
Method for preparing surfaces The invention relates to a. new surface preparation. methmd usig.
molecules comprisimg Clt least one covalent bond. which. 5 gives rise to free radicals when the
molecule is activated thermally, by organic or inorganic reduction-oxidation, phmtochemically, by
plasma, by shear or else under the influence of ionizing radiation. M The invention 51 .30 re1ateg to
the U.S2 of this new preparation method., mote parlicularly in applications ILor cC) ntrolling the
surface energy of a. substrate:. For examiple, it may allow the sreucturing of a 1(Mock. copolymer
which :is subsequently applied, but the invention also allows the 15 treatment of surfaces for
ehhancing the printability of Inks or of paint, the wettability, the weathering or ageing. resistance, the
adhesion, the biocompatibility, the C) revention of. migration of lnks, and the prevention of
nanostructuring, of h-lock coenlymerg 1.0e plectrarri= C) TI ofy'coPiect-1-(Tr-Hcq is now well. known.
Itispossible more particularlytostnniturethe 25 axranqement of the blockb constituting. the copolymers
on sea. .es of smaller than 50 mm. Toe desireu structuring (for example, generalnon ol perpendicular
to rne sur.(ce),nowever,requires toe 30 prepamaMion of the suhntrate to which the bloch gopolymer
iC) amplied, for the purpose ot nontrniling the surface energy. Among the poseibliities that are known,
a rdndom copolymer is applied. to the substxate, i being. possible  for the monomers of said
copolymer to be whoor partly. identical witi.1 tihose used in the block copolymer. it is desired to apply.
5 Moreovor, if the wish. is to preventy for expmple, the diffusion of thp random copolymer, it. is
preferable to graft and/or crossllnk the copolymer on thp surtax:ter througn the use of approprdpte
functionality. Grafting means the formation of a. bond - a covalent bond, for examp ebetween. the
substrate and tfe copolymer. CrOSS inkIng meanshe presence ot a 020 ral I y 0 IF boudH between
the. copolymer chains. Pfd or art: I 5 Among. thp various possibidities used for orienting the
morphology. of El bionic COpOlyMer On El uft.ane, a luytat tit) a. random. PMMA/PS copolymer is
antoliod beforehand to the surface. Mahsky et. al.inScience,Vol. 275,pages145S-1460 20  showed that
a. rdndom poly(methyl methaiitylato -co -styrene) (POMP! 7) copolymer funcrionellsed by a. hydroxy.
function at thc, e0:4i0 end se:lows effectiv(1 grafting of the cbpoiymer tfl the cznrfacrr, The alithomp
attribute the grafting capacity of fnese coeosymers to the presence of the torminal hydroxyl group
origjnating from the initiator; this constitutes e dondenefor-lou grde; .1 00 mochantsm, which .13 1101:
very effective from the standpoint C) .1 reffinherarure /ma. 7"imeS fnat aro regnstreft, ryptea.ey 24 te
48 h at 1405 30 



frosst-Hsn uf the methyl met Ii) tyrene (MOP. and STY) monomers, the 'interface energies of
randomICC with. PS and PMMA; respectively, are  atthe same (Mansky at all Macromolecules 1997,
30, 6810-6813). This situation. arises in thb case of a. silicon support n.avl.ng a bade oxide layer on
the surface. In this case,cn.is may present. a drawback,since one ideal. S composjI-Hoi or the rwndom
cmpolymer must ej- exactly                   in order for the interface energies with the PS and wiIM the
PMMA to be toe same Vcnen the composition. of the. random copolymer changes, the aut.::nor c
showed that a P18 -Pf dil cbpoiymer maymf rphoicp ins whicb are ciee.ndent on composit the random
copolymer. It. is therefore possible to chance the mornh.oiogy of the di.elock copolymer in the event,
of incon ency of the MMA8STY i- of the ran RAT1 co slymer. 15 More rbc tertain a(Maci
atMacrsmoleya. 2008,9090Maorc?n].ci'L ecu-las, 2008,9098- di n.:<,slk In aa2006, 22, 7855-7860)
have shown totalmossy:isle ,aclvan.taeousll, to enhance 20 craft--in;;the random copolymer on the
surface roducinglongerthe chain end random copol. ner lfseitplurality of functhonaliflee such as hydr 7i
or es;this case, the copolymer. . "urfunctions on the surface (in. thb 25 case of hydrbxyl) and also
orossiinked at. the surface (in the case of epoxy). at ionUS 20090186234cons Her  crosslink Adv.
Mat., 2009, u5e'ink  



