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ABSTRACT

The invention relates to a method for producing defined layers or layer systems made of
polymers or oligomers on any solid surface and with a controlled structure, according to
which the layers are chemically deposited on the solid surface by means of
live/controlled free-radical polymerization. Said method comprises the following steps:
a)bonding the compounds of the general formula (a) A-L-I to the solid surface via the
active group A, where A represents an active group, | is the initiating group for ATRP
polymerization and L is the binding link between A and I; b) carrying out live/controlled
free-radical polymerization by reacting the initiator group | with monomers,
macromonomers or mixtures able to andergo free- radical polymerization, which
produces the polymer layer on the solid surface. The invention also relates to solid
surfaces with oligomer or polymer layers and initiators for carrying out the method.
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METHOD FOR PRODUCING DEFINED LAYERS OR LAYER SYSTEMS

The subjeot'of the invention is a process for producing defined layers or layer systems
of polymers or oligomers with controlled structure on arbitrary solid surfaces. wherein
o the layer is chemically bonded to the solid surface and applied by means of
"living”/controlled free radical reaction. Solid surfaces with oligomer or polymer Iayers,

as well as various compounds containing an anchor group as well as 2 group from

which the polymer growth proceeds in accordance with the ATRP mechanism are 3

further subject of the invention. Such compounds are termed initiators below.
10
The present invention relates to a process based on the mechanism of
"livihg"/oontro”ed free radical reaction and polymerisation for chemical modification of
arbitrary solid surfaces. In this context the solid can consist of an arbitrary material, can
be of a solid or porous nature, can be in finely divided form, can be of natural or
15  synthetic origin, or exhibit a heterogeneous surface structure or surface composition.

The physico-mechanical properties of the solid used, such as hardness, ductility,

deformability or surface roughness, are also unimportant for the process.

Here the term “surface” relates not only to surfaces in the conventional sense, where, in
20  general, a surface is understood to be the boundary between a solid and a gas or a

liquid. The term surface also includes the internal surface of a porous material. Going

beyond this, when applied to the surface- roodified materials the term surface relates
quite generally to arbitrary phase boundanes Thus, a surface can, for example also be,
the mternal surface between two- dn‘ferent components within a composite matenal

25 Examples of this type are composite materials oonsxstmg of a polymer matrix and an
inorganic remforcmg agent, polymers ﬂlled with dyes or a polymer—metal oomposzte

thus, quite generally, composite materials consisting of a polymer matrix and a

functtonal additive.
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Surface properties can be tailored by chemical modification of solid surfaces. On the
one hand, a desired quality can be imparted to the surface in this way; on the other
hand, the quality of the physical interaction of the surface-modified solid with other

substances, the chemical reactivity and the capacity for chemical binding of other

substances can be adjusted in a targeted manner.

f layers or layer systems are applied to surfaces,'it IS possible, in the individual c'ase, SO

to modify the properties of the original surface that the characteristics of the system as a

whole are then determined solely by the coating. Thus, it is possible, for example, to

impart the requisite mechanical strength to a composite system by means of a suitable
carrier material and, on the other hand, by means of the coating system, to adjust the

mechanical, physical and/or chemical properties of the surface to those désired ..

Various techniques are customary In order to modify solid surfaces by application of
polymers. For example, proCesses In which dissolved polymers are sprayed on, or
applied by spin coating, dip coating or in accordance with the Langmuir-Blodgett
technique (LB films) are described in the literature. With these prooesSes binding of the
polymers at the surface is to a very large extent of an adhesive nature. The process
parameters are frequently difficult to control with these processes; moreover, the
Langmuir-Blodgett technique in particular can be applied only on planar surfaces and is

essentially restricted to amphiphilic molecules or molecules having a rigid chain.

Polymer molecules can also be chemically bonded to solid surfaces by forming a

covalent chemical bond at the solid surface via, usually, terminal groups of the polymer

molecules ("grafting to”, for example via a condensation reaction). A disadvantage of
this process is that the yields of such surface reactions, and thus the graft densities of
the polymer molecules on the surface, are generally not very high since polymer
molecules that have already been bound impede the approach of further molecules to

the surface. Furthermore, the process is restricted to polymers of relatively low molar
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mass, since It is only with small molecules that there is a sufficiently high probability that
the functional group of the polymer molecule is withinin reach of the bonding points on

the solid surface and a chemical reaction between the two thus becomes possible.

