded sdrgaekssur fact ant

[N, N-di net hyl - Rheet yinagg2- hpdr oxye $y| ) FdwaRiigm surfaces

chl gri Wi AN S g f '

(CyBredrr PO g ikt Meffuety, Tt tne

Na Bhi4 seolcét iodh deerde iitnita cdyged: iotly tdre eaksurfade Q@ated

NaBH4 solutlon was repar d by di soIV|n 13% ng of

NaBRFD nthen ARz Yat ef Stﬁl?’f Best bpprience

when, & shlue- bl ack coloratlon appear ed (typlcally lto
mnutes) . The solution then turned a red-black

colour in 5 to 10 mnutes. 25 The surface coated wth

the di azonium $3L5° ruii@p:1380:46RP8% LBGLAECSBibbAlas

typically for DEtweén seconds onger TI nmes

al | owed nore caapketle cogempe. Theosgaphes wer eohpeunds :

rinsed with deionized water. Blank r rence s
i YRS AR 0O P e I, Gy 3y acetate

soaked under thg 3aR88 cORdLLI 0BSMbeigYakuUake tHAGhesion
spont aneous adsorption of the nanoparticleS onto

t hesd meur fracgsmrethe domyeding thethe vRrdbososar paeesned in
ob%gjneqﬂgxeﬁﬁgﬁplng el ectron mcroscopy reveal ed the

The samples were immersed for 3 minutes in
a solution of acetylpyridine, 4-vinylpyridine or ethyl
4-pyridylacetate. After rinsing with dimethylformamide
(DMF) and exposure to ultrasound, the surfaces were
analysed by IR spectrometry: the spectra are presented
in Figures 10 (acetylpyridine), 11 (4-vinylpyridine)
and 12 (ethyl 4-pyridylacetate).

The reaction performed in Example II.Z2.1

with 4-vinylpyridine is probably as follows:

\ \
F@ o= )
4VP "

II-2-2 Polymer: Poly-4-vinylpyridine
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5 presence of dendritic copper only on the surface

coated with the diazoniumsalts, and not on the

reference surfaces. 11-2 Immobilization of organic
conpounds 10 I1-2-1 Sinple organi c conpounds:

acetyl pyridine, 4-vinylpyridine, ethyl

4-pyri dyl acetate M croscope slides conprising an
adhesi on priner prepared, according to the protocols
outlined in 1-2, were used,,15 The sanples were dhes]

i mersed for 3MHFREEEEPFn SHIAGP utTYRPHESINg & adhesion
acetyhBYr i dire@arddViaRHorWing R® @heetdWdtocols outlined in
4-pyridylacetate. After rinsing with dinethylformm de

( DVFR, angrexjgsesdre to ul trasound, the surfaces were

anal ysed by IR CLI gk : pe r e

20 in Figures §§E§a%e?$ﬁg%¥¥6?§g?§ 1§§5@P? S XY Kl ved
(4+tvi nyl progbme)on amd 12%( éhyimadspyindyd beettay jormamide
The reaction performed in Exanple 11.2.1 wth .
4- P pyrd Rl §ES p%%%\bfjerBg?F&PPomibezémfl'\osﬁﬁ’?F sSlide
N jual AR -1 22 Py ErcoRAY - dndi Byl ByEldia@h6%he PAVP
M croscope slides conprising an adhesion primer,

pr epdned oac c Girdinmg ndo athe Pt sroR Vithikns Pen -pinute)
were used. PRol y-4-vinyl pyridine (P4 ' eg:

5 15T %o Qﬁ%wW%k Aﬂﬁ/éﬁéﬁ?é%?2ﬁ%®?ﬁ§?g%?%§%¥d€lhn of
( D) .0 sGHi viee §08€dt i Spepskaniohhe tiec radsicEperasd | dénsed

was placed on a spin coater and covered with the P4VP
and exposed to ultrasound in DMF.

The reaction performed in Example II.2.2 is

is probably as follows:

S

J/
@ ~ —

7 P4VP

N

Figure 13 shows the IR spectra obtained for
the primer surface (a) and the surface coated with P4VP
(b) . The characteristic peaks of the pyridine rings are

present at about 1400 and 1600 cm™.

II-2-3 Dendrimers: PAMAM
Microscope slides comprising an adhesion
primer, prepared according to the protocols outlined in

I-2, were used.

PAMAM (Sigma-Aldrich) of formula:
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solution. Spinning at 2000 rpm (revol uti ons per
mnute) for one mnute nakes it possible to forma
thin filmof 10 PAVP. 5 minutes after deposition, the
slide was rinsed and exposed7po ultrasound in DW.
The reaction perfornmed in Exanple 11.2.2 is 1is
probably as follows: 15 N2+ + NJ N P4VP N N 'IIIl 20

Figure 13 shows the IR spectra obtained for the

primer surface (a) and the syrface coated with PAVP
(b). The characterlstlc“peaks oy the pyridine rings

are present at about 14 d,»600.cm1. 25 11-2-3
Dendri nmers: PAMAM M cr oscoge sl } conpri sing an
adhesi on prlﬂqr prepar ed ‘@accgtding to the protocols
outlined in 2 mere usetty 30 PAMAM (Si gma- Al drich)
of fornmula: m%@« ~ 0 nN"was di ssolved to a
proportion of 5@6 nass by di met hyl fewnan1de ( DVF)
to achi eve ,good di on The nlogbscope slides
wer e placed ot gln co cﬁ?@rﬁﬂ with the
PAMAM sol uti o Spi nni n 00 rpm
..JJ g— ¢ \....\
0?_j‘ NNy
I ,,,f . i L
w—’"“’fﬁo z_lr o
>Ny

was dissolved to a proportion of 5% by mass
in dimethylformamide (DMF) to achieve good dispersion.
The microscope slides were placed on a spin coater and
covered with the PAMAM solution. Spinning at 2000 rpm
for one minute made it possible to form a thin film of
PAMAM. 5 minutes after deposition, the slide was rinsed
with HCl solution (0.5 M), with DMF and then with
acetone.

On the IR spectra acquired after the
reaction on the slides, the characteristic peaks of
PAMAM may be seen: at about 3200 cm™! for the amines and

1670 cm™! for the amide functions (Figure 14).

II-3 Immobilization of biological molecules

II-3-1 Study of the stability over time

Microscope slides covered with a thin layer
of gold about 100 nm thick were prepared by performing
the treatment steps described in paragraphs I-1-1 (or

I-1-2), I-2-2 and I-3. The slides thus treated will be
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for one mnute nmade it possible to forma thin film of
PAMAM 5 m nutes after deposition, the slide was
rinsed wth HCl solution (0.5 M, with DVF and then
with acetone. 10 On the IR spectra acquired after the
reaction on the slides, the characteristic peaks of
PAMAM may be seen: at about 3200 cm -1 for the am nes
and 1670 cm 1 for the am de functions (Figure 14).

15 1 I zat.i on of bi ol ogi.cal ecul
S i85 aFengos B e Be 1e AR | T LS Bs GhF G Sits Conted
CoyREada b@tiv&ﬁbﬂ Layeraahegokd abQui-~100 nmthick
were prepared bg performng the treatnment steps
a

described in pEhagrabides - Werg oimmegsed] i, pH 27 Mi111Q

?n% 1.3 Eﬂf éﬁégeieﬁggﬁdtﬁﬁﬁﬁfdt lEo?ﬁtZ&n &f i fbrent
0 er €i n oW as es (or surfaces) coat eg wth
an tdelkisv alrell Gaelda adhiesse esl agles” weThe thlendesiadgrsed by IR

imrersed in pH7 MIIi wat er d the noyve rom
th§P§6It6f’F“8?’ert ity elrrgrﬂns%t}fﬁ?gs %dgﬁ?geat %r?ifgge cm™ as
sl idegnwerent Ben tanel weed day ehiRizRect ronetry. The
intensity of the band at 2270 cm-1 as a function of

tinme was determ ned. 11-3-2 Immobilization of an

unpr ot ect ed ar {i T
GPGOWGP ( SEQ HHr-pes M&’E%z%é%%gngg% ! ﬁ?ﬁ%’*‘éﬁ%‘”ted

|n1h.bﬁaapwmdme)t1\¢a@@wﬂidee5| zed wusing the 0.1 mmuol
Foc Straleny. oh preloaded GESERE| 350l G W0Mdn ene
gglt n%'_eonomét%%ﬁy ?‘{)@gkﬁﬁ{g{i?aﬁégé%?é}ghﬁgm BPnthesized
10-1fsoij; extkss Wwi.tlh HBWYL( ORwerezot EaabeayN, NAN | Rreloaded
commercial Fmoc-Gly-Wang resin (0.5 g, 0.8 mmol/g) is
placed in the automatic peptidé synthesizer reactor.
The amino acids N*-Fmoc (Gly, Pro and Val) are used in
a 10-fold excess with HBTU (O-benzotriazole-N,N,N’, N’-
tétraméthyl-uronium-hexafluoro-phosphate) in the
presence of HOBT (N-hydroxybenzotriazole) and DIEA (N,
-diisopropyldiethylamine) for 16 hours. 0.368 g of
resin-bound peptide, which is deprotected at the N-spot
end, is obtained.

