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 ioniziig radiation. M The invention 51 .30 relateg 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, butithe:imventicn alserallowsthe L5 tseatment 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 Inks, and the prevention of
nanostructuring;«of hdockicoenlymerg:1.0e plectrarri=«Q) H.ofy'eoPiect=14(Er-Hcqds now well:iknown.
Itispossible more, partlch ularlytostnniturethe 25 axrangement of the blockb constituting. the copolymers
on sea. .es of smaller than 50 mm. Toe desireu structurlng (for exampfe generafnon ol perpendlcular
to rne sur{ce)ynowever requires toe30 prepamaMiom of the: suhntrate: to:which:the blochgopolymer
iC) amplied, far.the, PUrpose of, Qongnwng the syp‘acem nergy, ;Among the poseibliities that, are known,
a rdndom copolymer is applled to the substxate i being. possible for the monomers of said ’
copolymer to b&whoer paiy identical witirl! tihose uséd in the block copolyiner. itis desired to apply.
5 Moreovor, if;ithe wish. is to preventy. for. expmpl -the diffusion of thp random copolymer, it. is
preferable to graft and/or crosslink 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 gnd-tfe.copolymer. CrOSS, inklng meanshe, presence gt a 020 ral |.y-0 IE boudH between
the. copolymer chains. Pfd or art: 1 5 Among. thp various p055|b|d|t|es used for orlentlng the
morphology. 6f El'bicric COpOIjMer On Eltuftanes aluytat 68 a7 randomc PMMA/PS ¢opolymer is
antoliod beforehand to the surface. Mahsky.et.alinScienee,Vok, 275;pages1455-1460.20, showed that
a. rdndom poly(methyl methautylato -Co styrene) (POMP' 7) copolymer funcrionellsed by a. hydroxy
function at thc; e04i0 efid S&lows effeéctiv(t grafting of the’cbpoiymer-tfithe ¢2hrfacit, The alithomp
attribute the grafting capacity,of fnese:coeosymers to.the presence of the torminal hydroxyl group
origjnatin&gfrom the initiator; this con _|tutes e dondenefor-lou grde; .1 00 mochantsm, which .13 1101:
very effective fron fhe stan(fpomt €y: reffrnheraruré Al FHimes fhat are” regnstreft ryrétea ey 24 te
48 hat 1405 30:ks or of paint, the wettability, the weathering or ageing
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energy. Among the possiblliities that are known, a random

copeclymer is applied to the substrate, it being possible



frosst-Hsn uf the methyl met li) 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 drawbaék,since one ideal. S composjl-Hoi or the rwndom
cmpolymer must ej- exactly in order for the interface energies with the PS and wilM the
PMMA to be toe same Vcnen the composition. of the. random copolymer changes, the aut.::nor c
showed that & P18 =Rf:dil-cbpoiymer maymf: phoicpring whichb are ciee.ndention compesit the random
copolymer. It. is therefore possible ta chance the marnh.oiogy of the di.elock copolymer in the event,
of incon ency of the MMASSTY i of theran RAT1 cd'slymer. 15 Moré rioc tertam a(Maci-
atMacrsmoleya: :2008;9090Magrc?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 Ifseitplurality of functhonaliflee such as hydr 7i
or es;this tas&ptheccopolymetr. . urfunctions on. the surfacein: thh 25.case ofhydrbxyl) and<also
orossiinked at, the syrfage (in-the gase of epoxy)- ationUs 20090186234cans Her, crosslink Adv.
Mat., 2009, ube'ink ' A

araft and/or c¢rosslink the copoilymer on  the suriace,

through the use of appropriate functionmality. Grafting

means  the formation of & - a covalent bond, for
1 exampis - Detween Lhe  substrate  and the copalymer.
Crosslinking means vragence ¢i oa prurality of  bonds

petween ithe copolymer chalns.
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styrene (MMA and STY Foa
random  copolymer  with are



the ranciern cocci. yrnar Thiis alsc: rous art.i.oies, including 6-4300;et US 20090179001. With _kers,
or are wl.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 givén 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 aﬁe:ﬂSe’d i$:40 possibleterremoveithe random copolyiner wh: ichlis%t., a distamce
from the surface, % gngratteq by the Weshlng of tlh%e&e)urtace W.C th an\_leppjroprlate eolvent for
example. There ore ollowing removh - of this excess of copofymer ‘the initia: surface t topography is

regarned the‘surface”in Isat»h@ gase bem@ sMo*speakyoohfonmmgleAIthonghothe abrpro*aches

electronics at collmetltlve cost 25 Furthermcre theseapproachesrequrretlmesor temperatures
necessary for thegtaftirig ‘@hd/iorerodslinking of the rafidsmrcopolyiiets, that are sften prohibitive on
an industrial scale.;30 Morepver, the si.crfaces.ireated.with the random,copolym.ers .

must, bebeforehand in accordancespecm C prcti.s, anc.1 occ.sccmpj.ica.t.es ) procedures The
applicant has oW fétind-that the'furctionalézed ot ‘donfuiietibReliz&d moleétites Which c4irya covalent
bond whigh ig.able te give-rise tofree radicalsmay 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 crosSiinking timés, & on thesurfate of'f.he Substrats: Tication of block copalymers
controlled anddegulan gver-whigh ayeidsithe jaberieus -beforerbeing apflied therete,smmisreus

surfaces of different ant has also observed excellent o o , ,
in the event of inconsistency of the MMA/STY fraction of

the random copoilymer.
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introducing -~ no longer at the c¢hain end but within the
random copolymer izseli - a plurality of functiconalities
such as hydroxyi cr epoxy. In this case, the copolymer iz
grafted by a plurality of functions on the surface (in the

25 case of hydroxvl) and also crosslinked at the surface (in
the case of espoxy).