In order to circumvent the disadvantages associated with "grafting to” processes, in
further developed processes the polyreactions for formation of polymers are initiated
directly at the solid surface (“grafting from”) [J. Rihe, “Massgeschneiderte Oberflidchen”
("Tailored surfaces”), Nachr. Chem. Tech. Lab 42 (1994) 1237]. In this context in the
prior art on polymerisation reactions using solid surfaces as starting materials the
conventional free radical graft reactions are usually described: conventional initiators.
l.e. azo compounds, peroxides and the like, are used to initiate the free radical
polymerisation reactions. If such initiators are covalenfly bonded to solid surfaces in
order to initiate graft reactions from here, this is thus associated with the following
disadvantage: In the case of symmetrical initiators such as, for example, azo-bis-
isobutyronitrile (Ai'BN) or benzoyl peroxide (BPO),' after decomposition one fragment is

covalently bonded to the solid surface as initiating radical; the second radical fragment,

on the other hand, remains unbound and in turn is able to initiate a polymerisation
reaction, which, however, takes place not at the solid surface, but unbound. Therefore,
In the case of a polymerisation initiation with the abovementioned conventional initiators

non-bound polymer Is always also formed In addition to non-bound (sic) polymer.

This situation has lead to the search for an alternative via asymmetric initiators, only the

- bound radical fragment of which has a reaction-initiating action following decomposition.

This is‘, for example, described in detail in the papers by Rihe et al. [O. Prucker, J.
Ruhe, Macromolecules 31, 592 (1998); O. Prucker, J. Rihe, Macromolecules 31, 602

(1998)].

In addition, In the case of all free radical polymerisation reactions conventionally

initiated hitherto these are subject to the conventional kinetics of free radical
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polymerisation, I.e. the'graft branch length and the termination reactions can be only
inadequately controlled and the chain length is subject to the typical chain length
distributions of conventional free radical polymerisations [see Bruno Vollmert, Grundriss
der Makromolekularen Chemie (Principles of Macromolecular Chemistry), Vol. I,

E. Vollmert-Veriag, Karlsruhe, 1979]. Furthermore, the chain ends of the graft branches

are no longer reactive after the polymerisation reaction, so that, for example, grafting of

~ a second polymer generation Is not possible.

This disadvantage of free radical polymerisation has recently been largely eliminated by
a new process. If a free radical polymerisation reaction is carried out in accordance with
a "living"/controlled free radical mechanism it is possible to produce defined polymers,
the chain length and polydispersity of which can be substantially better controlled than
is the case in conventional free radical polymerisation. Since the number of chain

terminations in this process is greatly reduced, the term “stable free radical

‘polymerisation” (SFRP) Is also employed. This process was further refined by K.

Matyjaszewski et al., by the introduction of the "atom fransfer radical polymerisation”
(ATRP) concept [K. Matyjaszewski, S. Coca, S. Gaynor, Y. Nakagawa, S.M. Jo,
"Preparation of Novel Homo- and Copolymers using Atom Transfer Radical
Polymerisation”, WO 98/01480]. To date "living"/controlled free radical polymerisations,
including in their refinement according to the ATRP-mechanism, have been carried out

only in the liquid phase, with or without additional solvent.

In ACS Polym. Preprints [Div. Polym. Chem. (39), 626 (1998)] Craig J. Hawkér,' et al.
describe the synthesis and application of polymers using "Iivi’ng"/freé radical
polymerisation reactions. The initiators used for the free radical polymerisation are
compounds which contain nitroxide groups. These compounds also have terminal
trichlorosilyl grou'ps, which can be bdund to surfaces of silica gel and silicon wafers by

chemical reactions.
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In  Macromoulecules 1998, 31, 5934 Tsujii, et al. describe controlled graft
polymerisations of methyl methacrylate on silicon oxide-containing substrates by
combined ‘use of the Langmuir-Blodgett (LB) technique and the ATRP (Atom Transfer
Radical Pblymerisation) technique. 2-(4-chlorosulphonylphenyl)ethyltrimethoxysilane is
used as initiator compound. This compound possesses a chlorosulphonyl group as
initiator group for the "living"/controlled polymerisation. After applying the monolayer of
the abovementioned initiator, which has been compressed at a water/air interface, to a
silicon wafer by means of the LB technique, the "living"/controlled free radical
polymerisation of methyl methacrylate is carried out from the silicon wafer surface

modified in this way.