The peptide is cleaved from the resin by
means of a TFA/H,0/TIS (trifluoroacetic
acid/water/triisopropylesilane) solution (92 : 2.5
2.5) for 3 hours at room temperature. The resin is
removed by filtration and is washed with TFA (2 x 1 mL)
and dichloromethane (10 mL). The filtrate is evaporated
under reduced pressure and then taken up in cold
diethyl ether. After 12 hours at -20°C, a precipitate

(100 mg) is isolated and collected after filtration.
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t etranet hyl - ur oni um hexaf | uor o- phosphate) in the
presence of HOST (N hydroxybenzotriazole) and DI EA (N,
20 N -diisopropyl diethylam ne) for 16 hours. 0.368 g
of resin-bound peptide, which2is deprotected at the
N-spot end, is obtained. The peptide is cleaved from
the resin by neans of a TFA/H20/TIS (trifl uoroacetic
25 acid/water/triisopropylesilane) solution (92 2.5 .

2.5) . for 3 hours at roomtenperature. resin is
R mp i P eB ek g C i dnd Sqgraphy .
Mo .8negdoghbarenpehenae( d@enbbraihedtiltrate is

evaporat ed under reduced pressure and then taken up

in cold 30 di eRhyingetfer .thifs ePePEifsur ¥ege -@pesogved in
precipi tat ( ng), i S | at l:lec s Ler

fi I%t'rsa i on.Sf7261\Q§?t elr3 p%ri fg“lsgat]i?%nacg%/ %%elgar%tslgblgithgere
chdepaisagredply, thi®eb dirf fefraur esgpapie sie @ ea oo hd neovered
2 mg of this peptide were dissolved jn 1..3 nmL _of civated
DVBBCTPSEOPE0 DI t Af's 3ot UtTonCHRTES Bih8ndt 12 HRAEe

t hieq rdixlfiei8rte SBNRLLS: 2R dndd JsGP¥REEU CBagedSGath the
slide, on a slide coated with an acti vat ed

sel"deadhesivar ayBre @AHOBAtACBURSC Pda@edni W HRRE any
"dead l.ayer”. The depositio p ned, W Lhoute anyst
pa|p 'r§d1%ﬁ r écau ?ﬁ%&%’ndggﬁaggo%&;@{mer aq%%e. A?'ter =*
10 reeratiioon for 10 winutes, the tthree suppmotts amee rinsed
rinsed wth DMSO and then subjected to_washing .under

sonfiddt i oRMSPIVEE™S ni REBs/ THRIFSISH ni Rt edAiHING Under

Vel i é@i%gf:?s- MERE SUr fidegtek /EReahbiee2suppALtSs/Mi11iQ
were then dried under N2. The three supports are

anatarsed ynirSitidd spiue rowefage Thethppehranc8uppoxrts were
?ﬁggggii 61%%%5% ?g(éfﬁ‘¥Lé)tﬁ¥éér@hﬁﬁ%&%éta£8”9££§&98d by
IR spectrometry. The appearance of a band at 1670 cm™t
(Amide I) on the support comprising the activated self-
adhesive layer confirms the presence and covalent
grafting of the peptide GPGGVVGP at the surface. The
1670 cm? band specific for the peptide was not found on
the gold support or on the “dead layer” support. These
results confirm the covalent grafting of the peptide

with the self-adhesive layer.

II-3-3 Immobilization of a semi-protected
synthetic cyclic peptide
Semi-protected CBO-P1ll (SEQ ID NO: 2 in the

sequence listing given in the appendix) of formula:
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adhesi ve layer confirms the presence and coval ent

grafting of the peptide GPGGVWGEP at the surface. The

1670 cm 1 band specific for the peptide was not found

on 20 the gold support or on the "dead | ayer" support.
These results confirmthe covalent grafting of the
peptide wth the self-adhesive |ayer. 11-3-3

| mobi | i zation of a semi-protected 25 synthetic

cyclic peptide Sem -protected CBC)PII (SEQID NO 2 in
the sequemge IisP Ng Bbowen TiinTighe & p d|x) of

formula: 73 T[t Ef B t Tr Trt

e- PPBher-ﬂnébMﬁtAm-&e EYSePFETW%G'Pr%Y-ﬁI“sH'é;"?ﬁ'YcﬂV TPl COOH
is-11e-Gy-du-(CH2)z COOH cyclo-VEA was
synt hesiZzed according to the nethod described In

[ Goncal ves et al., 2005. RRepomasuti cal Research

vol. 22, No. 8, pp. 1411-1421]. 5 This sem -protected
synthetic cycl was pephiteswasddi sscbvéingn DMECE{e ngethod

in3 nL 3 X f thls sol t|o oSi t
qgﬁqgngﬁffBreﬁ%rgﬁﬁp gbl VergggrmECSUtlcal

m HING, shidde, 220N @ Slg d%;ﬁoa_tz;qd.-mtzh]t he
activat ed sel f-adhesive 10 | ayer, and on a surface ,
coated with th8higead $epbrprotapeedeposiviitdietibss cvclic

per f W t hou ti.cul rec | a t
rogr%pttgﬁgeer gttr eél%]% ‘peaé eéLglt |%?1S Po(fi aggmo%ﬁt gs%ﬂ

t hroe® suppost s ehesri Bs@dtwbhh BeB@ almbdadigred on  three
subj ected to washi ng under sonj cation: O 15 2 .

i Rlicsmenta BAmDL o U PBe AMATID e R R EEoPT gL ide
surfpce of1tRE tBESEGURPOFL S dife t hRt idkited UBdeE -BMahesive
The three supports are anal ysed by IR spectronetr
Thélaygppeaamaicenofa bswdiace ¢esbedmwithy ,c\?rﬁeue“cﬁ?a%naayer"-
at

The deposition was performed without any particular
precautions, and at room temperature. After reaction
for 10 minutes, the three supports are rinsed with DMSO
and then subjected to washing under sonication: DMSO
2 minutes/ethanol 2 minutes/MilliQ water 2 minutes. The
surface of the three supports is then dried under N;.
The three supports are analysed by IR spectrometry. The
appearance of bands at 1666 cm? (Amide I) and at
1534 cm’? (Amide II) on the support comprising the
activated self-adhesive layer confirms the presence and
covalent grafting of the semi-protected cyclic peptide
at the surface.