the ranciern cocci. yrnar Thiis alsc: rous art.i.oies, including 6-4300;et US 20090179001. With _kers,
or are w1.cle-y  4 in the most recent approaches, a limitation becomes apparent when the desire is to
neutralize a. surface of given topography. The application of the random copolymer, followed by its
crossiinkMhg, completely covers the surface 5 of given topography, which can no longer be exploited
for itself, sin.ce the crosslinking prevents any removal of a part of th.e surface whic.h it is not. desired
should he covered, mak.i.ng this surface, so to speak, non-conform. no When c.cci. ymers whrcn are
not erosslinked are used, is 10 possible to remove the random copolymer wh..ich is at. a distamce
from the surface, being ungrafted, by the washing of the surface w.c th an appropriate solvent, for
example. Therefore, following removh, of this excess of copolymer, the initia: surface topography is
regained, thesurface in 15 this case being, so to speak, conforming. Although. the approaches
previously described in the literature do allow certain controls over the orientation of a. block
copolymer on a surface treated with a random. copolymer, a limitation is apparent over the extent of
the. 20 surfacein(meat:ionThislimitstheindustrial applications for the purpose of obtair _arge surface
areas of organized block ccpclymers, al.....owing in particular the p hiduhtion of materials for
electronics at colimetitive cost. 25 Furthermcre,theseapproachesrequiretimesor temperatures,
necessary for the grafting and/or crosslinking of the random copolymers, that are often prohibitive on
an industrial scale. 30 Moreover, the si.crfaces treated with the random copolym.ers
must,bebeforehand in accordancespecifi.c prcti.s, anc.1 occ.sccmpj.ica.t.es ) procedures.  The
applicant has now found that the functionalezed or donfunetionelized molecules which carry a covalent
bond which is able to give rise to free radicals may advantageously be substituted for the copolymers
used in the prior art, whether crosslinkable or not, and have numerous advantages, such as very rapid
grafting or crosslinking times, a  on the surface of f.he substrate, lication of block copolymers
controlled and regular over which avoids the laborious  before being apflied thereto, ntmierous
surfaces of different ant has also observed excellent 



domains at scales which may be than nm. Lastly, the molecules, and the polymers or copolymers, of
the preparation of surfaces hacr.in.g a   - activating the covalent bond which gives rise to free rwdicals
thermally, by organic or inorganic reduction-oxidation, photochemically, by shear, by plasma, or else
under the influence of ionizing radiation, to form a film 5 with a. thickness of less than 10 nm and
preferably 5 nm on the surface, - evaporating,whenpresen.t,thesolubilisationor dispersion solvent
employed for contacting the molecules th the surface to he treated_ IC Detailed ascription     moEr
cules are rileaTit any electlAH-ally netral chemical as 5 embly of at least two atoms connected to one
another by R5 abond. This may he at least, one small molecule, macromolecule, or a mixtureules and
at least oneacromoiecu e, and more larly at least one o.l igomer or at. leaAt one polymer 20 or mixture
ti:e.reoil. More precierably, the as,semblies in guest...on are homopol-mers or random, block,
gradi..ent comb c O cl.ymers with a. molecRiawby weight, measu red byn chromntogrwphy (550), of
more than c per. mole. The homopolymers or cApo.used in the meof the invelon mayobtainea.any
ondensaRion, ring-opening polymerization, anionic polym.eri ram i.on of radical polymari ration,. led or
not When the copc.ymers are 30 prepared by rac _ca. polymerization or ce,,lor rization, this process
may he controlled by any known tecl , such as NMT (Nitroxide MediaRed Polymerization), RAFT
(Reversible Addt ti.on and Fragmentation Transfer), ATRP (Atom Transfer  Ra dl
calPolymerization),INIFERTERnidiator-Transfer Termination), RITP (Reverse Iodine Transfer
Polymerization) or ITP (Iodine Transfer Polymeriza don). Preference will he given to those
polymerization processes 



which do not involve metals. The copolymers are prepared preferably by radical polyme zation, and
more_icularly bycontrolledradicalpolymerization,evenmore par icularly by nitroxide-controlled
polymerization. The molecules used in the method of. theps 10 correspond to the fo,.paseral formula:
RI A R2 a covalent,CiVe9 rise to free radicals, a bond en ercy o9 between 90 and 270 kJ/m(9) and
between 1.00 and 170 kJ/mol, at 25C, mesa (m oroang to theifligile described byRey. 465-S00 ( The
bona In ques_99-ably a Os rhon-oxygen cotG ot the kind found in al k.oxyami.nes. 20 More particulars
der ed from the stable free)cal (1) areoref:erred RL CN0(1 ) 111 0 1711-Mn.li cal. P.7 has a. nomass
of more D342 g/alml 30as chlorine, hromi.ne or iodine, a satutatemi or unsaed, linear, brantehe,cyclic-
hydrocarbon. group such as an alayl or p.henyl radical, or an ester group -COOR  .8. provided that it.
has a. molar mass of more than 15.0342. The radical. R11 which is monovalent, is said. to be in
position relative to the nitrogen atom of the nitroxade radical. The remaining viencies of the carbon
atom and of 