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 filnt 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:electiAtd-ally netrah¢hemicalas:5rembly of.at Ieastitworatoms ¢connected to one
another by RS 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. igomer or at. 16aAt one polymer 20°6r mixture
ti:e.reoil. More precierably; theaas, semblies inrguest.a.on@are hdmopel-mersiomrandom), block,
gradi..ent coml ¢ 0 clymers with a,. molecRiawby weight, ?%%Sgl_r d byn.chromntogrwphy (350), of
more than c per. mole. The’homopolymers or cApo’.Useg in the meof the invelon mayobtainea.any
ondensaRiongcringzopening polyaerization,xaniofic polyni:éri ramdlon oftadical polynsati ration,. led or
not When the copc.ymers are. 30 prepared -y rac.,ca, polymerizatian or.ce. lor rizatign, s process
may he controlled by any known tecl , such as NMT (Nitroxide MediaRed Polymerization), RAFT
(Reversible Addt fi.orPand Fragmeritation Transfer), ATRP- (Atom TrafsferrRa dishiould  be
calPolymerization),INIFERTERnidiator; Transfer Termingtion), RIILR (Reverse.lodine Transfer
Polymerization? or ITP (lodine Trénsfer_ Polymeriza don). Preference will he given to thoﬁe )

pdywmﬂzaﬂoWhﬁkE§§§§lYm@fg which are not crosslinked are used, 1t is
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Il peossikble o remove the rvandom copelymer which is  at  a

i

distance from the surface, being ungrafted, by the washing

&

of the surface witn an appropriate solvent, for example.

Therefore, following removal of fthis excess of copolymer,

the initial surface tLopography 1s regainad, the surface in
15 this case being, so to speak, conforming.

Although the aperoaches previously described  in the

literature do allow certain controls over the orientation

of a bilock copelymer on a suriface Treated with a random

copolymer, a limitation is apparent over the extent of the
20 surface in question. This limits the industrial
applications for the purpose of obtaining large suriace
areas ¢f organized block copolvmers, allowing in particular
the production of materials for slectronics at competitive

Cost.
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Furthermore, these approaches require times or
Lemperatures, necessary Tor the grafting anda/or
crosslinking of the random ceopolymers, Lhat are often
prehibitive on an industrial scale.
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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:
Rl A R2 a covalent,CiVe9 rise to free radicals, a bond en ercy 09 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 CNO(1 ) 111 0 1711-Mn.li cal. P.7 has a. nomass
of more D342 g/alml 30as g:ahlqri e, hromi.ne or io irge}l,a% s%géat mi Q,Eynsqed,wli(near,_brantehe,cyclic-

e a Prcant nds now TOUnd,.Loa - RER Y= QX o .
hydrocarbon. group &lich aS an a ayl or |§J”fjheﬁi}ll radical; or an es eurngrouff?CfOOzRa.S?f)ﬂrov?ﬁﬁed that it.
has a. molar mass of. more thani15.0342::The radical:R 1% whicheis monovatent fisrsaidwtoi bé in
position relative to, fhe nitrogen ator of the pitroxade radical, The remaining viencies of the garbon
atom and of '

5 substitutea for the copolymers used in the prior art,

Agedus.

whether crosslinkable or not, and have numerous advantages,
such as very rapld grafting or <crosslinking times, a
regularity of dispersion on the surface of the substrate,
allowing the subseguent application of block copolymers

1 with & morpholcogy which 1is control

led and regular over

large surface areas, and which avoids the laborious
ing applied thereto,

surfaces of different

the molecules, and
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orientation, while retaining the topography of the initial
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Summary of the inventio
25 The present nventicn relates to 3 surface preparation
methed using molecules comprising at least one oovalent

bond which gives rize to free radicalsz when the molecule is

activated sy inorganic reduction-
oxidation, photochemically, by shear, by plasma, or =lse

30 under the influence of radiation, said method

surface to be treated,



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 | 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-azRtO a# mass of betweeh .46 and 450 g/mal.As.an;example;:the radicaliRs:may be a
radical comprisinq aaghospfory[ rqup it being possikgle; for said radical PI, to be represented by the f
ormu : 20 3 p{R) in‘Which R3 and R4, Which ‘maybé identical or di. Xérents. mé?%uecstefﬁf%xted from
alkyl, cycloalkyt'ial koxy raryloky; aryl; aralkyoxy, Per fluoricatky) ands/axalkykradicals andig30 may
compri:se from HQ TZO%qgﬁngpnagtﬁnmg,ﬂ R- %r;dlqrp%&4 may aisoﬁpL% ﬁajrg)a,!oge%nc\atgr& squ as. ﬂghlorima
or bromine or fiuorine or iodine atom. The radical. RT may also compriée - the ndphthyl radical, and
the latter fadiealimay: bé 'substitated, for example by ranldlkylinragical comprising.from 1rte 4acarbon
atoms. 5 More }pgrtggmiggx%f)e alk.oxyamines derived from. the following stable radicals are preferred:

e

- evaporating, when presant, the sorubllisation or
dispersion scolvent employed for contacting the molecules
with the surface to bhe treated.

Detailed description

By molecules are

any eiectrically nevtral chemical
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agssembly of at least two aitoms connaected Lo one another by

i5> 2 covalent bond. This may be at least one small molecule,

at least one macromolecule, or a mixture of molecules and
macromoleculas.

b i prelerably at  leas one macromolecule, and Ore

particularly at least ocne olligomer or at least one polymer

2 or mixture therect. More preferabiy, he assemblises in

question are homopolymers or random, block, gradient or

coml copolvmers with & LA mass Dy welght, measured

Dy size exclusion chromatographv (S5, of more than 500 ¢

per mole.,
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homopolymers or copolymers used in the method of the
invenptlon  may  be  obtained Dby any  routbe, including

e

polycondensation, ring-opening polymerizaticn, anionic or

cationic polymerization or radical polymerization, the
la being controlled cor not. When the copolymera are

3 prepared by radical polymerization or telomerization, this

process may be controlled by any known technigue, such as
NMP (Nitroxide Mediated Polymerization), RAFT (Reversible