The bands at 1666 cm™® (Amide I) and at
1534 cm® (Amide II) specific for the peptide were found
on the gold support and on the "“dead layer” support
with an intensity comparable to 10% of that measured on
the support comprising the activated self-adhesive

layer. This is due to the non-specific adsorption of



1534 cm1 (Amide Il) on the support conprising the 20
activated sel f-adhesive | ayer confirnms the presence
and covalent grafting of the sem -protected cyclic
peptide at the surface. The pbands at 1666 cm 1 (Am de
) and at 1534 cm1 (Amide Il) specific for the
peptide were found 25 on the gold support and on the
"dead layer" support with an intensity conparable to

10% of that neasured.on the su Lt conmprisin
acFP@at%ﬂ“#é@?ggﬁﬁg§@véamﬂd§brngﬁ%éei§adué§¥%g§ﬁggace of
nopnhgReci fdig pti@Reof peptrildee seatopbeiiecodtio these

cyclic peptide at the surface of these supports, The
pepubperads oEe PO nTemeYiesd ebys IPFEEyd ngay-ise $efbiygnental

by nodi.f yi t envi i ¢ o
o) RS LR, LB R o] R 84y smasmicy.
5 t hes@ekesyl ttheke | ndeeatitsono rinddmd covabénn tdeafedyglent

of the peptide with the self-adhesive.l a . .11-3-4

| EBBHCAER Pon tHE ZREGFoFAE e d o PR GEORoE I darer
peptide 10 CBO P11 (Cal bi ochem of formula: cyclic(D
Phe-Pro-dn-1le-Met-Arg-1le-Lys-Pro-Hs-An-dy-dn-
His-11e-Gy-G GE-BSEQ Iomebilizaticme fquete PRRYPHGCted

given.n.t.he a di q@ﬁ di ssolved in MIIiQ water
(1%%&9“?t§an Faggkpé%ﬁ'p of this solution were 15
10 deposi ted on t keeerdif f ereIbiceamphesoforf@mula: cyclic(D-

gol d-covered mi_croscope slide, on _a surfa t
B PR - A e e 8 T Sy iy C1n-

eSS LRE Soad| S <olondgpench eaarias
at giomm 20nt eiper apperdinf t evsr cdb3s@hvedr 100 M hit@swater
the three , supporis arg figsed.i t9eM LhiQ vabebeaBd  vere
15 deposited on three different samples: on a gold-covered
microscope slide, on a surface coated with the
activated self-adhesive layer, and on a surface coated
with the “dead 1layer”. The deposition was performed
without any particular precautions, and at room
20 temperature. After reaction for 10 minutes, the three
supports are rinsed with MilliQ water and then
subjected to washing under sonication in MilliQ water
for 2 minutes. The surface of the three supports is
then dried under N,. The three supports are analysed by
25 IR spectrometry.

The appearance of bands at 1662 cm? (Amide
I) and at 1514 cm’ (Amide II) on the support comprising
the activated self-adhesive layer confirms the presence
and covalent grafting of the cyclic peptide (D-Phe-Pro-

30 Gln-Ile-Met-Arg-Ile-Lys-Pro-His-Gln-Gly-Gln-His-Ile-
Gly-Glu) (SEQ ID NO: 3 in the sequence listing given in
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subj ected to washi ng under sonication in MIIliQ water
for 2 mnutes. The surface of the three supports is
then dried under N2. The three supports are anal ysed
by 25 IR spectronetry. The appearance of bands at
1662 cm1 (Amde 1[|) and at 1514 cm-1 (Amde I1) on
the support conprising the activated sel f-adhesive

| ayer confirms the presence and coval ent grafting of

the cyclic ti de (O.Phe-Pra_30 -1
G PP AR, | LR LYAS pPO-EreSa g y PP 3C | €S2 o
G Yafhidp @SEQAD MNO 181kncinile geeiEBNCET) i sbeRgfgbveédr the
in 75 the appendix) to the surface. The bands at 1662
?npfpteﬂm‘ #erp) fangdarm she Galf CARRREY 3G RRihe “dead
o " up i 1 d (0] d

| aebAE: PSRRI A RS poLCopPRBAL 881 o0 ox
comnpatamengurekDOonf thet mippeds ucedpohsihg $igpaativated

conprising the activated | f;ad [ I ._This is. ..
R R R L M R L P T

supiacepefichh&suERELbs1 athaRepihfaddserbatheond@pports.
t hese supports nmay be renoved by nodifying the

ena';‘meomi@e esrintiesh N It ROEMTTWPRIR & enaie dvunf emoved
n . . . . i
angor, ddS AAld AL h9IRYRhentDES R LRS, d%dN U8Ry o

i Fm ¢ ent gr I'ng of the pepti
seldheaditesiue dmyosr 1its3shlbinmnli.| iHostever ,ofthese results

nonoani no- p- 15 cycl odextri n Monpam nqQ-p-cycl xtrin ..
wa§ios yiitdaed AP HEr ofBE nGoVa-ERE lg,r&%g&&gé c{fggﬁbeiﬁ Reptide
al 11 120Qhe Le1AMy ane@G veCeRler Vol . 123 (50),

12488-12494]. 2 ng of nono- "am no-p-cycl odextrin were

dissolved in 2 m of MIIiQ 20 water. 3 x 200 pL of
i 321100 4B1 98P s g €144 " Bbnounine -
cyclodextrin
Monoamino-p-cyclodextrin was synthesized
according to the procedure [Baugh et al., 2001. J. Am.
Soc. Chem., vol. 123 (50), 12488-12494]. 2 mg of mono-
amino-fB-cyclodextrin were dissolved in 2 ml of MilliQ
water. 3 x 200 pL of this solution were deposited on
three different samples: on a gold-covered microscope
slide, on a surface coated with the activated self-
adhesive layer and on a surface coated with the “dead
layer”. The deposition was performed without any
particular precautions, and at room temperature. After
reaction for 10 minutes, the three supports are rinsed
with MilliQ water and then subjected to washing under
sonication: MilliQ water 2 minutes/ethanol
2 minutes/MilliQ water 2 minutes. The surface of the
three supports is then dried under N,. The three

supports are analysed by IR spectrometry.
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slide, on a surface coated with the activated self-
adhesi ve | ayer and on a surface coated wth the "dead

| ayer". The deposition was perforned wthout any 25
particul ar precautions, and ateroomtenperature. After
reaction for 10 mnutes, the three supports are rinsed
wth MITiQ water and then subjected to washi ng under
spnicatiﬁri MIliQwater 2 mnutes/ethanol 2

m nut es liQwater 2 minutes,. The .surfa f ot 30
three supportsii€ PRBR2*HFIEYD ﬁﬁdgﬁnﬁﬁ.a$héﬁﬁ Weéﬁ%3’ 2037
suppar t: Ar ecartal s ednBy duppaect ¢ometiying6théheactivated
appear ance of bands at 1023, 1153, 2037 and 3321 cm1
onsSehé -sdppsivecdatsi ¢ HanscE NG aPEGSCREPT Aagh&gYAlent

| i '
ngﬁ%EfEQngrgf t4§h§§ﬁ¥ﬁ§2§i§¥é§éaé A 29 b NG Birace.

oam no=p- cycl rern surface. 5 The bands
at Th@2Bantis53t 2023 ,and5332206M Arspasizfli enf brspecific for

(3-cycl odextrin were not faund on t ol t
o B~ EHE oRET1 2y B = Ao P unfat ES TS GO oF on
thepccovalbeat 1gHyafid ngu@Fo%ﬁnoaﬁE@Qe(3%ﬁﬁﬂhﬂﬂe&bﬁfmrm the

with the self-adhesive layer. 10 11-3-6 ‘ ,
| meobviallienst igxe BFimMINACE oWoREREA BPa P - R¥FgRECESIABN with the

sperm.D ElL uk s dissolved in MITiQwater (1
insquegéhe N %Y%%'of this solution were deposi(tegg
on three 15 different sanples: on a gol d-covered

m croscope slide,  on_a surface coateg i.th the

acti vat ed selflédﬁé§i§@m°gé§éFa5ﬁ8noﬂ a’Sfirf ace coat ed

with the "dead;lgyemolectiideppsifhen wasmper f afigeeh  DNa
wi t hout any particular precautions, and at room

t enfFangtalr evaAf dessoduedi an 20 ¥loiQ 1vakeRut(és ma Hgr 3 ml) .

t hr j i, t. .
3e(=3‘{ Sz%pop%rﬂ So%r etlg:{.sns%%lvl\fttllgn were deposited on three

different samples: on a gold-covered microscope slide,
on a surface coated with the activated self-adhesive
layer and on a surface coated with the “dead layer”.
The deposition was performed without any particular
precautions, and at room temperature. After reaction
for 10 minutes, the three supports are rinsed with
MilliQ water and then subjected to washing under
sonication: Mi1l1liQ water 2 minutes/ethanol
2 minutes/MilliQ water 2 minutes. The surface of the
three supports was then dried under N,. The three
supports are analysed by IR spectrometry.