5 the nitrogen aaom in the formula (1) may be bonded. to various radicals such as a. hydrogen atom, a
hydrocarbon. radical such as an alkyl, aryl or arylalkyl radical comprising from I to 1.0 carbon atoms. It.
is not impossible for t pa carbon atom and Use n it,rogen atom in the. formula 10 (I) to be joined to one
another via a. divalent radical, so as to form a. ring. Preferably, however, t. he sena:ix-Ling valencies
of the carbon atom and of the niT.rogen atoms in t.he formula (1) are bonded to monovalent radicals .
The radical RL preferably has a molar mass of more than 15 30 g/mol. The radical Ric may for
example have a. RIO ar mass of betweeh. 40 and 450 g/mol. As an example, the radical Rs may be a
radical comprising a phosphoryl group, it being possible for said radical PI, to be represented by the f
ormu : 20 3 p(R) in which R3 and R4, which. may be. identical or di. Xferenta. may be se.b::Axted from
alkyl, cycloalkyl" al koxy, aryloxy, aryl, aralkyloxy, Per fluor.calkyl and axalkyl. radicals and g 30 may
compri:se from i to 20 carbon atoms . R- and/or 184 may also be a halogen atom. such as a chlorima
or bromine or fluorine or iodine atom. The radical. RT may also comprise -  the ndphthyl radical, and
the latter radical may be substituted, for example by an alkyl. radical comprising from 1 to 4 carbon
atoms. 5 More particmiarly,the alk.oxyamines derived from. the following stable radicals are preferred: 



N-tert-butvl l-phenyl-2-methylpropyi nitroxide,          N-tertbbutyl1-(2-naghtbyfl-2-methylpropyi nitroxido,
10- N-tort-bubyl. 1-diethylphmsphono-2,2-dimothylpropyi nitroxide,          N-tortbbutyl
1-dibenzylphosphmno-2,2-dimethylpropyl nitroxide,
N-phenyl1-diethylphosphono-2,2-dimethylpropyl 15 nitroxide,
N-phenyi.1-diethylphosphono-l-methylethyl. nitroxido,  N-(1-pheny1-2-methylpropyl)
1-diethylphosphono-1- mothyleth I nitroxide, 70- 4-oxo-2,2,6,6-tetramethylbl-piperidinyloxy,
2,4,6-tri-tert-butylphonoxy. Further to their bond energy, the alkoxyamines used in controlled radical
polymerization must allow effective 75 control of the chain segxence oil the monomers. Thus, they do
not all allow effective control of certain monomers. For example, the alk.oxyamines derived. from.
TEMPO do not allow colitrol of more than a limited number of monomers, the same being true for the
alkoxyamdbes derived from 2,2,5- 30 tmimethy1-4-phenyl-3-azahexane 3-nitroxide (TIPNO).
Conversely, other alkoxygmines derived from nitrox1eles con forming to the formula (I), especially
those derived from nitroxides conforgibg to the formula. (2) and more particularly those derived from
N-tert-butyl 35 1-dietylphospliono-2,2-dlmothylpropylnitroxide,allow  - controlled radical polymerization
to he e en. ed to a large number of monomers. Moreover, the opening temperature of th.e
a.lkoxyamgxes also affects the economic factor. The use of low temperatures c will be preferred in
order to minimize the industrial difficulties. Preferenceerefore be given to the alkoxyaffanes derived
from nides conforming to the form(1), especially those deDMI the ni roxides 



conforto the formula (2), anculariy,         ose de.nived from N-tert-butyl I-die ilph10-2, yi n furoxige, tin
those derived frog: TEMPO or 2,,Methvi-4-p5enyl- c hexane 3-nitroxideP0N0). andat least two atoms
which are di f fer:en t or 15not. Pre rarah.t y,RIand TE2 may besmaiimolecules,or macromoieeff las.
Whbn 1romolecules, RI. and R2 may , be an o gor a pMore preferbblspecies in gues on. axe, for RI.,
homopolymers or random or block., 20 gradient: or c.omh cope. , with a MOR ar mass, measured by
SEC, of more than 500 q/ ioly and, for P2, a molecular. group wfth a. mass < 1000 g/mol gradient
copolymarmaans a copolymer o.f at least two 25 monomers which. is obtained gan arally by or
pseudo-living polymerization. By virtue of thbse methods of polymerization, the polymar chains grow
simultaneously and thbrefore at moment 4forate t ii :? same r a ticos comonemersibution of. the
aomonomers in the 30 polymer end-therefore depega on :ha, rofige during the gvnfupcapt
cemenomersReferencethe following a. fiaoreficaideSCl2iDtgradient  cppolymers: T. Pakula &
al.Macromol. Theory Simul. 987-1006 (1996); A. Aksimetiev & al. J. of Chem. Physics 111, No. 5; M.
Jancy J. Polym. Sol., Part A: Polym. Chem. (2000), 38(15), 2767-2778; M. Zaremski, 5
Macromolecules (2000), 33(12), 4365-4372; K. & al.J. Phys. Org. Chem. (2000), 13(12), PoiPrepr.
(Am. Chem- Soc., Div. Polym. 42(2), 337-338; K. Matyjaszewski, Chem. 1: D.C.) (2001), 101(9),
2921-2990. 