Addition and Fragmentation Transfer), ATRP (Atom Transfer



N-tert-butvl I-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-phenyll-diethylphosphono-2,2-dimethylpropyl 15 nitroxide,
N-phenyi.1-diethylphosphono-I-methylethyl. nitroxido, N-(1-phenyl-2-methylpropyl)
1-diethylphosphono-1- mothyleth I nitroxide, 70- 4-ox0-2,2,6,6-tetramethylbl-piperidinyloxy,
2,4,6-tri-tert-brityiphenoxy rEurtherito theit band energy; theralkoxyamines used inreontrolled radical
polymerization must aIIQW efgectige!JJ];S fﬁ{nr\ol of the chain se%xqr]coetqil th}gﬁmongmjeﬁrsﬁ. Thus, they do
not all allow effetiive control of certain mondmers. or'examplé, thé ‘aik.oxyamines defived. from.
TEMPO do notallowrcalitroli of more tharnt a timitedynumberafimonomers, the same being true for the
alkoxyamdbes, derived from 2,2,5- 30 tmimethy1-4-phenyl-3-azahexane 3-nitroxide (TIPNO).

o

Conversely, other alkoxygmines defived-from nitroxLeles con forming to the formdia (1) especially
those derived-from mitraxides conforgibg to the fernsula. (R} andomote particularly those derived from

N-tert-butyl 35 1-dietylphospliono-2,2-dimothylpropylnitroxide,aliow, ; controlled.radical polymerization

to he e en. ed to a large nimber of monomers. I(/I'o‘reover, the opening temperature of th.e”
a.lkoxyamgxésyalso affects theleconomic feicter: The ase ofhtow temperatures ¢ wilk be preferred in

order to minimijze the. jndustrial difficylties, Preferenceerefore be giyen tq the alkoxyaffanes derived

from nides conforming to the form(1), especially those deDMI the ni roxides
The moleculies used in the methoed of the invention

W0 correspond ©o the following general formula:
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A z1s a covalent bond which gives rise to free radicals,
ot b . i - o ey - T g b Ty £ e v Is R R T P Jp—
wilh a bond energy of between 90 and 270 ki/mol  and
I W BN 3 F, eV e nd TRy 3 oy e g O e . T
preferably between 100 and 170 kJ/mol, at 25°C, measured
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15 ccording Lo technigue described by Kerr, Chem. Rev.
fag pi
ah, A65-500
The bond in guestlon is preferably z carbon-oxyvgen bond of
the kind found in alkoxyamines,
20 More larly, the alkoxvamines derived Ifrom the stable

§ B | EE o - o pm pmy ~ 3
Tree radical (1} are oreferrved,.
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I this formula, the radical By has a molar mass ¥ more
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30 =such as chlorine, bbromine or dicodine, & saturated or

unsaturated, lineay, branched or cyoelic hydrocarbon groap

.....

such as an alkyl or phenyl radical, or an ester group -COOR

or an alkoxy group -0OR, or & phosphonate group -PO(OR) 2,



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- ¢ hexane 3-nitroxidePONO). andat least two atoms
which are di f fer:en t or 15not. Pre rarah.t y,Rland 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 g/ ioly and, for P2, a molecular. group wfth a. mass < 1000 g/mol gradient
copolymarmaans-a.capdlymer o.f at least tva:25monomers:whichr is abtained -ganzarally by.er
pseudo-living polymerization. By virtue of thbse methods of polymerization, the polymar chains grow
simultaneous %djfhbrefﬁiﬁe at‘moment Aforale’tif 7 dame r a ticos cohdnenersitiution’df. the
aomonomers in the 30 polymer end-therefore depega on :ha, rofige during the gvnfupcapt. .
cemenomersﬁgfé;reéril'é"éﬁ)he*beIB\i\'/Fnﬁ’a. ﬁgoréf?éaidzé's%crlfi(f)?éiraélljégralf“ cpﬁbly%é&fs: T P’gﬁ%é%
al.Macromol. Theory:Simuln987-2006 (1996) Al Aksimetiev & ald. of-Chem. Physics:11l, No. 5; M.
Jancy J. Rolym. Sol,, Rart A: Polym. Chem. (2000), 38(15), 2767:2778, M. Zaremskj.5

N L1 L7 Lo toiges ]l L G L i3 415 L DNHIY T A ik € OIS ICe] t,f‘ﬁ'
Macromolecules (2000), é§(12), 4365-4372; K. & al.J. Phys. Org. Chem. (2000), 13(12), PoiPrepr.
(Am. Chem- Sé¢. Dive Palymi 42(2), 337-B38: K. Matyjaszewski, Chiem. 1: B.C1y (20013, :20%(9),

2921-2990. radical  such as  an  alkyl, or arylalkyl radical
comprising from I to 10 carbon atoms. Tt i3 not impossible
for the carbon atom and the itrogen atom i the Iformula

0 (1Y o be joined To Lent radical, a0
as Lo form a ring. the remaining
valencies of the carbon atom and of tThe nitrogen atomrm in

the formula (1) are bonded to meonovalent radicals. The

radical Ry preferably has a mclar mass of more than
15 30 g/mol. The radical Ry may for example have a molar mass

ol between 40 and 450 g/mol. As an exanmple, the radical Rs

may ke a radical comprising a phosphoryl group, 1t being
el INs 1 IS oy oot ramdioa ‘ 12 oy bp TS e oy T e }:\ < t Ty o
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in which R¥ and R%, which may be identical or different,

Trom alkyl, cyclealkyl, alkoxy, arvioxy,

perfluorcalkyl and arvalkyl radicals and

- R N . : =4
to 20 carpbon atoms. RY and/or RS may




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

the naphthyl adical, and the latter radical may be

substituted, for example by an alkyl radical comprising

tfrom 1 to 4 carbon atoms.
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the alkoxyamires derived from the

tollowing stable radicals are preferred:
= N-tert-butyl l-phenvi-Z-methvipropyl nitroxide,

