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Tai |l or-made functionalized silicon and/ or germani um
surfaces Field of the invention The present invention

WO edoatier73 0 tail or-nade functionalized sili conPemnNi.omns/000449

ger mani um surfaces, nethods for the preparation of
such tailor-made functionalized silicon and/or
germani um surfaces, the use of such tail or-nade
Mailef-nfidR! fud &sbnalikéd silicansi dior ganimnumsusfacésaces for
the preparation of surface-bonded organic materials
and the use in industrial devices such as

T Gl &ithp MeNMbrane filtration units,
ﬁéggg;@es, E’lgM tips, mcrostructures and devices for
anal ytical purposes. Background of the invention
Silicon nitrides are | -kno for .outstandi.n iy
pr opg?‘?i Reseqf, c‘l‘?"%\‘gl(ﬁn’c \é\ﬁ'ﬁtﬁﬁ htgn;{\gdllé’rnﬁ&?q . ?na&‘ﬁgqn' filigon and/or
o BRAdnNES Surfadd, HeBdd§fSiCink] raparktsil 8t bucht tilorlmdde ifctionalized
properties are used in a wde variety of applications. .
silicen and/gs germanams guifaced the vpepf pech lgflosinpde Bmctionalized silicon

S e, S RS APt s n

iaperia ihdstriahidgeicacaick as $ficfreadtbisg Rmbrdnei fil@atiomuits, micro-
variety of applications. The way out is to provide a

Sisnes. &M Fipt [raigrosirectites prbdeyifep ANAnAEFH RUEROSE t o

silicon nitrides. However, this has been problenatic

up to now. 2 However, surface nodification of silicon
®ackgmundrod theinventioree silicon surfaces is well known

in the art. Such functionalized oxide-free silicon
surfaces having coval ent organi c nono-layers have been

obt aisidn Btridey At vl Vkdfwn Rt BeEtanting ! prébentstsieh BRlts medhanical

m | d photochem cal5 or chenmonechani cal neans.6 For |
dardnpsse chemigdtinestnesd, and highegleairien! rasigividynddes prigperties are used
H-t er.m nat i T f. . je s
0SS0 3P0 L5 T SbAPUE hO BB HARSALSH 4fhn i

afyvailiepdorigtdefitédamid usahllPhNéo Ehiagingrdver timedThis aiidtien significantly
car bohydrates. 8 The gnesent,anention, however,. i s _pot
dempers dbe lapecrigalerse Rhpilisen nigRdesfin &ivariety 9 gppligatips, A he way out

P itﬁ%réﬁ&é ACERH-cOMtbolle $id 5GEOR firfaké qﬁodiﬁ%a%ti'gﬁ% silicon nitrides.

carbi'de, germaniumnitride, germnmani um car e and
$dweven tije haschven prablematicep. to B8WE. 569. 979, i ncor por at ed

by r in,. ' . [ V-

y ?—fo%e%gr?% gcreerh(r)]dlﬁgﬁiorr]lto slllE]co(rjleotx"i1 els, gr% (t)xqge-i’rgle (sel\ﬁ%(r)]r(f (seurfaces
is well known in the art. Such functionalized oxide-free silicon surfaces having
covalent organic mono-layers have been obtained by a variety of methods including

24 mild photoche:mical5 or chemomechanical means.® For example, reaction of

thermal
1-alkenes or 1-alkynes with H-terminated Si surfaces allows for the construction of
tailor-made surfaces, and have provided e.g. the covalent attachment of DNA
fragments’ and fragile carbohydrates.® The present invention, however, is not directed
to functionalization of silicon or silicon oxide surfaces, but to silicon nitride, silicon
carbide, _germanium nitride, germanium carbide and silicon germanium surfaces.

US 6.569.979, incorporated by reference herein, points in detail to the relevance
of surfaces that are suitable for immobilization of biologically active materials such as

RNA, DNA and fragments or derivatives thereof. US 6.569.979 further discloses a

method for modifying a non-oxidized silicon (001) surface, wherein functionalized 1-
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of surfaces that are suitable for imobilization of
biologically active materials such as RNA, DNA and

wo eawgnenrs or derivatives thereof. US 6.569. 978CT/NL20I0&D00449

di scl oses a nethod for nodifying a non-oxidized

silicon (001) surface, wherein junctionalized

1-al kenes are reacted wth hydrogen-term nated silicon
dikelrgs akdireacted wdthi hydroglcbmxtmla,ted dibcomatndeiUprioitiates. However, the