10 Maty5 sews 2.1 775-786; (2001),  The monomers which may he used for RI inp folio  Forprecux
pc:I-condensationpolyamides or co polyesteramides polyimides, poly mixture. 90   themonomersused
olyaTddes, polyeste copolyester tones, polyether ke  oppolyme. forprepar) copolyesters, .i.yethers, es,
a.ione or in a    95iloxanes,lone or in a. mixture.  For the precursors oo1vnerizaticn: 30 At Jeasr one 



(meth) acrylic MODOMpr  Is               en e, ci efin, allyor This monomer is select d  particularly from
vinylaromatic monomersas styrene or  acrylic monomers subh as acrylic acid or its salts, alkyl,
cycloalkyl or aryl acrylates subh as methyl, ethyl, butyl, ethylhexyl or phenyl acrylate, hydroxyal kyl
acrylates such. as 2-hydroxyethyl acrylate, etheralkyl abrylates such as 2-methoxyethyl acrylate, al
kox or aryloxy-polyalkylene glycolacryiatessuchasmethoxypolyethyleneglycol
acrylates,ethoxypolyethylenegzycazacrylaths, methoxypol ypro /lege glycol acryia Les
methoKypolyethylene glycollege glycol acrylates, or mi xtures thereof , W amigos.'acrylatessuchas2-
(dimethyl amino) ethyl acgvia (DMAEA) , fluorine-containing acryl ates, si lyicontaining acrylates,
phosphorus-containing acrylates such as al kylene glycol phosphate acrylates, gl ycYgdyi acrylates,
dicyclopentenyloxyethyl acrylages, methacrylic monomers 15 such as methacrylic acid or it.s salts, al
kyirye] alkyl, al kenyl or aryl methhbrylates such as methyl methhcryla (MMA) , or lauryl, cyclohexyl ,
allyi , phenyl. or nhphthyl methhcrylate,hydroxyalkylmothhcryi atessucnas 2-hydroxyethylmethacrylat
eordroxypr 20 methacrylate, ethhralkyl mothacrylates such as 2- ethoxyethyl methacrylath, alkoxy- or
aryla y-polyalkyleh, glycol meahhoryi ates such as methoxypol yarnycana glycol methacrylates,
ethoxypolyeth.y.lana glycol methacr methoxypol ypropyleneglycolmethacrylates, 25
methoxypolyethylene qiycoi-polypropy....ana glycol methatrylates or mixtures thereof., amigoalkyl me
!acrylates such. as 2- (gimethylamino) ethyl methacrylate (DMAEMA) , s_ la 0 r
ne-containingmethacrylat zssuch.2, 2,2- tri fluotoefmyf methacsilyi-containing mat.hacrylatas 30 such
as 3-methacryLoyipropyltrimethylsiz a ,phorgs- contai nin1asP mathacrylatEhydroxyetzmidazoll
gmethacrylate, zmic zol i di nonemefnae,2- (2 -oxo- 



imidazolidinyl)etnylm thahrylate,acrylonit.r11e, acrylamideorsuhstltti.edacrylamides,4-acryloy7-
morpholine,N-methylolacrylamide,methaorylamideor
substitutedmethacrylamides,Nemlolmethacrylamide, 5 methaorylamidopropyltrimethylammonium
chloride(PIAPTAC), methacrylates,dicyclogente ioxyethyl methaorylates, itaconic acid maleic acid
orsalts, mgleic anhydride, alkyl or alkoxye or aryloxypolyalkylene
glycolmaleatesorhemimaleates,vinylpyridine, 10 vinylpyrrolidinone,tat oxy)poly(alkylene or divinylsuch
as(ethylene         ) vinyl ether, poly(ennyiene glycol) ether., ole. flni..c monomers, including ethylene,
hutehe, nd .ehe and 1-c t3ne, diene monomers, including but..Nliene I sop.rene., 15 and
alsofluorine-contolefinic mon= vinylmonomers, including vinylidene fluoride, alone ore mixture of -t
least two af remeht  RI is prefer 20 cooligomer radi With preference, hylpropyi  Oils preferably a
random copolymer with a. molecum as measured by SEC using polystyrene standards of betwee 500
g and 200 000 g/mol, more preferably between 1.000 an 20 000 g/mol, and even more preferably
between. 5000 10 000 g/mol, to give an appi.i.cation of method of the invent ion of less than 10
nmmore 30 particularly less thanThe dispersity of 01, .r a.of the weight-averagr molecular movsea to
the number- average molecular masses,less than 5, morerticula 