- MN-tert-butyl i-{Z2-naphthyli~-Z-methylpropyl

nitroxide,
10 - N-tert-butyl Il-diethyliphosphono-2,2-dimethyipropyl

nitroxi O.C

- N-tert-butyl l-dibenzylphosphono-2,2-dimethylpropyl
nitroxide,

Z—dimet iy

;2 Jloropyil

- N-pheny! 1

lphoschono-2

LN
.

it roxide,

- N-phenvyil tethvlphosphono~i-methylethyl
nitroxide,

- N-{(i-p

osphono-1-

wenyl-2-methyloropyly l-dieth
methylethyl nitroxide,
20 - d-oxo-2,Z, 6, 6-tetramethyl-l~piperidinvloxy,

- Z2,4,6~tri-rert-butylphenocxy.

bond energy, the alkoxyamines used in

Dolymerization

allow

]
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of the chain sequence of the monomers. Thus, they

do not all al control of certain monomers. For

example, the alkoxyamines derived from TEMPO do not allow

control of more a limited number of monomers, the

conforming To the formula (1}, especially those derived

from nitroxides conforming to the formula (2) and more

particularly

(WS]
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(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 &brylates such as 2-methoxyethyl acrylate, al
kox or aryloxy-polyalkylene glycolacryiatessuchasmethoxypolyethyleneglycol
acrylates,ethoxypolyethylenegzycazacrylaths, methoxypol ypro /lege glycol acryia Les
methoKypolyethylene glycollege gtycol acrylates, or=mii xtures:-theteef:; \Wramigos Jactylatessuchas?2-
(dimethyl amigg){ﬂ%tgyl gggvrj% I(‘IIC))I(\n/lg\?EiA) , fluorine-containing acryl ates, si lyicontaining acrylates,
phosphorus-containing acrylates such as al kylene glycol phosphate acrylates, gl ycYgdyi acrylates,
dicyclopentenyloxyethyt acrytagesmethacryliermenomers=1%5 suchhas methacrylic acid orit:scsalts, al
kyirye] alkyl, al kenyl or aryl methhbrylates s,fu,.gh?,a\s\metﬂ | methhcryla (MMA) , or lauryl, cyclohexyl
allyi , phenyl. 6? ﬁﬁ%ﬁtﬁyl ‘")réé'thFi’érgféét{é;iﬁydréi);élﬁgIr"not %(éryf‘ét%ss%@nys\) -hf]dfﬁ%(cig%fy[ﬁ%e”tﬁacrylat
eordroxypf 20=rhethacrylate,rethhralkyl mothacryldtes such as2: gthoxyethylemethatnylath; alkoxy- or
aryla y-polyalkyleh, glygal meahhory ates such ag methaxypel yarpycapa alycol methacrylates,
ethoxypolyeth.y.lana glycol methacr methoxypol ypropyleneglycoklméthaic"’ryla’tés,'25 T
methoxypolyethylene giycoipolypropy’canalglycol methatrylates or piixtiires thereof, camigoalkyl me
lacrylates such,,as,2; (gimethylamino).ethyl methacrylate (DMAEMA). 81307 i ¢ ro5cs ges
ne-containingmethacrylat zssuch.2, 2,2- tri fluotoefmyf methacsilyi-containing mat.hacrylatas 30 such
as 3-methacryloyipropyltrimethylsizea ,phorgs! tontal ninkasP mathackiatEhydroxyetzimidazoll
gmethacrylate, zmi¢ zokidinonemefnae, 2- (2 :0X0- 1y ,+ w1 1-dierhvig

1 phosphona-2, Z-

dimethylpropyl nitroxide, to those derived from TEMPO o
2,2, 5~trimethyl-4-phenyl-3~arzahexane 3-nitroxide (TIPNO).

—r

Bl and RZ2 are at least two atoms which are different or
15 not.

Praferably, Rl  and R2Z may e small  molecules, o

macromoieculas., When they are macromoleculss, R1 and R2 may

be an oligomer or a polymer. More

in guestion are, for R, homopolvmers or r bhlock

200 gradient 31 comk CORGLYMaDs, #ith a molecular mass,
measured by 5EC, of more than 500 g/mol, and, for R2Z, a
molecular group with a mass < 1000 g/mel.

A gradient copolymer means a oopolymer of at least Lwo

3]
Lh

monomers which .3 obtained generally by living or pseudo-
living polymerizatlion. By wvirtue of these methods of

polymerization, the polymer chains grow simultaneocusly and

Cherefore at each moment Ilncorporate the same ratioszs of
COMONOMErs. distribution of the comonomers in  the
36 polymer chains therefore depends con the profile, during the
synthesis, of the 0 conoentrations 3 he
comonomars. Reference  will  be following

~yr 1 g s L ey o £ ey = g - S
DAL LY g LT &3 e
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imidazolidinyl)etnylm thahrylate,acrylonit.rl1le, acrylamideorsuhstltti.edacrylamides,4-acryloy7-
morpholine,N-methylolacrylamide,methaorylamideor
substitutedmethacrylamides,Nemlolmethacrylamide, 5 methaorylamidopropyltrimethylammonium
chloride(PIAPTAC), methacrylates,dicyclogente ioxyéthyl 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 cop)vinykether, polyfernnyiene glycal). etherscoterdini..c maromers Sineluding ethylene,

hutehe, nd .ehe and 1s¢ t3pe, diene monomers, including but. Niiene | sop.rene,, 15and .
alsofluorine-contolefinic mon= vinylmonomers, mcfuc?’lng vmy?ldene fluotide, al6ne ore’ mixturé of -t
least two af remeht Rbis prefer 20icooligomier fadi With preferende; hylpropyir Qilspreferably a
random copolymer with a. m m as measured.by.SEC using polystyrene standards of betwee 500
g and 200 OO(%/ %g}{ more pg;}!éegébl'y bet\NLeS{-:-%r??l.fjgd%h 20 O%O g/f%bi%%ﬁﬁléven rr?gfr)re préferably
between. 5000:10-:000 gAnol; to give @n‘appi.i;cation: of method bt the inentien of tesstharn 10
nmmore 30 particylarly less thanThe dispersity of 01, .f a.of the weight-averagr moleculat moyvsea to

the number- average molecular masses;less than 5, morerticula

FPolym. FPrepr. [(Am. Chem. Scc., Div. Poiym. Chem.} (2001},
422y, 337-338; K. Matyiaszewski, Chem. Rev. (Washington,
CoCoy (2001), 103(9)y, 2921-29%0

0
The monomers whicn may  be used for BRI include the
following
For the Rrecursors of polymers anc copolymers by

15 polycondensation: the MONOmers uzed for DIreparlng

polyamides or copeolyamides, polyesters or copolvesters,

polyesteramides or copolyvesteramides, oolyethers,
polyimides, polyketones, polyether ketones, alone or in a

mixture.