These processes of the state of the art have the following disadvantages: in the case of
the “stable free radical polymerisation” SFRP using nitroxides a thermal polymerisation

that proceeds simultaneously and does not proceed from the surface frequently takes

place because of the requisite high temperatures of 120 to 130°C. Thus, there are

-considerable disadvantages associated with the process for the "living"/controlled free

radical grafting of solid surfaces, specifically

a) non-—bound’ polymer formed consumes monomer,

b) growing bound and non-bound polymer chains compete for nitroxides and thus
influence control of the growing chains, '

c)  non-bound polymer is present as reaction product alongside polymer-modified ‘

solid surfaces.

According to the publication by Tsujii et al. 2-(4-chlorosulphonyiphenyl)-

ethyltrimethoxysilane is employed as initiator compound. Chlorosulphonylphenyl groups
are known to be highly reactive and in particular susceptible to hydrolysis, so that they
are difficult to work with. Compounds which contain such groups, and also surfaces

provided with these, are unstable.
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Furthermore, the LB method described in this publication can be applied only to' planar
substrate surfaces, and here of limited size, but not to solid surfaces of any size, shape
and composition, and also not to internal surfaces of materials having open porosity.
The density of the molecules in the layer can be influenced to only an incomplete
extent. Estimation of the degree of polymerisation of the grafted polymer molecules is
carried out only indirectly; the grafted polymer molecules themselves are not used for

this purpose. Furthermore, it Is not stated that the chain ends are capable of further

initiation.

The technical problem to be solved consists in making available a process for the

production of layers or layer systems of polymers or oligomers in which initiators are

employed which do not have the abovementioned disadvantages and enable coating of
systems of arbitrary size, surface structure or composition. Furthermore, it should be
possible to suppress the occurrence of a thermal polymerisation by employing lower

reaction temperatures and a suitable reaction procedure.

This technical problem is solved by a process for producing defined layers or layer
systems of polymers or oligomers with controlled structure on arbitrary solid surfaces,
wherein the layers are chemically bonded to the solid surface and are applied by means
of "living"/controlled free radical reaction, by the following steps:
a) binding initiators of the general formula 1 to the solid surface
A-L-|
1
In this formula A is an anchor group, | the group acting as initiator for the ATRP

polymerisation and L the connecting link between A and |.

b) carrying out a "living"/controlled free radical polymerisation in accordance with the

ATRP mechanism using the initiator of the general formula 1 bound to a solid surface
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and monomers or macromonomers capable of free radical polymerisation as the
starting materials, by which means the polymer layer is applied to the solid surface.

Further characteristics of the process according to the invention are

a) providing and optionally preparing a solid substrate surface,

b) bonding to the solid substrate surface an initiator which includes a group | for
initiation of a reaction which proceeds according to the ATRP-mechanism,

C) subsequent to step b), carrying out on the solid substrate surface a first ATRP-

polymerization initiated by the initiator, with radically polymerizable (a)
monomers, {b) macromonomers, or (c) mixtures thereof, so that a first layer of
polymers and/or oligomers is formed on the solid substrate surface.