less thah 2, and prehiferabl y less than 1  -14- R1 preferably consists of monomers among which
mention may he made of styrene, methyl methacrylat, glycidyi methacrylaMe (CPA), 2-hydroxyethyl
methocrylate (HEMA), methyl amrylate or ethy.l acrylat. Styrene is presenM 5 preferably in the
copolymer l.n molar amounts of from 4013 to 100% amd more preferably from 60% to 65% Accord.i.,n
c to one pre ferred a..mbodlment of one...n.vent random c000symer of the invention 10 2 -methyits
dimethylpropy!Linomnic acid(Pflochuil Arkema), styrene and methyl 4ethacrylate. Thmor40aration
rusing the molecules of 15 invention is applicable to any surface and does not necessitat ticular
preparaMion, as is orcen the case when the desire is to prepare a surface In order to apply to it a
random copolymer for the purpose of a ffuelM: amplicatiblock copolymer exhibi-Moir 20 morphology
over a large surface area,fie f e Cit Tne surface Is conE.ven more. prefer having a native oxide layer
and more prpfe  According to one preferred embodiment of the fnvention, block copolymers applied to
the surfaces tfeated by method of the invemition ame Preferably dibiock copolymer 30 The method of
the invention the molec 1. CC dissolved solvent,byicues PArson, SAI&I as, for exampm  coating,
doctor blade, knife system. or slot die system, although any othbr technique may be used, such. as dry
application, in other words application without involving dissolution beforchanb. 5 The method of thb
invantgon is aimb- at forming a molecular layer of typically less than 10 nm and precferabl less than 5
nm. When the method of the invention is used for preparing surfaces for tha purpose of applying block
cop'cwymer, the mclecul.e ) preferably be a random 10 co-oloymbr of the block. copo will.. be
equivalent.. 



enbrgides with time. two blocks or cop ci ymers subsequent': y app 1i.ed  The methodmay be used M
necessitating control of suilace energy, 'ionofblockcopolymershavi    the gi, yen   nanostructuring, the
irks or of paint, resi stance, of 74c 20 of mliration of inks,  inent of thc printa     of weathering or agel
Locompatibdlity, of prevention ion of the ccof  proteins, of soiling or moulds. Preparationz (initiator 2)
flron. the 55erciall alkox)ine BlocBuildeb(initiator 1): 1 round-bottomed flask purged with nitr ccharged
226.17 g01 c Bui der- MA(initiator (1 equivalent) 30- 68.9 a of 2yl a ylate (1 equivi) - 548 g of isoanal.  -
In- gives297 gofhydroxy-functionalizedalkoxyamine 



(initiator 2) in the form. of a. highly viscous yellow oil_ Example 2: 5 Experimental protocolfor preparing
copolymersfrom initiators 1, 2, 3 or. 4. - Initiator1isthecommercial.alkoxyamine BlocBui1derY1).. -
initiator 2 is the alkoxyamine prerhred according to Example I. - Initiator3consistsofapairofreadents:
azoisobutyroheitrile (AIEN) (1 molar equivalent) and
14-tert-butyl1-diethylphosphono-2,2-dimethylbropyi ISnitroxide (2 molar egoivalehts). _ Treitiator 4 is
azoisohhtyrchitrile (AEBN). 0 Preparation of. polystyrene/polymethyl mothocrylate,
Podystyrene/polyinethyl   met harriy[idi /poiy-2- 20hydroxyetinyi methscrylate or
polystyrene/polymethyl methacrylate4KAryglycidyl methacrylato capol.imers A stainless steel reactor
equipped with a mechanical stigrreir and a jahkot iz charged with toluene, and also with the monomers
such as styrene (S), mothyl methacrylahe 25 (NAM , 2 -hydroxyethyl methacrylohe (HEMA) glycidyl
methacrylate (GMA), and. the initiator. The mass ratios between the different ztyrehe (3), methyl
methaory]ate (1MA), 2 -hydroxyethyi methacrylahe (HEMA) and glycidyi methacrylate (CPA)
monomers are described in Talnim.) 1. The 30 moss charge of toluene is fixed at 30% relative to the
reaction. mixture. TM,, rflaction mistuxe is stirred and  -17- declassed by sparzof nitrogen at ambient
temperature for 30 minutes. The temperature of the reaction mixture is then raised to 11505 (in the
case of the polymerizations carr C) ut in the presence of initiators 1, 2 and 3) or 75C urn the case of
the polymerizations carried out in the presence of ini tiator 4). The time begins at ambient temperature.
The temperature is he.1.d at 115C or 75C thxoughout untii. a monomer conversion of the ordbr of 