For the precurscors of polymers and copolymers by anionic or
cationico polymerization or by ring Crening: vinyl,

vinylarcmatic, vinylidene, diens, olefin, alivl or

(methlacrylic monomers, lactones, carbonates, lactams,

]
(¥,

lactides or glycolides, oxazolines, enoxides,

cyclosiloxanes, alone or in a mizture.

FriY IS T U . T SV ey el 1
For LHe Drecursors 0 DOLYVIeYs ant COopolyimers Dy Al i
[ole] WMLz ation

30 At least one wvinyl, vinylidene, diene, olefin, allyl or

s = led more

(meth)acrylzc monomer. This monomer

styrene or

vistyrene,



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.| acrylat. Styrene is presenM 5 preferably in the
copolymer I.n molar amounts of from 4013 to 100% -dmd 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. Thmor40Oaration
rusing the moteculesiof IScinvention istapplieable 4@ ahy suHfadeiand does netnecessHatticular
preparaMion, as is orcen the case when the desire is to prepare a surface In order to apply to it a
random copolyrer or thé purpose of a ffuelM: amplicatiblock Gopolymér exhibi-Molr 20 mérphology
over a large strfage area;fie f:e CitEne Surface/lsaconkE.venimore.zprefer havingia nativezoxide layer
and more prpfe. According to one preferred embodiment of the fnvention, block copolymers applied to
the surfaces t?e”ate% by rﬁ%t)hgoﬁ%fl e invg'f'n’?t'i'o'rtlB i’;ifne%r’tgféfréldb%§/< tibiock copolymer §%(LT{F1e method of
the invention thenmndleed.<CO dissolved solvent,byitthies PArson, SAI&ll as; fopexampmy ceating,
doctor blade, kife, systerg. ar sigl.die sysiems, althoush any by teefpique, may be uggd, such. as dry

application, in"other words application without involving dissolution beforchanb. 5 The method of thb

invantgon is aimby afforming a molésular layer of typically less than ko rm and precferabldéss than 5
nm. When the, method, of the invention is used, for preparing.surfaces for tha purpose of applying block

¥ o=

cop'cwymer, the mclecul.e ) preferably be a random 10 c'o-o‘loymbr of the block. copo will.. be

r mixtures thereof

viates

equivalent giycol-polypropyiene glyool acr
10

’

r

phosphorus-containing acrylates such
as alkylene glyvcol phoesphate acrylates, glyoidyl acrylates,

dicyolopentenyloxyethyl acrylates, methacrylic  monomsars

(¥

such as mebthacrylic aclid or idts salts, alkyl, cycloalkyl,

alkenvl or aryl methacrylart

such as methyl methacrylate

]
I

(MMA) , or lauryl, cyclohexyl, allyl, phenyl or naphthyl

methacrylate, hydroxyalkyl methacryiates such as

’ J 3 st s e S S N TP - I S ¥ ey i
Z-hydroxyethvl methacrylate G s-hvdrorypropyl
ﬂ'{} e T oo e e o }’\ ol kgt ryyem i oot ] et ey e = -
“ MetTilalryoane, ciherai<y. methacrylates S0 (=R £
+ Py v s | W SN e [ S - . v} B VU e B e
etheryetnyl methacrylate, alkoxy- 0f aryioxy-polvalkyle
H b o= 4 s e b . Tonrpmd by 1o T
giycol methacryliates szuch as methoxypolyethyvlene glyoo

methacrylates, cthoxzypolyethylene glyvool

methoxypolypropylens giycol methacrylates,

a2
A

methoxypolyethylene giyeol-poelypropylene glycol
methacryliates or mixtures thereof, amincalkyl methacrylates
such  as Z-{dimethylaminc)ethyl methacrylate (DMAEMAL,
flucrine-containing methacrylates s1eh as 2,42
trifiucroethyl methacryiate, silyi-containing methacrylates

30 such as  J-methacrylovlpropyltrimethyls:




enbrgides with time. two blocks or cop ci ymers subsequent’: y app li.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-furictiohatizéddlkoxyamine t hacrylate, acrylonitrile,

acrylamide or substituted acrylamides, d~acryvioyl-
morpholine, N-methylolacrylamide, methacrylamide or
substituted methacrylamides, N-methylolmethacryiamide,
5 methacrylamidopropyltrimethylammoniam chloride (MAPTAC)Y ,
glyoidyl methacrylates, dicyalopentenyloxyeitnyl

methacrylates, itaconic acid, maleic acld or i

salts,
malelce anhydride, alikyl or alkoxy- or arvioxypolyalkylene
glycol maleates or hemimaleates, vinylpyridine,

1 vinvlipyrrolidinone, falkoxyipolylaikylene tyecol)

Ccr Jdivinyli etnerg,

vinyl ether,

ic monomers, inciuading

Ty A s e P e L Y T
LeCrene, diene monomers, inoluding put

vinylidense monomers, including

or o in oa mixture of at loast two aforementioned monomers.,

20

kY ois

COXRY Qroup.