The appearance of bands at 1226 cm? and at
1080 cm! on the support comprising the activated self-
adhesive layer confirms the presence and covalent
grafting of DNA at the surface. The bands at 1226 cm™
and at 1080 cm' specific for DNA were not found on the

gold support or on the “dead Ilayer” support. These
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MI1TiQ water and then subjected to washing under
sonication: MIliQwater 2 m nutes/ethanol 2
mnutes/ MI1iQwater 2 mnutes. The surface of the
three supports was then dried7under N2. The three 25
supports are anal ysed by IR spectronetry. The
appearance of bands at 1226 cm1l and at 1080 cm 1l on
fhe suppo;t coanising the activated sel f- adhesive
er con irns_t he p esence_and_cova f
S 1PRe SORTLEE. Tho Dureion: PEactane. 158, TS By e
10§glgnhahggggbfqg £er DNA were not found on the gold
support or on the dead | ayer" support. These 77
refgltzhconfirn1the coval ent grafting of DNA by the
se adhesi ve yer hhi @t i I
oxi dase on 5 gfgg | d- éégggél%?gggg%oég éﬁudyéé%ﬁﬁ§§§%e on
?ibdg&&dégb%f?dAgdbmgggopasslddssolved in MI1iQ water
ng in X L of this lutio
deposi ted on tﬁ?@@oﬁﬁffergﬁ?da§§npleigl%%a ah1dFLEn)

gob%s%QM%%Qﬂnﬂi@&ﬁﬁyi Quaddrde Qﬂ1&h1Q33MEfaC£ 020 ®duL of
the activated sel f-adhesive layer and on a

surthdee coelwdiont hwelie " derPIEiRG " . OFhe thF&Sosi €1 bRerent
mas perf or nmed “‘tho%%&??%o@%&%hcuﬁﬁEr?QFSQ%Ut59936 angn a

r}\ érrpéjpat ure reacti on m nut es

th%dﬂfraez% SepPoEd s watd rimsedcwitvhtas Mdllﬁ-@dMSeNeanl;layer
then subjected to washing under,  sonjcat] M,LLIQ,
naBdid 20 riut E¥FEPRENoFO2E St ML) E}V*Fl R ety

Qﬂ%ﬁﬁ; ER%xSURE ce ﬁérfafme&hraﬁiﬁﬂﬁﬁprt&n&s tb&ﬁtlcular
rie un N2. The three supports are anal ysed by IR

qumerqamﬁ:rqns 20afifle alppeacanceenpebabdse at AEsy cheagtion

(ﬁwgor 10 minutes, the three supports are rinsed with

was

MilliQ water and then subjected to washing under
sonication: MilliQ water 2 minutes/ethanol 2
minutes/Mil11iQ water 2 minutes. The surface of the
three supports is then dried under N,. The three
supports are analysed by IR spectrometry.

The appearance of bands at 1659 cm™' (Amide
I), at 1546 cm’* (Amide II) and at 1225 cm™* (Amide III)
on the the support comprising the activated self-
adhesive layer confirms the presence and covalent
grafting of glucose oxidase at the surface. The bands
at 1659 cm® (Amide I), at 1546 cm' (Amide II) and at
1255 cm™* (Amide III) specific for glucose oxidase were
not found on the gold support or on the "“dead layer”
support. These results confirm the covalent grafting of
glucose oxidase with the self-adhesive layer.

A support bearing glucose oxidase obtained

as described above was immersed in a reactor containing
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), at 1546 cm1l (Amde Il1) and at 1225 cm 1 (Am de

I11) on the the support conprising the activated

sel f- adhesive layer confirnms the presence and

covalent grafting of glucose7exi dase at the surface.

The bands 25 at 1659 cm1 (Amde |), at 1546 cm

(Amde Il) and at 1255 cm1l (Amde II1) specific for

gl ucose oxi dase were not found on the gold support or

on the "dead | ayer” upport. These_results confirm

thé GRAERE f??ﬁg%b}f%eﬁl l?&:OéFOZ(i 4asé v‘\ﬂ%ﬁm}eheequal to
sehf- gdhesinee d rt WA SSpRitedess i H0potewOs6stat. The
oxi dase obtai ne as descri bed above was I mMmersed in a

I e SYSEETCoAPAPHILAGS782 L ABILRY THieALIEE pUfoeposedpHeE 2
7 in v.Ql u I _t 3 S

ComatriT e LR A o ardEnp hees RIS, of che scE
courtaerurelted redtoiednpdsedrotied tgr@phi Thepladtedt g was

a reference el ectrode of the SCE 5 (saturated calggg&metry

el SRS yhe. BThRCEPRELFLISHRED Shbj¥& S t 8°

pott%ié ahrsweepaek Cygl g valt armebEywedypend aqhidl €brium
of nVv.s-' between the equilibrium potentia

(t weitealtiplobéeypidabey wedrexvedhnbiebwgew) 0 -dndand. %56 V)
nv on th ds n turn 41 e

Gt o 0750 VL Tt | O Bf [pRebE! | pha! LRAPR return
equiwddy | dewpot est i ab . mher e atlde ¢ahbage was mativwwhedo the
off. The Iimt potential values of the clic .

Vol SRR Wi r BOREPER HLnctP By~ t IHbec oKRT BRFBd "Rt FrgRehed

of 4202 (apd i m {he abgepear9h19! UrpsRHXi Base)th® thoclic
15 mediumin order to determ ne the zone of

el eciIrtcamtd byt ywete HA62ermifieds toye ke neonerglit edepddition
ken wi_thout gl uco

1ot D A, TR B OSTEe 0co e

9l YgasEum t heincur peAkri S ARASUrdstedmitle 200t/ andoae  of

+0. 500 nV. The
electroactivity of H,0,. A first current measurement was
taken without glucose, and makes it possible to obtain
the reference for the system. After adding glucose, the
current is measured at -0.200 mV and at +0.500 mV. The
current variation was monitored over time. Two
different glucose concentrations were used: 7.69 X
10* M and 7.69 x 107 M.

It is very clearly seen that the appearance
of H,0, as a function of time does indeed follow a law
of the increasing hyperbolic type that is compatible
with the Michaelis-Menton relationship. When the
solution containing glucose was replaced with a
solution of PBS buffer, a decreasing hyperbole appeared

over time until a voltammetry spectrum identical to the

reference spectrum was obtained.
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d

fferent glucose concentrations were used: 7.69 x

10-4 Mand 7.69 x 10-3 M It is very clearly seen that
the appearance of H2Q2 as a fgnction of tinme does
indeed follow a law 25 of the increasing hyperbolic
type that is conpatible with the M chaelis-Menton

rel ati onshi p. When the solution containing glucose

hdPdsdFng hy i':bol e appea,r ed

DLt ARUERGLFY (5 PE
pect rum was obtalned. 79 [ d|c] 1 mih 7 mn?2

S replaced with a olution of PBS buffer a
i)

Attt al zt%v%{lﬁltl %&re*ereng

68 31.38 FHor a glucose conc of 769

vl

d

\Y

S n

411)Am1n @0um)n | 0.$9x10-1.08 A I| g.82u.) 0. B9.4805 (38238
10_ A4

M

the initial reaction rate is 0.4916 a. u. /mn

[Gc] =11 m nré% "gﬂ%%égé‘ ééngéﬂtﬁét%ﬁ 8k M ko ox1 M,

69x10-3 Mo 0.98 29.48 35.68 38 8

42 38 1511Edta1ax@Iamom areeritr 468 608 - BL-GOLI0- 3 M
the initial reaction rate is 0.9255 a.u./mn. By

pl

otting the graph as double inverse 1/initial rate =

f
K
re

TGhegi sicose] )| an observed M chaelils 10 clonst ant ,
9f . L he ordeF wm 133 T Wad BeRdrh Adg. | Fhiten | 81 min
§u| £*+%7iM akccordante withl|the Kmlval ues |f or al ucose

oXipdaseafwund jnoite |pbesat yre.¢BKm|=33%8115388. | 42.38
11- 3-8 | mobilizationl-ef—glucose—oxidase—on

For a glucose concentration of 7.69x107° M,
the initial reaction rate is 0.9255 a.u./min.