are taken at regbiarvaf s in the ]ation gravimetr(measurement..extract). When. the conversi. ono fis
attained, the rea ion mixture i..s cooled (v( 60C and theand rasa IS
monomersareevaporated,undervacFollowing Ccvano rat.ion, methylketone is added tr the  Punt such
as to produce a cope. mass. then introduoe.ci dropw.r.se. into a (.1 a non-solvent. (henorder copoThe
muss ratio bet.iween solvent ketone/heptene) iof the copolf  the fo>rm of a moire powdmfter filtration.
a.g.   4215810/0 initiator 2 0.03 48% 18 760 12 080 18 940 1:  inventive 2 



501501010 initiator 2 0.04 69% 18 930 12 410 20 360  inventive  58/42(010 initiator 2 003 64% 16 440
11 870 18 670 1.4 inventive 4 66134(010 initiator 2 0.03 65% 15 480 11 930 16 900 



1.3 inventive  74/26/010 initiator 2 0.03 70% 15 210 12 060 15 760 1.3 inventive  5803414/0 initiator 2
0.03 57% 17 730 12 87() 18 210 1.4 inventive 8 58/42)010 initiator 2 0.02 60% 



49 020 23 150 46 280 20 inventive  50/42!0(0 )rithater 2 0 01 59% 90 010 36 350 80 270 2.2 inventive
10 58138(410 initiator 1 0.03 58% 14 530 10410 14 560 1.4 inventive 11 74(26,0(0 



initiator1 0.03 73% 15 040 12 280 15 400 1.2 inventive 12 85(15(0(0 initiator 2 0.03 84% 16 170 13
660 17 310 1.3 inventive 14 7402,0/2 5 41143101 2 0.03 73 iO 17 600 14 620 26 490 LI 



inventive 16 74(24/0 initiator 2 0.07 73% 8 380 7 120 8 960   17 74126(0(0 initiator 3 0.03 72% 17 260
12 700 17 400 1.4 irrventive 18 100(0(010 initiator 2 0.07 100% 7 440 



6 710 8 080 1 2 in 14 49/511010 initiator 4 0.02 46% 39 500 23 000 40 000  non-inventive 20
74126(0(0 initiator 4 0.02 64% 39 000 25 000 39 600 16 non inventive  Tafile (a)Determined by size
exclus.ion chromatoaThe 



pn.1.yme.r are dissoi.ved at a aia in TFT Calibration is na.rriecl out using monodasperse no    1.
yatyrene in t.tte copolymer.  _19- Apaxt from the copolymers described in Example 2, the block
copolymer PS-b-PMMA (PS 46.1 kg. moY, PMMA. 21 kg.molb, PDI    1.09) was purchased. from
Polymer Source Inc. (Dorval, Quebec.) and used without suhdeqbent purification. Grafting. on Si02:
Silicon plates (crystallographic orientation {100) ) are out by hand. into pieces meamuring 3 9 4 on and
are cleaned by pirardia. treatment (14.2SO4Ahifik-D 2:1 (v:ini) ) for 15 minutes, M tXien rinsed with
deionized water and dried. in a stream of nftroger) just before functionaiikation. The remaindet of the
pngcedure is as described by Mansky a). (Science, 1997, 1458), with a single modification (baking
takes place in ambient atmosphere and not under vacuum). The random copolymers are dissolvPd in
toluene to give solutions at 1.55 by mass. A solution of PS -r -PMMA is dispensed by hand on to a
freshly cleaned wafer, tben spread by spin coating at 700 rpm, to give a film with a thickness of
approximately 90 on. The substrate is then simply placed on 20 a hotplate, brought beforehand to fhe
deeired temperature, under ambient atmosphere for a variable time. The substrate     ripen wanted by
somimatiok in ri number of toluene baths for a few minutes in order to remove the ungrafted polymer
from the surface, and hhen is dried under a stream of 25 nitrogen. drafting on gold.: The go) d
substrales nsed consist of polycrystalline golo1 and are manufactured as follows: a theeillea layer. is
30 first applied. to an Si surface (100 nm), anCi then ci tie lay2r of chromium (-10 nig) Hs evaporated
OT1 to the surface, and finally a layer of -500 rim of gold is evaporated on to the substficix,  The gold
surfaces are cleaned with an oxygen plasma for 5 minutes, and then the geld. oxddes formed are
reduced by a. bath in absolute ethanol for 20 minutes, and the surfape is dried under a. stregm of
nitrogen Ron. & al., Langmuir, 51998, MIPS). If the use of plasma is not desired, the gold surfaces
may simp-y be washed by sonication in a bath of absolute ethanol]., and then a bath of toluene for 10
rttireJteS, and then. dried under a stream of nitrogen_ The propedure followed for raft.. I.the polymers
on to gold 10 is the same ap that. for the xilica. mdea -6-, Cheracter.istdons: 