The invention relates to a process for use of the "living"/éontrolled free radical
oolymerisation for targetted and defined chemical modification of arbitrary solid
surfaces. In this process oligomer or polymer molecules are formed directly on the solid
surface in a "living"/controlied free radical polymerisation reaction. According to the
state of the art, prior to the development of the present invention free 'radical
polymerisation reactions initiated from solid surfaces were difficult to control or
mpossuble to control as far as the chain length of the growing polymer chains was
concerned. According to the invention, free radical reactions that start from
appropriately chemically equipped solid surfaces can now be carried out without
termination, that is to say can be controlled in a targeted manner. Thus, it is possible to
tailor the graft branch Ieng-th, with a narrow graft branch length distribution at the same

time: similarly block copolymers are readily accessible as graftings

The advantage of the process according to the invention lies i in the use of the method of
"Ilvmg“/controlled free radical polymerisation on arbltrary sohd surfaces using initiator
groups which, by virtue of their stability, are easy to handle and use and which have the
characteristic of enabling "living"/controlled free radical polymerisation in accordance
with the ATRP-mechanism at temperatures of below 120°C, without thermal

polymerisation taking place at the same time to a significant extent.

The solid can consist of any material, can be of a solid or porous nature, can be in finely
divided form, can be of natural or synthetic origin, or can have a heterogeneous surface

structure or heterogeneous surface composition. The only prerequisite is that the solid
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u'sed already exhibits chemical properties on its surface or that chemical properties
which allow the binding of chemical compounds via primary valency bonds can be
produced thereon; here the term “primary valency bond” is to be understood as the
entire spectrum of chemical bonds covered by the three limiting cases of covalent, ionic
and metallic bond as well as the transitions between the three limiting cases. Solids
which inherently already have the suitable chemical nature for binding chemical
compounds have, for example, hydroxyl groups on their surface. On the other hand it is
known that surfaces of non-polar substances as well, such as, for example,
poly(propylene) or poly(tetrafluorethylene) can be equipped with reactive groups, for
example hydroxyl groups, without any problem, for example by means of plasma

treatment.

In addition to hydroxyl groups, further functional groups which may be mentioned which
are capable of forming, on a solid surface, primary valency bonds to initiators that are

applied to the surface are,'for example, those such as -O-, -SH, -S-, -S-S-, -halogen, -
NHo, -NHR, -NRz -NH3", -NH2R", -NHR3", -NO,, -NOj3", -C=N, -CO-, -CRH-CO-, -COOH,
COQO’, -COCI, -CO-0O-, -CO-NH-, -SO3’, -SO,CI, -PO3", -PO,CI, -CO-S-, -CS-0O-, -C=C-,
-C=C- and aryl. In these groups the substituent R can in each case be independently
selected from the group: H, alkyl,preférably methyl to propyl, aryl, included substituted
aryl, preferably phenyl, and also mixed alkyil and aryl. Solid surfaces that are suitably

reactive can be chemically modified by the process according to the invention.

According to the invention, this modification of solid surfaces is carried out in the

following way:

'Such chemical compounds of the general formula 1 A-L-l , which are hereinafter

designated initiators, are bound to a solid surface, which is to be chemically modified
and is suitably reactive to be capable of forming primary valency bonds to chemical

compounds via chemical reactions (see above) The initiator group | which is present as



10

15

20

25

CA 02341387 2004-06-07

a component of A-L-| and from which the polymer growth proceeds in accordance with
the ATRP-mechanism corresponds to C-Z' according to Formula 11l of the patent WO
98/01480 of K. Matyjaszewski et al. The choice of initiator group is dependent on the

desired reaction conditions and the monomer to be polymerised.

In the compounds of the general formula 1 at least one anchor group A, as specified
further below, must be present, which is capable, with the functional groups present on
the solid surface, of achieving, via a reaction, binding of the compound 1 at the surface
in the form of a chemical primary 'valénoy bond. This bond must be stable under the

particular given reaction conditions for the "living"/controlled free radical polymerisation.

Furthermore, formation of the bond must itself proceed under reaction conditions under

which, matched to the particular initiator group | from which the polymer growth

proceeds in accordance with the ATRP mechanism, this is stable.

All types of reaction by means of which bonds can be newly linked can be used for
carrying out the binding of compounds of the general formula 1 A-L-I to solid surfaces.
Whether or not a solvent is necessary,.and, f so, which solvent is employed depends '
on the particular reactants. Furthermore, the selection of further proceés chemicals
depends on the particular'type of reaction by means of which the binding of the initiator
to the solid surface is carried out.