By plotting the graph as double inverse
1/initial rate = £(1/[glucose]), an observed Michaelis
constant K, of the order of 113 mM was determined. This
result is in accordance with the K, values for glucose

oxidase found in the literature (Km = 33-115 mM) .

IT-3-8 Immobilization of glucose oxidase on
polyvinylidene fluoride (PVDF)

Strips of PVDF B were prepared by
performing the treatment steps described in paragraphs
T-1-1 (or 1I-1-2), 1I-2-2 and 1I-3. Glucose oxidase
(sigma-Aldrich) was dissolved in MilliQ water (1L mg in
3 mL). 2 x 200 pL of this solution were deposited on
two different samples: on a strip of blank PVDF ( and
on a surface coated with the activated self-adhesive
layer. The deposition was performed without any
particular precautions, and at room temperature. After
reaction for 10 minutes, the two supports are rinsed

with MilliQ water and then subjected to washing under
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15 polyvinylidene fluoride (PVDF) Strips of PVDF were
prepared by performng the treatnent steps described

in paragraphs 1-1-1 (or 1-1-2), 1-2-2 and 1-3.

G ucose oxidase (Sigma-Aldrigh) was dissolved in
MITiQwater (1 ngin 20 3 nL) . 2 x 200 pl1 of this

sol ution were deposited on two different sanples: on
ahstri p of bljank PVDF (3 and on a surface coated with
the activated self-adhesive [ayer. The deposit,ion )
pePPEAREL 1RPE hout l%arti\ﬁlﬁ?%ﬁ precaut i g‘?szr}u%%%/e\;@‘aml
r 09Myt eReEAIMYN € 1 AT ke 2D 2 aRlAN %k f OThE0 ShFEE®S, of the
the two supports are rinsed with MIliQ water and

t h&mWos PR t bS wabkin frieferusder s¥ni cAPRoFYaM FYRPRYPTLS
water 2 _ninutesiethan ' IMI1iQ water 2

m 5tee§.ng1?‘ ée;auéo a?g‘ %k)etcﬁg%t%\%c%%upportg is then

dri ed under N2Th&heppearanppobfsa baedanal Y$&d byt R(Amide
spectronmetry. 5 The appearance, of a band at 1659 cm1

( Adilde ©H ) t ! r tCXERIY Sihg & a"i‘:cf'fjv‘é?te# self-
sebimeadhesi Mgy erefanfindT™® e Resedk@ anghda covalent
covalent grafting of glucose oxidase to the surface.
Therbdndngt oflgE%iannel xAdake Yo sgweiFuefder . giyeosand at
OXi e was t. 10 found on.the rj I

Th&%g’ r &ul tgmc%%fit)r n??%%%%ﬁa?é%téfg)lrlcg%??n%gg?gyg:wgs not
gl yeRSE oshdasike Widdrig hefseblaadhesvne Ifayelhekkl results
Use of the process according to the_ 15 invention for .
modORFiFg t Hee sGPVAdENENGGRf % fir gAreosp |Qxgidase with
G affd Q1S %@&\;ésq_%‘y'g}e_ synthesis is perfornmed in

t hree steps. qn the fiI'rst step,

1, 4- ami nophenyl di azoni um (obtained in situ by

oxi dati on of 11%1dtan]ngh%&ywﬂgaprocess according to the

invention for modifying the surface energy of a surface

III-1 Grafting strategy used

The synthesis is performed in three steps.

In the first step, 1,4-aminophenyldiazonium
(obtained in situ by oxidation of 1,4-diaminophenylene
with sodium nitrite) has been grafted. In the second
step, the grafted amine functions were diazotized via
the action of sodium nitrite. In the final step, the
surface, now comprising diazonium salt, has been placed
in contact (40°C < T < 70°C, UV, reducing agent) with a
hydrophobic molecule (Zony1®) and the modified surface,
bearing chemically bonded hydrophobic molecules, has

been obtained..

ITI-2 Reagents
The reagents used in this example are as

follows:
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20 wth sodiumnitrite) has been grafted. In the
second step, the grafted am ne functions were

di azotized via the action of sodiumnitrite. In the
final step, the surface, nowsconprising di azoni um
salt, has been placed in contact (400C < T < 70C, UV
reduci ng agent) with a 25 hydrophobi ¢ nol ecul e

(Zonyl (r)) and the nodified surface, bearing

chem cal |y bonded hydr.ophobi ¢ nolecul e as n
obt ai ned. . 1117 21R&54e n?Q%?HXH?QEQe§FQPU§EdES§'}ﬁfsm
exgngbe gnenag 3f ghhbowsy 8&. - 1, 4-di am nophenyl ene:
F.W = 108. 14 = 0.324 ¢;

; . g; n=3mol; 1eq -

sodiumnitriter Fewdiumegndggitm:= FQW207=g; 68 -29%; m =
|; leq. 5- HJ:. F.W = 36.46, C=4 M V = 20 nL
-nméaéoj’vgt ?S‘nEDWmP:io\r?ipS%der: FFW = 55.85 m= 1.0

g,

n = 18 mol; atleqr.w.Zongb(4%; € W4=M443;=d26& mL

1.17; v = 2 . n 10 = 7.7 mmol; 1 eq. 111-3 Protoco
Step 1: 1, 4-Di anf#dpheryl¥endfi0.324 g, 3x10- 3 nol)

was di ssol ved in; 0 - 0 droch! e _ . )
(20 mL of 4 M iﬁ§§§5§%ae9- Ry dochl @5 .crpci b 0lYy; n =

st i8r mmglat 1r egm t enperature. 15 nL of aqueous sodi um

nL beaker with nmagnetic

nitrite soluti02P§9&292F88.3§1%@§.”%{l.WSQ?B?SgQ%.2 mL; n

cautiously to 't

I'l ow“sol’ut’i on

Bordegayxmid ; 90ldt.i on. Two gl ass slides and one gold

slide used as 20 reference for checking by IR the
grafting efficacy were

III-3 Protocol

Step 1: 1,4-Diaminophenylene (0.324 g, 3x10°
3 mol) was dissolved in a solution of hydrochloric acid
(20 mL of 4 M) in a 50 mL beaker with magnetic stirring
at room temperature. 15 mL of aqueous sodium nitrite
solution (0.207 g, 3%x107° mol) were added cautiously to
this pale vyellow solution to give a Bordeaux-red
gsolution. Two glass slides and one gold slide used as
reference for checking by IR the grafting efficacy were
then immersed in the bath. Iron powder (1.0 g, 18x107°
mol) was then added. The glass and gold slides were
removed after 180 minutes and then rinsed successively
with MilliQ water, ethanol and acetone, and dipped in a
bath of DMF at 60°C for 15 minutes before begining the
IR analyses.