The XPS meapumements were carried out on a. personmlised 220 T. spotrometer from VG Scientific;
the spectra. were 15 obtained with. an X-ray source calibrated. to the Ha ray of alumdmium (1486.6
eV). The f'ilm thickness measurements were performed on a Prometrix OV1280 ellipsometer. The
images obTained by scanning. electmon microscopy were recorded on a CD -SEM H9300 from.
Hitechi. 20 Example]: In. thls exempde, a comparison is made of the morphology observed for. the
self-assembly of the cylindrical block. 25 copolymer (PS -b -PMMA) of Example 3 when it. is applied to
an umtreated surtace (rigure iA), resulting -in a parallel orientation of the block copolymer relative to
the surface, or to a sufface treated accorddnr4 to the methed of the invention, using the random
copolymer 5 of Table 1, and 30 leading to a perpendicular orientation of the block coolymer relative te
the morface fEekTare 1B). Example 5:  - In thEs example, a compaholson is made of the morphology
observed for the self-assembly of the cylindrical block copolymer. (PS-b-PMMA) of Example 3 when it
is applied to a. 5 cleaned polycrystalline gold surface buE in the absence of copolymer of the
inwpntion (Figure 274), resulting in a and permwdyflefl14b orientation of thoblock
copolymerrelativetothesurface,toacleaned polychystalline gold surface treated according to the M
method of the inyemtion, using the random copolymor 5 of Table I, and resulting in a. perpondiculah
orientation of the block. copolymer relative to the surface (Figure 2B), or to an uncleaned
poiyetysfElline gold surtabe treated. accordimp to the method of tho In usinp the random 15 copolymer
5 of Table 1, and resultinp in a perpendiculbh orientation of the b ock. copolymer relative to the
surfaoe (Figure 2C). 20 Exampda 6: In this example, 6, comparison is made of the morphology
observed. for. th- self-assembly of the cylirEhmical block copolymer (PS -b -EMMA) of Example 3
when it. is applied to a 735 silicom surface treated accordinp to thp method of the invention, usincx the
random. copolymors 1, 2, 3, 4, 5, 12, 16, 18 and 9 of Table I (Figures 33, 33, 33:, 31, 3E, 33, 31], 3H,
31), for which the composition varies in termb of o'yrenb It w111 bo notod that a maximum' of
perpendicular 30 orientation of the block. copolymor is situated when the. compoblflon f the random
copolymer ln forms of styrene ib in thb :41.hme o 



Example 7: In this example, a comparison is made of the morphology observed for the self-assembly
of the cylindrical block. 5 copolymer (PS -b-PMEIA) of Example 3 when it is applied to a Si licon
surface treated according to the method of the invention, using the random copolymers 11 and 17 of
Table 1. It will be noted in particular therein. that the presence of acid and aUkoxyamine function. in
the copolymer 10 11 of Tab e 1 or the absence of any function other than the       0 Xyarninet CC
03170 yule r 1 1 in Tablee ads t 0 CC)e same result (Figures 4A and 4B). Q. Example f. IS In this
example, an observtion is made of the morphology observed for the self-assembly of the cylindrical
block copahymer (PS -b -EMMA) of Exarciple 3 of the invention when it is applied to a silicon soxfarie
tregted wjth the random. 20 copplymer 19 of Table 1(Fngure SA) or 20 (Figure 5B), resulting in a
parallel orientation of the block copolymer. Example 9: push(  25 In this example, a cmparison is made
of the grafting kinetics of copolymers S and 11 of Table 1, applied to a silicon. surface treated
according to the method of. the invention (9(Piptre 6, hhicknesses normalised) . By normalised
thickness, it is considered. that the maximum thickness 30 attained by each polymer is 100%. -Et will
he neted thaty 2:n spite of the absence of hydrOxyl hflflotion in the copolymer ..C. (PS -r-PMMA), the
same grafting kioei-Mce ere nhserved 44 for the copolymer (5 (PS -Pivlii414. -0141)  Examisle 10: this
example, a.0made of the qmaftirm 5  pics of carol. gee r a 3, 8 and 9 of Table 1, applied to a silicon
surface t ea ed. according to the methoc of the invention. It will be no ' that there is of the molecular
mass on the grafting kinetics (IEI.gure 79. and 74). 10 this exam for the is made 