These requisite preconditions for suitability as an anchor group are met by a multiplicity

of groups or structural elements. The following functional groups may be mentioned by

way of example:
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~ Anchor goup A in A-L-| of the general formula 1

A =
OH = CO-CH=CR,  NR-OH POy SO,Cl
Halogen CO-NR, NH-C(NR)}-NH,  O-PO.CI SOC|
SiR%R*Xa.y+z*)  C=N CO-NR-NR; PO,CI O R
CR=CR *¥) NH-C=N CH=CR-NR; COSR u<R
CR=CR: NH, | CO-N=C=S CSOR S R
C=CR NHR N=C=0 CS-NRs u<R
CRO NR, N=C=S CSSR R
COOR NH5"* O-C=N SH Nﬁ;
COO NH,R" S-C=N SO3R R A
COCI (Br)  NHR?' NOg SO:R
CO-O-CO-R NH-COOR N*=N SOR
CH(OH)(OR) C(NR)-CH=CR; N=P(phenyl);  SOsCl
COR)s - NRNR;  CH=P(phenyl) SOs

~ *) X = halogen, OR®, NH,, with R® as well as R® and R* = alkyl, including branched,

preferably methyl, ethyl, including unsaturated, also cycloalkyl, preferably cyclohexyl,
including substituted, aryl, preferably phenyl, including substituted, (y+z) < 2

**) R = a substituent, in each case independently selected from the group:: H, alkyl,
preferably methyl to propyl, aryl, including substituted, preferablly phenyl, also mixed

alkyl and aryl; applies in respect of all R in this table that have no labels.

Furthermore, the anchor group A can be a metal radical M, with which A-L 'becomes a
group in the sense of an organometallic reagent M-L. In a chemicall'y m'éaningful |
manner, matched to L and also matched to the type of the functional groups on the solid
surface, via which the reaction with the anchor group A = M Is to be carried out, M is so
chosen that crossiinking reactions can be carried out with the reactants M-L and

functional groups on the solid surface. M-L can thus be organometallic groups

10
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containing lithium (Murahashi), sodium, magnesium (Grignard, Kumada-Tameo, Corriu),
boron (Suzuki-Miyaura), aluminium (Nozaki-Oshima, Negishi), zirconium (Negishi), ziné
(Negishi, Normant) copper or copper-lithium or copper-zinc (Normant, Sonogashira), tin
(Migita-Kosugi, Stille), silicon (also variants of Hiyama), mercufy, cadmium and silver.
For carrying out the crosslinking reactions it is also necessary to use a suitable catalyst
and for the particular functional groups on the solid surface, as electrophilic reactant, to
have the characteristic of being a suitable leaving group. Depending on the
organometallic group M-L, a suitable catalyst is an elementary metal or a compound
(salt or complex) of the metals Pd(0), Pd(ll), Ni(0), Ni(ll), Pt(0), Cu(l), Co(ll), Co(lll), Fe(l),
Fe(lll) or Mn(ll). If appropriate, mixtures of two catalysts, the addition of a co-catalyst (for
example Zn) or catalyst compounds which contain two metals, such as, for example,

Li2CuCl, are also used. Pd and Ni catalysts are of primary importance.

C-C bonds in which the C atoms participating in the bond have identical or different

hybridisation can be linked by means of crosslinking reactions of this type. The reaction

conditions required in the individual case are known from the literature under the

abovementioned authors' names.

The structural element L present as a constituent of A--L-l can be selected

iIndependently from the following list 1-3:

1. L is a structural element which according to Formula lll in Patent WO 98/01480
of K. Matyzaszewski et al. possesses the groups R!", R™2, R"® which are specified
in said 'patent and are each selected independently of one another in a
chemically meaningful manner, where at least one H or halogen in all three,
preferably in two, but particularly preferentially in one of the groups R'!, R'2, R™
is A. (Note: only the group definitions for R'", R, R correspond to those in
Patent WO 88/01480 of K. Matyzaszewski et al.). Moreover, at least one H or

halogen in all three, only in two or also only in one of the groups R"", R'?, R"® can

also be |. Functional groups, which in patent WO 98/01480 of K. Matyzaszewski

11
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et al. are encompassed by the variability of R'", R™, R™, can already perform the

function of anchor groups A here or they can serve for introduction of A.