Step 2: The pregrafted slides were immersed
in 0.1 M sodium nitrite solution (25 mL) diluted in
25 mL of 0.5 M HCl solution for 1 minute. These slides
were rinsed with water and then dried under a stream of

argon before the IR analyses.
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then immersed in the bath. Iron powder (1.0 g, 18x10-3
nmol ) was then added. The glass and gold slides were
renmoved after 180 minutes and then rinsed successively
with MIIiQwater, ethanol angbkacetone, and di pped in
a 25 bath of DMF at 60C for 15 m nutes before begining
the IR analyses. Step 2: The pregrafted slides were
imersed in 0.1 Msodiumnitrite solution (25 ni)

diluted in 25 nL of 0.5 MHCL sol ution ut e, .
These slides 3Bt@Rra: rited iR WATET a{‘} ]111 n gngﬁd i
U”Q%B§Q®S&Ee§€b@ffo@rQOHohngEanea bRqanabygesd B¢ IR.
Step 3: The slides were flnaIIy di pped in Zonyl (r) at

35C for 1 hour, rinsed and analysed by IR 111-4

Results 5 The ?EfL{singguiggspectronetry of the gold
c

slides after step the presence of the
expect ed fiIn1TE&gahalyﬁ;slB&lG&leedﬁr@mqﬁmyfdﬁ:the gold
bands . at 3342 cm -1 (NH stret.ching), cm1 and
1528 168P1 QEFoR SEFRR N G AL S RRSBEPFRa: Pbn he

of erx 8ceeal | Q.mlo Fihekhessesppeveent a%eOfs;gicﬁfﬂlmgbands
bt al ne nmeasuri ng t he percent age of

ab:aatr pBi4en cof * th@Hn@srewml@gﬂse bahe e tﬁ@ds&éé{@lm (C-

inthis case the C N at 6
t h& &ht c?’&ﬁ‘@tl s |Vr?tsolb]]ﬁ5 | azé;l)snl E‘%‘% &P\écgf 2 1?‘QS’C‘Q’;“HHQ
t hemiQkrichecdi azpairvehtagéo of | geadtehber swdst ebta)lned by

was al so confirned by IR (bands_ at 2268 cm1 for gk
110%asnd ing63thm 1PEBFeTFAIanPEFAPSTR G pf, the "most

12%.%%%§§1 %§g18§3kheF' trd%)Jéﬁigﬁis(Easelg%e C-N at

n1nu es, 9-- ting
1616 cm

The conversions of the amine functions into
diazoniums (step 2) and then of the diazoniums into
fluoro ethers (step 3) was also confirmed by IR (bands
at 2268 cm' for N=N; 1103 and 1263 cm™* for CF; and CFa)
(Figure 15, 1211082 and 1211083).

1211081 (t = 180 minutes, gold) 6.1% grafting

1211082 (NaNO, treatment)

1211083 (perfluoro chain grafting).

Figﬁre 16 shows the contact angle values
obtained for a drop of water placed on a blank glass
slide or on a glass slide onto which has been grafted a
perfluoro chain derived from Zonyl® according to the
process described in point III-3 (five independent
measurements). Figure 17 is a photograph of this drop
on a blank glass slide (Figure 17A) or on a glass slide

thus grafted (Figure 173).
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1211082 (NaNO2 treatnent) 1211083 (perfluoro chain
grafting). Figure 16 shows the contact angle val ues
obtained for a drop of water placed on a blank gl ass
25 slide or on a glass slide gxnto which has been
grafted a perfluoro chain derived from Zonyl (r)
according to the process described in point 111-3
(five independent rmeasurenents). Figure 17 is a

phot ograph of this drop on_a blank glass slide
(Figure 17A) or on a gl ass SHEAHES 30t hus grafted
(Figure 17B). 83 CLAIMS 1) Process for assenbling at
| east one zone of a first surface with at |east one
zone of a secohll PSosasbaferomswiembplingoladculeasst one zone

interest,, conprising a step _that caonsists_ipn.placin
saPd Porftoft s%‘inak?‘ﬁg? st lkguﬁtagleea}sﬁ: c%fr?é a%{)ﬂﬁvi £ % saaigsde cond
zore et ceaisk SReeRd a seblaegler of t insairdstpl eonprisfing a

interest, said zone of said first surface be rin%Ift ,
| egsEPoridatadreRfiake/ 4P PIGGISF S3{fecrese ?% said first

AS%%%QEEQQ.gﬁpcg§ﬁta@ECOQQhﬂg £9i6l abshd shrasiedi ze&cond
i nthat sai d process conprises the follow ng
suectessaicee cat epsch Eaizx) moptemna [of subjeresthg saidneone of
of said first surface bearing_at .l east e esion
priSfe priddh s %FecgﬁarfF%ng%s&F E%Ié) orfgg&ééf and/or
obtigjNidn@pddiem.an adhesion priner precursor, at

| east one adhesion prinmer, b) subjecting said zone of

said first 20 surface bearing at |east one adhesion

primer Optionabby é@@ﬁ% Tﬂ%i 6gégéﬂfacéékding to Claim 1

non- el ect r ochefi cal con&itloﬁgf to obtalin, on said

Zonrthraditdréasid onenr adiheal asalidr process comprises the
following successive steps:

a) optionally subjecting a zone of said first
surface bearing at least one adhesion primer precursor to
conditions suitable for obtaining, from an adhesion
primer precursor, at least one adhesion primer,

b) subjecting said =zone of said first
surface bearing at least one adhesion primer optionally
obtained in step (a) to non-electrochemical conditions
to obtain, on said zone, at least one radical and/or
ionic species;

c) placing said zone of said first surface
bearing at least one radical and/or ionic species,

obtained in step (b), in contact with said zone of said

second surface or with said molecule of interest.

3) Assembling process according to either
of Claims 1 and 2, characterized in that the molecule

of interest is chosen from the group constituted by
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I onic species; c) placing said zone of said first
surface 25 bearing at |east one radical and/or ionic
species, obtained in step (b), in contact with said
zone of said second surface @4 with said nol ecul e of
interest. 3) Assenbling process according to either
30 of Cains 1 and 2, characterized in that the

nol ecule of interest is chosen fromthe group
constityted by 84 _organi ¢ nmyl ecul es cqr isin

or §&APEFasey ewlg%.c%ﬁwaﬁarlgcu%%a 8r'f88fq&8| Uhases,
”Db§§ah§§ anﬂac?%QBQ@EQ@éQ ”U|B§818§1c514) WSB&eFwléHy and

procéss according to any one of Clains 1 to 3,
chaydoctphiokbed mplelkaflesaid first and second surfaces

are constituted of an identical or different

material, chosen fromthe group constituted by

metals, metal a)l ogssenildehg papsres<oatonrdiagbaw hhy one

felt, S|I|con nanot ubes, graphite nate ials
maodr iGHadms | Lick?P nat eBRBFARERTEFEEr FRat ﬁ%ﬁé; ¥st and

an%ec%?@nDEQrfgbgéssgﬂgl'é&hé&f@@@éﬂaQﬁpr@hngla@n@ﬂMal or
precedi ng C ains, characterized in that

saidd ffegemt mwardntel beghosen |fzen bhe fAxswMp haenghhtuted

be i nvol ve radi and/or 40 em cal
reéﬁﬁl%ﬁtagﬁ’Ag? gf8¥%6e3§x§%02¢%P%g téggﬁf%ﬁ1carbon
20 ref1 tQ agBidoh D &anauuﬁagergzaﬁhiﬁeth@&eﬁmais, organic
adhesi on prlner is directly bonded to, said zon

saimg el s s drlfupiel naﬂe%s%”e PR L YR BHeRed cﬁ%ffé‘f‘%s and
to 25 of Cains 2 to 5, characterized in that

sai aé%e5|on prinmer is indirectly bonded to said

zone of said first

5) Assembling process according to any one
of preceding Claims, characterized in that said second
surface bears at least one atom that can be involved in

a radical and/or ionic chemical reaction.

6) Assembling process according to any one
of Claims 2 to 5, characterized in that said adhesion
primer is directly bonded to said zone of said first

surface.

7) Assembling process according to any one
of Claims 2 to 5, characterized in that said adhesion
primer is indirectly bonded to said zone of said first

surface.