P. morphology block     15 copoiymer (PS-b-PA Iaupited surface u eared a hC) .f Table Exampie
14ofTable ILIU84T,reou11Lng perpendicular orient..'OCR copo I. limes. 20showsckness orofof
copolymer 14 as aon or the--)ratux  -24- CLAIMS     1. Surface preparation mettbd using molecules
comprising at least one covalent. bont1 which. gives rise to free 5 radicals when the mo".ecu le la
activated tim.D.rmally, by organic or in reduction-oxidation, photochemicaaly, by shear, by plasma, Of
else under tne inrleence of ionizing radiation, said method comprising the following steps: M -
contacting the molecules with. the surface to be treated,  actieating the covalent Pond which gives rise
to free radi.oal.a thermally, by organic or inorgaeic reductIon - oxidation, photochemicaliy, by shear, by
piasmay or else uF) der the influence of ionizing radiation, to form a film N with a thickness of less than
1hum on the: surface,  evaporating,wneeoresentythe.cotobleisation C ispersion solvent. employed for
cortacting ette molecuies 202.14et00)11 according to Claim i, wherein. the covalent ponds wnien give
rise to tree radicals have 4 bond energy of between 90 and 210 kJ/mol,       3,merfacd aecording to
Claim I, wherein the covalent 25 bonds which give rise to frg'r= rc,dirlc: have a bond energy of
between. 100 and 170 14111mol.    4. Method according to Claim I, wherein the amilecule is a
polymer. 30 



n. 111.1) 001 according to Claim I wherein the mo copolymer.     6. Method according to Clain: 5,
wherein the copolymer is a random copolymer.           Methed according. to Claim 5, wherein. the
cop(Mymer is 5 a gradient copolymer.    8. Aethod according to Claim 6 or 7, wherein the copolymer
hds a. molecular. mass of more than 500 g/mol. 100.Metnpo acperding to C18.im a orwherein. the
copoiymer has a molecu _ar mass pa belween 1000 and 20 000 g/mol. 10. Method accordind to Claim
6 or 7 15 copolymer is mrepaied by controlled radical :a iymemization. la. Memhod acording. to Claim
6 orwherein. t comosymea Is prepared My alaroxide controlMed radica po ymeri fat ion . 20    12.
Method according. to Claim 11, wherein (-hr, nitrsmides C) onform to the tor=11.a. below:    whil.n:a
the raciiea has a.1110 r e11 a TI 3015.0342.  - 26 -  N-tert-butyl 1-phenyl-e-miethylpropyl ndtroxide,
N-tert-butyl1-(2-na. hthyl)-2-mbthylpbopyl nitroxidb,             N-tert-butyl.
1-diethylphosphono-2,2-dimethylpropy13 5 nitroxidb,          N-tertbbutyl
1-dibenzylphosphono-2,2-dimethylpropyi nitroxide,      N-phonyl1-ddethylphosphonb-2,2-dLhethy
nitroxide, - N-phbnyll-Thethylphosphono-l-methyiemsy 



nitroxide,  N-(1-phenyi-2-methyipropyl) 1-d1ethylp6o0p0olao-l- methylethyl nitroxideg
4-oxis-2,2,6,6-tetramethyl-1-pipgiddnyi74xy, - 2,4,5-tri-tort-butylphexoxy.    LL Method according to
Claim 13, whereln the nitroxide is 14-text-butyl 1-diethylphosphono-2,2-dhmethylpropyi nitroxide.     .5.
Copolymer used for UTIplement.ing thr, method accordghg to Chaim 1, characterized by the pxoducX
of synthesis of methyl metilaaprylae, of styrene and of 2-mothy1-2-
Ni-tArtbutyl-N-(diethoxyphosphoryl-2,2dimethylpropy ) inoxyl- us prodionic acid.    15. Method
msscording to any of Claims I to 14, whreln the suxface is mineral 3017. Method according to any of
Claims I to 14, wherein the surface ls metalLc.   18. Method according to Claim 16, wherein the
suLface 3 t silicon.  27-     19. Method according. to Claim 17, wherein the surface is gold.     20. Use
of the method according to any of Claims 1 to 13 5 for controlling the structuring of block copolkimers,
enhancing the printability of inks or paint, the wettaPdlity, ttle weathering or ageing resistance, the
adhesion, the biocompatibility, the pre0bntion of nPi..gration of inks, the prevention of deposits of pro;
e.ins, of soilinQ. 10 or of moulds. 