hylphosphono-2, 2-

Rl is preferably a random copolymer with a molecular

25 as measured by vsing polystyrene standards of between
500 g and 200 000 g/mol, more preferably 1000 and
20 000 g/mel, and even more preferably betwesen 5000 nd
16 000 g/mol, to give an application of ¢ r by the

method of  the invention of less  than 10 nm and more

W particularly less than 5 nm. of
ratic of the weight-averags molecu tle

average molecular mass

3, more part

S

ltess than 2,




(initiator 2) in the form. of a. highly viscous yellow oil_ Example 2: 5 Experimental protocolfor preparing
copolymersfrom initiators 1, 2, 3 or. 4. - Initiatorlisthecommercial.alkoxyamine BlocBuilderY1).. -
initiator 2 is the alkoxyamine prerhred according to Example 1. - Initiator3consistsofapairofreadents:
azoisobutyroheitrile (AIEN) (1 molar equivalent) and '+ -
14-tert-butyl1-diethylphosphono-2,2-dimethylbropyi ISnitroxide (2 molar egoivalehts). _ Treitiator 4 is
azoisohhtyrchitrile (AEBN). O Preparation of. polystyrene/polymethyl mothocrylate,
Podystyrene/paolyinethit - aiet harriyfieli fooiy-2+ 20hydroxyetingimethserylate onention may
polystyrene/polymethyl methacrylate4KAryglycidyl methacrylato capol.imers A stainless steel reactor
equipped Witﬁ)g meg%gr%ical é’t?grrel’f' éﬁabé%hkot iz charged Wi%ﬁ?%lﬁé'r{éf%f i

nd’ also With the monomers
such as styreme {8)'mothyl-methaciylahe 25-(NAM g 2v-hydroxyethyt methacrylohe (HEMA) glycidyl
methacrylate (GMA), and, theinitiator. The mass ratios between the different ZEMEeh%_(;%? methyl
methaorylate (1MA), 2 -hydroxyethyi methacrylahe (HEMA) and glycﬁyl methacrylate (CPA)
monomers argdeseribéd in Talnimg 15 The 30moss chargeiof toluenetis fixéd af 0% relative to the
reaction. mixture, ;TM,, fflaction mistuxe.is;stirred and ;1,7- 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 polymerizgtions garried.qutin the.presence of initiator 4),. The time begins at ambient temperature.

Pt e

The temperature is he.1.d at 115C or 75C thxoughout untii. a monomer conversion of the Qrdbr of

oy s [, = PR RN S 1w N i R,
rangom OO Ly me v [N e ANVEnT L On 15 ressaraed wWith

i-tert-butyl-N-(diethoxyphosp -
Iyaminoxyl propionic  acld der M -
Arkema), styrene and I methacrylate,
fne surface preparation method using the molecules of the

15 invention 1s applicable Gto any surface and does not

necessitate particular preparation, as is often

when the desire iz to prepare a zurface in order
to it a random copolymer for the purpose of
ion of o block  ceopolymer  exhibiting a  regular
20 over a large oe area, 1O tePacts
The suriac mineral and more preierably 54
Jels! ranly, he surface s oL silicon
g oa yer
25
According to one preferred embodiment of the invention, the

lock copolymers applied to the surfaces treated by the

method of the invention are prefarably diblock copolymars.




are taken at regbiarvaf s in the ]Jation 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.tse. 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

coating, doctor blade, knife system or slot die system,
aithough any other technigque may be used, such as dry
application, 1in other words application without involving

ails

0y}

tion beforehand.

The method of

L)

the invention is aimed at forming a molecular

rhan 10 nm

layer of typically le

5 nm. When the method of the invention

for &©he purpose of applying bklock

copolvmer, will preferably Dbe a random

1 copolymer Lon energies wibh 1
block copolymer or copolymers subseque

equivalent.

T JERE TR £ & Fa. S, s 1ol T
ihe method of the i vion may be used ir
15 NeCeIZIZrTacting CONT o oF surface cherldy,
SDo L 1oation O 1o
e + D ey
ManosTruCturing, e
" -y P £
LS O O paint, of
O [0y OI mrevernsy
W @t miaration of inks. or of srevention of She demosd 0 oon o f
£ G MIJgratron Ol LTRSS, O O DraveltT il O e deDosSiLIon O
- X
p o oy o "y m H
EroTeins, O¢ O omouLan
raltlon &

Z4) from the commercial alkoxyamine

(2]
A

o 2
e 18

nitrogen 1S

(inltiator i3

couivalaent)

30 - 6B.Y g of Z-hvdroxyethyl acrylate (1 eguivalent)
- 48 g of 1

The reaction mixture is heated at reflux (80°CY for 4 hours




501501010 initiator 2 0.04 69% 18 930 12 410 20 360 inventive 58/42(010 initiator 2 003 64%

11 870 18 670 1.4 inventive 4 66134(010 initiator 2 0.03 65% 15 480 11 930 16 900

- 16

glves 297 g of hydroxy-functionallized alkoxyamine

(initiator 2) in the form of a highly viscous vellow oil.

commercial

~
—
-
-
y
1
o
o
"
—
id
~t
o3

%]

sobutyronitrile

ethyl methacrylate,

MeThe

20

b
L4y

{GMAY  monomers

o toluene at 30% relative to

P foes nEe e e o ol . -3
xture 1S stlirred  anad

16 440



1.3 inventive 74/26/010 initiator 2 0.03 70% 15 210 12 060 15 760 1.3 inventive 5803414/0 initiator 2
0.0357% 17 730 12 87() 18 210 1.4 inventive 8 58/42)010 initiator 2 0.02 60%

17

degassed by sparging of nitrogen at ambient temperature for

20 minutes.