L is a structural element, in which all groups R"", R™, R"™ (according to Formula

Il of patent WO 98/01480 of K. Matyzaszewski et al.) or two of these groups or

even only one group, have been replaced by '

a) oligo(oxyalkylene) with C4 to Cy, also aiternating C1 and C; groups,

b) oligo(ethyleneimine), -

c) oligosiloxanyl with Siy to Siz, SIR'R* with R' and R? being alkyl, preferably
methyl, also aryl, preferably phenyl, also mixed alkyl and aryl,

where in a) to c) at least one H, in ¢) at least H or also at least one aryl is A in all

three, preferably in two, but particularly preferentially in one of the groups R"",

R'2, R". Moreover, in a) to c) at least one H, or in c) at least one H or one aryl

can also be | in all three, only in two or also only in one of the groups R"', R'?,

R'S.

L is a structural element, in which a group R’ opfionally contained in the groups

R, R™, R"™ (according to Formula il in patent WO 98/01480 of K.

Matyzaszewski et al.) is, going beyond the specification in patent WO 98/01480,

one of the following groups: |

a) oligo(oxyalkylene) with C4 to Cyg, also alternating C4 and C» groUps,

b) oligo(ethyleneimine),

c) oligosiloxanyl with Sis to Six, SiR'R? with R' and R? being alkyl, preferably
methyl, also aryl, preferably phenyl, also mixed alkyl and aryl,

where in a) to c) at least one H, in ¢) at least H or also at least one aryl is A in all

three, preferably in two, but particularly preferentially in one of the groups. R
R R'. Moreover, in a) to ¢) at least one H, or in ¢) at least one H or one aryi

can also be | in all three, only in two or also only in one of the groups R'", R"?,

RS

12
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The suitable choice of L offers the possibility of cleavage of the polymer layer from the

solid surface via functional groups contained in L,

9 Silyl compounds of the formula 2

Xa.(+)R°yR*,Si-L-]

2
10 | always with (y+z) <2

where X = halogen, OR® or NH, and R°, R® R* = alkyl, including branched, preferably
methyl, ethyl, including unsaturated, also cycloalkyl, preferably cyclohexyl, including
substituted, aryl, preferably phenyl, including substitUted, and furthermore L = a
15 chemical bond or an inorganic or organic group variable within wide limits, as specifi'ed

further above, and, furthermore, | = an initiator group for the "living"/controlled free

radical polymerisation in accordance with the ATRP-mechanism, as specified further
above, have been found to be suitable for binding to solids, especially to those that

have OH groups and particularly those that have Si-OH groups.

20
The initiator molecule can be bonded to the solid surface (in this example a silicate
surface and y = z = 0) via the silyl anchor group A:
3:0H 2]-—-—-01—1
OH , O~
. Et.N .
— AL+ - 3 — 1 -
S0, OH Cl,Si -L-I > Sio, O;SI L-|
OH toluene O
OH , OH
25

Depending on the number of reactive groups, the silyl anchor group A is tri-, di-, or
monofunctional. Preferably chlorine is used as halogen, since a large number of

compounds exist and their price is reasonable. The choice of solvent depends on the

13
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reactants employed. With chlorine as halogen the reaction is preferably carried out in
the presence of an anCiIIary base, for example triethylaminé, and in a dry organic
solvent.
In addition to the linkages of the solid surface to the initiator which have been indicated
O apove by way of example, those linkages that are formed by a sulphide, disulphide,
ether, ester, thioester, sulphonate, amide, amine, C-C- or C-N- bond or by the
Interaction between counterions are also possible. These linkages can be produced by
substitution, addition or condensation reactions. The reactions necessary for this
purpose have long been known in the field of organic synthesis, as have the solvents '

10 advantageously to be used and other process chemicals and process parameters.

Carboxylic acid derivatives 3 have proved suitable for binding to solids, especially to
~ those which have OH groups. In formula 3 L and | are as specified above.
Y-CO-L-|
15 * 3
where Y = halogen, preferably chiorine or bromine, OH, OR’, where R’ = alkyl,
preferably methyl or ethyl, aryl, preferably phenyl, including substituted, aralkyl,

preferably benzyl, acyl, aliphatic or aromatic, or trialkylsilyl, preferably trimethylsilyl.