8) Assembling process according to any one

of Claims 2 to 7, characterized in that said adhesion
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surface. 8) Assenbling process according to any one

30 of Clains 2 to 7, characterized in that said
adhesion 85 priner is covalently bonded to said zone
of said first surface. 9) Assenbling process
according to any one 5 of Clains 2 to 8,
characterized in that said adhesion priner is a

cl eavabl e aryl salt chosen fromthe group constituted

by aryl di.azoni um salts, aryl . anmoniu salts,. aryl .
ohBERHGA drm SATYR ST PIATR U SARCE ZRRS Ryioard £irst
suli,@fbum. salts. 10 10) Assenbling process according

to daim9, characterized in that said aryl group is
chosen fromaryl groups substituted with

el ectron-w t hdgaw | 0
according to a%? g‘%%eq%?li%lﬁaiﬁnléo%é%so%%,ggg{%lﬁgc?gr %2%3 one
i notfhatlssimsd adhesisgn chrtarerzaxhosen theasmssial gadhgsion
constituted b supported phenyl dj azopi um

t ePrAfeFor'cho aﬁé?ggabésrﬁga%tﬁéﬂﬁr85ﬂ§ﬁ9|éFS?oﬁWﬁngroup
t etdafdcueneRer akg, awpROr Hedz4n20mbr e8DEEENYA #Yy BZ Otk 1 um
tetrafl uoroboraté, supported 4- am nophenyl di azoni um
chiseditde, aswpopln@@plzomrhysahtsehaéwgpﬁaﬂﬂrﬂauakoﬁﬁkﬁﬁ and
chl_qri.de 1%%%3%%L %1%% benzoyl benzenedi azoni um

teﬁﬁg?1ﬁ%%obor supported 4- cyanophenyl di azoni um
tetrafl uoroborate, supported 4 25

car boxyphenyl di azoni um t et raf | uoroborate, supported 4:
acetanidophenypaﬁa%ﬁsﬁﬁﬁﬁhP%nPFQ??%?lﬁ%??ﬁéﬁég)FO E1din 9,
SURRQLLed 431 RRANYhaeRhE Csald thé) BZpRbupn i tdnafskuote 1
borat e, s&péorted 2-neth§|-4-[%%-nEtﬁ§rhhenylf- o ey
di azeuwypls] sebsencdiad owi tim eldd - v iBfva 9o ITQUPS -

11) Assembling process according to any one
of Claims 2 to 10, characterized in that said adhesion
primer is <chosen from the group constituted Dby
supported phenyldiazonium tetrafluoroborate, supported

4-nitrophenyldiazonium tetrafluoroborate, supported 4-

bromophenyldiazonium tetrafluoroborate, supported 4-
aminophenyldiazonium chloride, supported 2-methyl-4-
chlorophenyldiazonium chloride, supported 4-

benzoylbenzenediazonium tetrafluoroborate, supported 4-
cyanophenyldiazonium tetrafluoroborate, supported 4-
carboxyphenyldiazonium tetrafluoroborate, supported 4-
acetamidophenyldiazo ammonium tetrafluoroborate,
supported 4-phenylacetic acid diazonium tetrafluoro-
borate, supported 2-methyl-4-[(2-methylphenyl) -
diazenyl] benzenediazonium sulfate, supported 9,10-

dioxo-9,10-dihydro-1l-anthracenediazonium chloride,



10

15

20

25

30

30 di oxo-9, 10-di hydro- 1 -ant hracenedi azoni um chl ori de,

86 supported 4-nitronapht hal enedi azoni um

tetrafl uoroborate and supported napht hal enedi azoni um
tetrafl uoroborate. 12) Assenbgeng process according to
any one 5 of Clains 2 to 11, characterized in that

said non- el ectrochem cal conditions are chosen from

the group constituted by thermal, kinetic, chem cal,

phot ochem cal and radi gchem cal ..condi.ti ons,, an

coFHPRAE 6Rs %ﬂ&%ﬁa%qf%e%d&mqw proEegiuoroporate
aC%%Bd%ﬂ@prt@ﬂynﬁ%ﬁthﬁﬁeﬁ%@ﬁﬁ@bﬁﬁ&m@két&&fluorpborate.
characterized in that said placing in contact is
performed directly. 15 14) Assenbling process

according to a 0 [ racteri

in that said p?é&i%%seﬁ%lgé tg%F%F%%pé%¥§$%gégfﬁﬁg £E§jone
Ssoloft | ODaikd) 2Assenbli ng ghsaeeserdeedr ding thmtanygadde non-
20 of Clains 2 to 14, characterized |n that_said, steps

( bR leghdoctPmdca lpeF PR HetORS mﬁﬁ%n@b%??. fggm the "group
As 3l RG IO CeS SpRcCor dhagmhe, any ditetdfc O ai NBhémical,
to 15, characterized in that said zone of 25 said

f i pdotogheadeaiear iangl at tadiecheeicahesi onpitiges,  and
precursor i.s_a ne of . said first surface to which is
boﬁﬁ&flﬁﬁ%ﬁ¥$%ﬁgfgﬁgf'covalently, an organic film
beari ng at | east one adhesion prinmer precursor. 30 17)
Assenbl i ng process according to any one of Clains 2

to 16, charact éP)z@FSAHAT LHFSHIATHTFENI b ey one

pr%ﬁyrﬁgfe.éé Sench L opkt he gLouR teeaskit utigd dyat said
suppor t'ed phenyf am ne, supported 4-nitrophenyl am ne,
placing in contact is performed directly.

14) Assembling process according to any one
of Claims 1 to 12, characterized in that said placing

in contact is performed in solution.

15) Assembling process according to any one
of Claims 2 to 14, characterized in that said steps (b)

and (c) are performed simultaneously.

16) Assembling process according to any one
of Claims 2 to 15, characterized in that said zone of
said first surface bearing at least one adhesion primer
precursor is a zone of said first surface to which is
bonded, preferentially covalently, an organic £film

bearing at least one adhesion primer precursor.

17) Assembling process according to any one

of Claims 2 to 16, characterized in that said adhesion
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supported 4-bronophenyl am ne, supported 4-am no
phenyl am ne, supported 2-nethyl -4-chl orophenyl am ne, 5
supported 4-benzyl benzeneam ne, supported 4-
cyanophenyl am ne, supported 4g7car boxyphenyl am ne,
supported 4-acetam dophenyl am ne, supported 4-

am nobenzoi ¢ acid, supported 2-nethyl-4-[(2-

met hyl phenyl ) di azenyl I am ne, supported 9, 10-di oxo-9, 10

10 di hydro-1I -ant hracenea S orted 4-nitrona
t hEFéW@EmRﬁT@%%pb%r Fg‘]ﬁ?sﬁﬁpt#pﬁ%f ehBandre" pléﬁor%hﬁltdl ted
Suggorsh ppeseass lﬁ'ﬂe@ﬁﬂa‘%ﬁ@fes BHuppEasd ofen ZORSpeiyl Biine,

| ea one radical and/or ionic 15 species, MAth at
|easppomeeddhesﬂohrpmpnbenybammpﬁh at FERRPTBRE 4-amino

& RrReY1ashdy BETEHEECLats el {fRr et anine,

sokugpsupeadrt asadpéhpelibenzedBafinem 18, fapported 4-
preparing a biochip or a biosensor. 20) Bi.och 1
b| SYEROBREBYRPFREENg a SOMRPT Shpor 14 %Yjﬁgi?%%‘é amine,
DeRprRlb@as! NGk Mddhedy1dmaa, one sf@]g&bd?laied 4-
ionic species as defined in 25 any one of
CI ainimoben2odc 4 thatibas reagstpHowref a b? ohegivhi4-[(2-

oo PR PSR d T = BT BS. Ak by L0 aiox0 -9, 20-

fr@g.@i%@tr%, 1C@lnt Hta caidkd e, eceupsorted 4-nitronaph-
pol ysaccharides, cells or cell parts, and nucleic
aciténel e3@age ne BNASURFO LSS e siea0d R e used

during the inplenentation of an assenbling process as

defined in any one of Clainms 1 to 16, conprising: - in
a first conparmsentsohléols@mmpowhoss asugkd¢qedsars at
d aim 18,

least one zone with at least one radical and/or ionic
species, with at least one adhesion primer, or with at
least one adhesion primer precursor as defined in any

one of Claims 1, 2, 4, 6 to 11 and 15 to 17.

19) Use of a solid support as defined in

Claim 18, for preparing a biochip or a biosensor.

20) Biochip or biosensor comprising a solid
support whose surface bears at least one zone with at
least one radical and/or ionic species as defined in
any one of Claims 1, 2 or 4 that has reacted with a
biological component chosen from the group constituted
by peptides, proteins, antibodies and antibody
fragments, cell or membrane receptors, polysaccharides,

cells or cell parts, and nucleic acids.