The temperature of the reaction mixture 1s then raised to

115°C (in the case of the polymerizations carvied out 1in
5 the presence of initiators 1, 2 and 3 or 75°C {(in the case

of the polymerizations carried out in the presence of

initiator 4). The time t=0 begins at

remparature,

The fTemperature 1s

td o at 115°C or 75°C throughout

a2 monomer conversion of

g
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=
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=
=
D
o
=
i
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.
it
1
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£
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order of

are T

R atel
Lot

=
=
T
=

dropwise
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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

18-
Initial reaction state Characierislics of the copoiymer
initiai composition . -
by mass of the h'la-u:lre of Ratnl) by mass of initiator " - " o "
initiator relative 1o the monomers “hPS Mp Mn Mw ip
Copelymers monemers vsed S, MMA, HEMA and GMA
SIMMA/HEMA/GMA
1 A2I5BIGID initiater 2 0.03 48% 18760 112980 1 18940 1.5 inventive
2 SO/EG/OI0 initiator 2 (1.04 5Y% 18830 124450 § 20 380 16 fventive
3 SR initjatar 2 0.03 £4% 1B 440 (1T ETO L 1EEY0 1.4 inveritive
4 BE/ 340000 indtiator 2 0.03 85% 15480 1 11 930 15 907 1.3 invantive
5 TAL2E0 - initiator 2 03.03 TO% TR0 AT O60 ] 15760 13 inventive
& 58/34/4i0 initintor 2 0.03 57 % 17730 {12870} 18218 i4 nverndive
8 S8R0 initiator 2 0.0z 20% 4% 020 § 231561 46280 2.5 inuentive
g 58/42/0i0 initiztor 2 .01 S9% G010 3B 380 T B0 V0 2.2 inventive
10 58/38i4/0 mitiator 1 0403 58% 14 830 ) 10410 14880 4 inventive
11 witiztor 1 803 T3% 18040 | 122801 15400 | 1.2 inventive
12 8E/15/0/0 initiator 4 5.43 84%, 15170 | 12860 1730 | 3 inventive
14 F423 50125 initiator 2 8.03 17680 | 48201 28 480 18 i niye
16 T4 isitiater 2 8.07 3% gasn | Fizo | 8980 13 irventive
17 L0801 indiator 3 .03 T2 TR0} 12700 17 400 1.4 invenitve
12 1GOA0IG iniiator ¥ 0.07 106%: 7 a4 & 710 & 080G 12 inventive
19 ARB TG initiator 4 G602 a45%, AuE0C | 22000} 40000 Y7} nof-inventve
20 TaBI00 initigton £ .42 B4% AG0a0 | 250001 388460 1.6 nofs inventive

Isa




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 541143101 2 0.03 7310 17 600 14 620 26 490 LI

-19.

Apart from the copolymers descriped in Example 2, the block
copolymer PS-b-PMMA (PS 46.1 kg.mol™', PMMA 21 kg.mol™', PDI
= 1,09 was purchased from Polymer Source Inc. (Dorval

Gurebec) and used without supseguent purification.
Grafting on 510;:

Gilicon pilates (crystallographic orlentation {100V) are cut

by hand into pileces measuring 2 = 4 cm and are cleaned by

10

~ 3 Moo e T [aJr .
8 by Mansky & {Sciernce,
PR v .
o3 o | S L i

D, T
ST s

ENEYTV Sy b
[RGB L

L

20

(2]
i

appiied to an 5i surface (100 nmy, and then a tie




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

-2

The gold surfaces are cleaned with an oxygen plasma for

~

5 minutes, and then the gold oxides formed are reduced by a
bath in absolute ethanol for 20 minutes, and the surface 1s

.
!

a stream of nitrogen (H. Ron & al., Langmuir,

& s eYe: IR e = T oo o I
5 18%8, 1116 use of plasma gold

The XPS measurements were carried out on a

crometer from VG Scientific; vhe WO e

15 an X-ray source calibrated to the Ko ray of

im thickness me aments w

o

1280 ellipsometer. The imag

torded on oa

microscopy we

20

morphologs

narical bDilock

silicon  suri

hlock copolymer relative to the

paraliel orientaticn of

wccording Lo

~




671080801 2in 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
2

In this example, a comparison is made of the morphology

>

chserved for the selfi-assembly of the coyvlindrical hlock

it is applied o a

(Po-b~-FPMMA) of BExample

5 clearned polyorystalline gold surface but in the absence of

in a

bhlock
cleanaed

P oy A
AT 100 Or

DoOLYCTYS

method of the invention, using the random

cording Lo

15 copolymer 5 of Tabkle 1, and resulting in a perpendicular

alive To the surfac

crientation of the block copolymer

iyt
[t
=
—
-~
D

20

o-PMMA) of Example 3 when

fLreated according to the

dom copolymers 1, 2, 3, 4, 5, 1Z,

(Figures

COMEOS1t1on va

o Mg X L mum




pn.l.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 witAéut suhdegbent 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 angd 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 givesolutions at:1:5% by mass. Assoelation of PS sr -PMMA istdispensed-by haridon to a
freshly cleaned waer, then.spread,by spin ¢oating.at 100 rpg, to.give a film with a thickness, of
approximately 90 on. The substrate is then simply placed on 20 a hotple{te, brought beforehand to the
deeired temperaturey unider @mbient dttospheré foravariabletime. The substraté i =tipen wanted by
somimatiok ingi pumber of taluene baths for.a few minutas, in order tgremqye fhe ungrafted, polymer
from the surface, and hhen is dried under a stream of 25 nitrogen. drafting on gold.: The go) d
substrales nséd €6isistof polyerystalling golot andare mamifactired as fdllows: @ thééillea fayer. is
30 first applied..to,an $i surface, (100 am), anCi thenci tie, lay2r. of chromium(-10 nig).Ks evaporated
OT1 to the surface, and finally a layer of -500 rim of gold is evaporated on to the substficix, The gold
surfaces are ¢leé&FEd With ‘an oxygen plasmia for 5/minutes, afd-thenithe geld: oxddesfoitfied are
reduced by a.1bath in absolute ethanol for 20.minutes, and.the surfape is, dried under. 3. stregm of
nitrogen Ron. & al., Langmuir, 51998, MIPS). If the use of plasma is not desired, the gold surfaces
may simp-y bé washéd by ‘Sonicationiia batt of absofute etfiafiol}., andthen & bath of téluéhe for 10
ritireJteS, and-then; dried updera 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:

Example 0@

i5
In this example, an observation is made of the morphology
observed for the seli-assembly of the oylindrical block

opclymer (PI-bh-DPMMA) Lxzample I of the invention when 1t
is Ty 23 rtace treated with the random
P - [ T e

20 CoDoLYmer 7 T Al {1 = DA { at {5 opuare Sk,
resuliting iy paraillel orientation of the block copolvmer

EN

25 i t©h example, a compariscen 1l1s made of the grafting
1. B 2y P Y S BN - IS PR 3 - !
kinetlcs ol copolymers 5 and 11 of able 1, applied Lo a

silicon surface treated according to the method of the

Oy PR [, ; ey ] ] T R TR v TR, S
nvention (Figure ¢, Lhicknesses normallzed). By normalized

CLrickness TG TNEXN LI CRILCKDess

1 T
,,,,, 3 O
P 10
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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 fiilm thickness measurements were performed on a Prometrix OV1280 ellipsometer. The
images obTained by scanning. electmon microscopy-ere recorded on a CD -SEM H9300 from.
Hitechi. 20 Example]: In. this 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, oLtoa sufface treated accorddnr4 to the methed of the invention, using the random
copolymer 5 oi‘éFéb?é%‘éﬁd 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 aﬂé clé%ﬁéd ﬁozii%rfgsl't\éﬂinéﬂgola")gﬁjr(fgc]ébb}d'E in “’Ehe"éit()%‘énc%'bf 66p“)"0Ith%? ‘(rf"‘)q"tﬁ‘e‘:
inwpntion {Figure 274} resulting in-a and:permwdyflefli4b’origntation of thoblock ' ied to a
copolymerrelativetothesurface.toacleaned polychystaline gold surface regted according to the M
method of the inyemtion, using the random copolymor 5 of Table |, and resulting in a. perpondiculah
orientation of the’Blotk ccopolymerirelative to the:surface-(Figure:2B) sortotdnteancledned:nce
poivetysfElling, gold;surtabe freated. agcordimp to.the mgthod of tho,Ip.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. copolyfdiis-T 2: 3: 4, 5, 12, 16, 18 and 9 of Table | (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. compobilflon f the random
COpOlym er |n fdrm%Of ;?sty?é?i’,‘elii“bglﬁ ,thbi ;kl-lﬁm é Jb‘v’.::':i tion is made of the mo (o NG Lo ay

observed for the self-assembly of the coylindrical Dblock
15 ] 3 pplied to 31 LA
e Tanpi (Fiawy SAY and
14 of Tabl (Figure BE), resuliing r a
Loular o i O ; € ock copolyms
20 Figure ¢ ows Tl rokness profile of the applied filn



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 ptesence 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 yuler 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 morpholog@IghBésved 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 orientatioh-of thetbloek copalymer. i Example!9: push(i 25 Imthis example; agmparison is made
of the grafting_Kinetics. of.copglymers, 5 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 3it is-eonsidered. thiatthe maximum thicknessi30 attained=by-each polymer is’ 100%; -Et will
he neted thaty, 2:n.spite of the ghsence, of hydrxyl hiflotion in the gopolymer, ¢, (RS --PVMMA), the
same grafting kioei-Mce ere nhserved 44 for the copolymer (5 (PS -Pivlii414. -0141) Examisle 10: this
example, a.0m&de of the gmadftirm 51 picsof caral. gee T 318 and 9 6f Fablé 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 (IEl.gure 79. and 74). 10 this exam for the is made .
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P. morphology block 15 copoiymer (PS-b-PA laupited surface u eared a hC) .f Table Exampie
14ofTable ILIU84T,reoulllng 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. bontl which. gives ise 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 maolecideswith thesuiface ta be dreated, Sactieating the covalenttRdandnahich gives rise
to free radi.oa!.artpg[ (ﬁll)@é) grg%r(li_g or inorgaeic reductlon - oxidation, photochemicaliy, by shear, by
piasmay or else UIE) der the fnfluénce 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 maleylies, 202.14e100)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,'m’érféc/d‘a'éco'fding to
Claim |, whereinihe ¢ovalent:25bhonds 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
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"'n.111.1) 001 according to Claim | 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 conirolMed radica po ymerifat 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 6113 T1 3015/0342. - 26 - N-tertbutipheryl-ecmisthyipropy Rdtroxide,
N-tert-butyl1-(2-na hthyify-2-mbthylpbopyl nitroxidb, N-tert-butyl.
1-diethylphosphono-2,2+gimethylpropyt3 5 nitroxidb, , 1 Nstertbbutyl 2 — i ethyipropy
l-dibenzyj;phqs rh?oing_-_QZig-dimethylpropyi nitroxide, N-phonyll-ddethylphosphonb-Z,Z-de%ethy
nitroxide, - N-phbn "IfiThet'hyIphosphono-l-methyiemsy

- N-tert-butyl Il-dibenzylphosphono-2,2-dimethyvlipropyl

nitroxide,
- N-phanyl i-diethvlphosphono-2, 2-di

nitroxide,

10 - N-phenvyl i-diethviphosphono-t
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nitroxide, N-(1-phenyi-2-methyipropyl) 1-d1ethylp6o0p0Oolao-I- 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 accerdghg 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 anyof CGlains: Htoab4; awhireinsthecsuxfaceris Mineral 3047 nMethodsaccosding ta any of
Claims | to 14 v h(grein the surface Is metalLc. 18. Method according to Claim 16, wherein the
suLface 3t 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.qr.paint, the,wettaPdlity, ttle weathering.or.ageing resistance, the
adhesion, the biocompatibility, the preObntion of nPi..gration oipln?s, the prevention of deposits of pro;
ejns’ofsémnﬁpqﬂ(ﬁqﬁﬁﬁ@mdgﬁg the structuring  of block copolymers,

ennancing The printabpility of inks Or paint, the
wettapkility, the weaalhering or ageling resistance, the

adhesion, the biccompatibility, the preventicn of migration
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