O
HQ  OH , H /.IKL-I
O
Et.N OH
AOR L > .
Cl” M- toluene
Microgel | Microgel O

20

Thiol and d_isUlphide anchor groups of the general formula (sic) 4 and 5

HS-L-| l-L-S-S-L.-|
25 4 S

14
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have proved suitable for binding to semi-noble metals or noble metals, the solid surface
of which has not been provided with functional groups. '

In formulae 4 and 5 L and | are as specified above.

d AL dr—-— S-L-|

S
+
Auq é > AU______ S"'L"l

q L q

As specified above, the Initiators of type 1 - 6 mentioned above and below can have a

bond that is can be cleaved under suitable conditions, for example an ester function, in
their structural element L. According to the invention, a bond that can be cleaved is
established in particular with a view to the analysis of the polymers formed on the solid
surface, iIf statements are also to be made with regard to the molar masses, the
distribution thereof and the number of polymer chains formed.

Compounds of the general formula A-L-l 1 are employed as initiators thét are capable of
initiating a "living"/controlled free radical polymerisation in accordance with the ATRP
mechanism on solid surfaces.

The constituents A, L. and | contained in 1 can each independently be chosen from the
specifications given above for A, L., and |. '

If A in 1 is advantageously selected from the above specification, the resulting initiators

are compounds of the formtjlae‘g - 6:

Xa.+RYRYSi-L—l . Y-CO-L-|  HS-L-I  |-L-S-S-L-| =1
2 3 4 5 6

In these formulae X, Y, R, R* L, |, y and z are as specified above.

15
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If L in 1 is advantageously selected from the above specification, L is a chemical bond;

C1 to Co, preferably Cq to Cg alkyl; aryl, preferably phenyl, including substituted; aralkyl
in which the aryl component is preferably phenyl and the alkyl component is C4 to Cop;

‘or a structural element, with which the resulting initiators are compounds of the formulae

7 to 11:

- _
- -
| |
A—0—Si =0 c” ' ALo—siHo—c”
| \ SRR
L R2 7 O R2 O
0N "'" I_ .__.zn §

In these formulae R' and R? = alkyl, preferably methyl, also aryl, preferably phenyl, also

mixed alkyl and aryl. Furthermore, in these formulae n = 1 - 20 and m = 1 - 20.

Furthermore, in these formulae A and | are as specified above.

If | in 1 is advantageously selected from the above specification, the resulting initiators

are, for example and particularly advantageously, compounds of the formulae 12 - 28:

16



10

CA 02341387 2004-06-07

fﬁm 1f
X 3R4 3 R4 ,O CN
(y+Z)RyR Si- (CH2 F vy 3-(y+7) R R » Si-(CH,, ) T(I’\RH

Zl
12 S0 0
34 a1 O =l - b :
X 3-(y+2)RyR 2 SHCHI T X3 y+z)RyR2SHCH), o{;ﬁo*‘i
14 o * 15 . T
34 o 0
X3 (y+2)Ry Ry SHCH), ‘
16 ‘ O R12
16 0N
Rl
3r4 si. 0
X5 (y+2)RyRESHCH,),
O
17 (o L
o O
SR

| O R
X3 (y+z) iSI-(CHz)qE) \/}O JKH{‘IZ
18

e

R1 R1 |
o A 3 4. o) /OM
_X3—(y+z)R$ R‘:}ZSI)O\Sl A w12 x3 (y+z)R R Sl \SII | |

R11 5

17
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Z' =~
354 /(CH \g/\/o%/\
X3-(y+z)RyRZS \
-2—1 | 'm O \%
CH,) o JZ
R 23

S ~(Chp)y
Z' o X 43 .3 (CHS "2)x0 1
24 A 25
Yo - 0 0O
11 v oy Y .
RI 2 R11
12
26 27 28 N

y,z=0,1, 2, with (y+z) < 2

Xx=1-20

m=1-20

n=1-20

u=0,1

R' R? = definition in siloxane linkage L, as <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>