10

15

20

25

30

- optionally, in a second conpartnent, at |east one
conponent required for producing the adhesion priner
fromits precursor and/or at |east one conponent
required for producing a radigal and/or ionic species
10 fromthe adhesion prinmer, - optionally, in a first
conpartnent, another solid support or a nano-object
whose surface corresponds to the second surface as
defined in eithe& of d aj 4 and or_.a nol ecu

e

¢
interest as defithedkt%s5 ¢ rﬁ%?ﬁﬁﬂ?fn % &@%tnnﬁﬁpliggg.used

2231489 0f t e SOhpTehERRAt i ondlofl &aSt a8BEMbIOAE Prddds as
surface~of which conprises at | east one radica

andledrinieghiin swacioms, offolClidmsbill ito A§ /t FOFEEH S2DI

anot her solid suppor . nano- obj ose rifac
corresponds to t He' sécggl st-'ur?%ncrg%té%%%wnéd s|sérj1lle<j?‘t %’é’?poxt
of & Ao redanch T1adm agyl ecul e of interest as

defined in Caim3. 25 23) Use of an asgenblin

process as def irneRPtioRahlY onélofd CPEFRE 1%9?9#%%W5Qﬁ' at

a Sﬂ.‘%lha{sdc BHP U dmpHent CASEu LA 208 Prodhieisyr ERECaghesion
whi ch conprises "at |east one radical and/or ionic
spentiesr fforomexits i prteTWrser apmdier fabkbsasBooy component

Process, fo di fyi t.he surf er, f S .
oné*%ﬁPFﬁ%% ?rapﬁgﬁgﬁfnﬁhf%hrgégﬁggsﬁgﬁ/%régégkﬁ?i%BeCles
saifd-sirdiac eadMddich rdimephobi ¢ nol ecul e according to

an assenbling process as defined 5 in

. . any one of
Claims 1 to 3 and LEPIFLLIVE) PRocéss %k%%?diﬁﬁmpartment'
gloﬁé.pﬂr'%téqgesr a%Bi‘EaCtsﬁiéﬁe?& I gt hat n33bdoBHRE®SSvhose surface
corresponds to the second surface as defined in either
of Claims 4 and 5, or a molecule of interest as defined

in Claim 3, to be immobilized.

22) Use of a solid support, at least one
zone of the surface of which comprises at least one
radical and/or ionic species, for immobilizing thereon
another solid support or a nano-object whose surface
corresponds to the second surface as defined in either
of Claims 4 and 5, or a molecule of interest as defined

in Claim 3.

23) Use of an assembling process as defined
in any one of Claims 1 to 17 or of a solid support, at
least one zone of the surface of which comprises at
least one radical and/or ionic species, for exfoliating

graphene flakes.



10

addi tional step, follow ng said assenbling, which 10
consists in subjecting the surface assenbled wth said

nol ecule to a heat treatnent. 1 SEQUENCE LI STI NG

<110> BERTHELOT, Thomas DEN Ak Guy HUC, Vincent LE
Xuan Tuan NEKELSON, Fabien ROUSSEL, Sebastien VIEL,
Pascal <120> Process for assenbling two surfaces or

one surface with a nolecule of interest <130> SP32960
<140> PCT/ EP2009( 053977 <141> 2009-%4-02 <1g%? £
FRO8/ 52209 <1315 28689648503 T 508°8Rb¥F BT 265 1< surtace
20Q8210v275£<160> Roasdt O%riRAt @Rfrdfaceer $ifoNa3. do1£&10%which
1 <2115°8 <212> PRT <213> Artificial <220> <223> '
Unpeosésted in resgemyhinet faipepirface<aigh B drydprhobic

CJXmE%%uYglé%@ofaﬂhJ%éb an assembling process as defined

in any one of Claims 1 to 3 and 6 to 17.

25) Process according to Claim 24,
characterized in that said process comprises an
additional step, following said assembling, which
consists in subjecting the surface assembled with said

molecule to a heat treatment.



15 <210> 2 <211> 17 <212> PRT <213> Artificial

<220> <223> Sem -protected, synthetic cyclic peptide

(CBO P11) <220> <221> M SC1 FEATURE <222> (1)..(l)

<223> D-phenyl al ani ne <220> <221> CHAIN <222>

(3)..(3) <223> Gdipemaerbeantng a trityl (Trt)

protecting group 2 <220> <221> CHAIN <222> (6)..(6)

<110><ZEFBFHEYQFI nTheaabeari ng a

2DEQJIAU6 Gm' ent amet hyl di hydr obenzof uran-5-sulfo nyle
ct| ng group <220> <221> CHAIN <222>
21?3> Lysi ne bearing a t-butoxycarbonyle
gg s %g group <220> <221> CHAIN <222>

Qs%la 223> Histidine bearing a trityl (Trt)
pr ot ect| ng group <220> <221> CHAIN

<120> Process for assembling two surfaces or one surface with a molecule
of interest

<130> SP32960

<140> PCT/EP2009/053977
<141> 2009-04-02

<150> FR08/52209
<151> 2008-04-03

<150> FR08/57269
<151> 2008-10-27

<160> 3

<170> PatentIn version 3.1

<210> 1
<21li> 8
<212> PRT

<213> Artificial

<220>
<223> Unprotected linear synthetic peptide

<400> 1

Gly Pro Gly Gly Val val Gly Pro

1 5
<210> 2

<21l> 17

<212> PRT

<213> Artificial

<220>
<223> Semi-protected synthetic cyclic peptide (CBO-P11)

<220>
<221> MISC_FEATURE
<222> (1)..(1)

<223> D-phenylalanine

<220>

<221> CHAIN

<222>  (3)..(3)

<223> Glutamine bearing a trityl (Trt) protecting group



c222> (11)..(11) <223> dJutam ne bearing a trityl
(Trt) protecting group <220> <221> CHAIN <222>
(13)..(13) <223> @utanine bearing a trityl (Trt)
protecting group <220> <221> CHAIN <222> (14)..(14)
<223> Histidine bearing a trityl (Trt) protecting
<220>group <220> <221> CHAIN <222> (17)..(17) <223>
<221>GapaNi ¢ aci d bearing a -(CH2)2-COOH protecting group
<222><4B0>- %$)Phe Pro G n Ile Met Arg Ile Lys Pro Hs dn
<223>GArgipipeHPeanipg G2y 2 4 557 IRpnianetly dity fpabegzolypyss pplto
<J¥3s PR RZPESSHIRP §T998i al <220> <223> Unpr ot ect ed
synthetic cyclic peptide 3 <220> <221> M SC FEATURE
«220-<222> (1)..(1) <223> D-phenylal anine <400> 3 Phe Pro
<221-Cduakke Met Arg Ile Lys Pro Hs Adn Ay An Hs lle
<222>3 ) .. (8)
<223> Lysine bearing a t-butoxycarbonyle (Boc) protecting group

<220>

<221> CHAIN

<222> (10)..(10)

<223> Histidine bearing a trityl (Trt) protecting group

<220>
«221> CHAIN
<222>  (11)..(11)

<223> Glutamine bearing a trityl (Trt) protecting group

<220>
<221> CHAIN
<222> (13)..(13)

<223> Glutamine bearing a trityl (Trt) protecting group

<220>

<221> CHAIN

<222> (14)..(14)

<223> Histidine bearing a trityl (Trt) protecting group

<220>
<221> CHAIN
<222> (17)..(17)

<223> Glutamic acid bearing a - (CH2)2-COOH protecting group

<400> 2

Phe Pro Gln Ile Met Arg Ile Lys Pro His Gln Gly Gln His Ile Gly

1 5 10 15
Glu

<210> 3

<211> 17

<212> PRT

<213> Artificial

<220>
<223> Unprotected synthetic cyclic peptide



151015 Qu

<220>
<221> MISC_FEATURE
<222> (1)..(1)

<223> D-phenylalanine
<400> 3
Phe Pro Gln Ile Met Arg Ile Lys Pro His Gln Gly Gln His Ile Gly

1 5 10 15

Glu