SO e oG er RGeS dRy PR PRk e HPBRRISEY Y e from the

MIgtiVelC bW ORaRY &bl axngrets mmﬁe%garbpmékngo k&, es&tsséycarbonyl

10- am™no-1| -decene afforded a nodifi ed non-oxi di zed
prdt¢mlq~amir)o -bdedenc eiff%dndn@ nwdvmdemort@’ndacd stiggh €0Qj) surface

ly 78.1C
ot et compt ae Bt ARLiC e Bfriden LB nf yalue of non-
Miﬂéd%dﬁ@n-@énﬂlﬁ‘ﬁecﬁ‘s'(@(ﬂ n nitride surface has up to

now |l argely been limted to the functionalization of
t he HaenrastSmodification pEthgsidisenniteide surfrse nha§/um & nowe dprgely been

ﬁlH}l@d )cg ﬁ%gxiaillzc?oql r¥ t&le tn%&vesg éizfatlﬁgta oc%ercl) e&%g%rﬁ: %r%yn defined,

ﬂhhfl'bﬁ& &FMlicbﬂSmtrﬂleOMrﬁbés. Foe cdxhindles Lthst p@t&ure is used in the
interactions, ' Oher exanples of nodifjed %I|IC Qn 9,10
quffiqaagn ioh silisan nitrids oAy Hes fonebtaiioiRsFifipetubgratq interactions.

y pfes OF Iﬁ'%}dflﬁed’\gfl&{n Q%ch’?&% go&ly d&ﬁ)edﬁn@r{b@a}@r of 1-

car C acC uncti ona |zed nonol ayer “vi a

detatidephatstale witentontadonagiodl  889)j'tamta darbﬁ)ﬂyltcaercut-ﬁmmd)nahzed
ah, J. Mater. Chem 14, 1461 - 1468, 2004} di scl ose
mpmplayen via ghe Nrialkyiationof pr sckremealkargic aeidhed with HE t o

prov m,n I N, g PS 4 .
convggﬁmﬁgﬂhtéﬁsubgggﬂéggmgte% &ﬁ#h m??%g%¥$bﬁgpS“EHMISﬂwon
altkiyé stifaues das .bel étcliddewithdHP o Guctide tdreinal -NH7_ and —-NH groups

w-functionalized al kyl groups are bonded tqg th
sffhlthm lm qonyeriedsipr ¥ a@é@qwntast%mwhéa@e@aomlt% @Hﬂarl bromides. In

?}slr Brb(%(wodu ge I?el lcol-t‘}:mé}}ﬁnaflz uaﬁ k l % aﬁ K lb(g‘n(dgﬁaJ RS i Qﬁl%rp nitride

burfae@ N the ré@lﬁlc@ﬂn@géﬂ atoms of ﬁi&%llﬁkﬂﬁl&ﬁ&ld@ﬁ[’lﬁd ﬂﬁyll %Iﬁups contain
the silicon and/or germani um surfaces are genera

gabprddesies of pmidecmetionalities, (ck eniries b, Zandol 1ef Taply h}am um
nitr 'Irizl Bhis %g{ Fﬁ%ﬁhﬁﬂ{é BhASiR0H aflifol gg Mﬂfﬂg@s are generally

sur f aces. se’ expressions are apparent
idbfnqaleassglicamkaitrdded silioor arbale) gerananme ntpde| gennamum carblde and
initi er mani um sur f aces

608 EeTREUST CURFRS AIGOBEH isoh caRe-garmin SRR 1§ das person
RiTIRH G B 40 o ABre0§A8ItR | definition of the silicon and/or germanium surfaces
are surfaces comprising silicon and germanium nitrides according to the general
formula M;N,, wherein M is either Si or Ge and x is in the range of about 1 to about 4,
silicon and germanium carbides according to the general formula MxCy, wherein M is
either Si or Ge, x is in the range of about 0.3y to about 3y, as well as “strained silicon”
which is known in the art as Si;,Ge, wherein x is in the range of about 0 to about 1,
preferably about 0.05 to about 0.95. It is well known in the art that the stoichiometry of
these surfaces can continuously be varied, depending on the properties desired.

For brevity, in this application the abbreviation “Si/Ge-surfaces” is used to

indicate silicon and/or germanium surfaces as defined herein.
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formula M3Nx, wherein Mis either Si or Ge and x is in
the range of about 1 to about 4, silicon and germani um

wa@ 2005i128233 accordi ng to the general fornula MCT/NL2005/000449

wherein Mis either Si or Ge, x is in the range of

about 0.3y to about 3y, as wellyas "strained silicon"
which is known in the art as Si 1-xGex wherein x is in

t he fSimgdeﬂicah’O udmtéins gempoilitm atonprieftee atybtal Wbmatwith e result

0, about 0. 95. wel | known i he t t.ha ..he
Rue Rl st pirbebsnas FARE DG b gl electrons
é’:&kh@&e 1@%&%@@%& Qﬁh Hb® W PO teRentIRSF e&npﬁea to neat silicon
brevity, in this application the abbreviation
WQCh@n kad taowch faster ghipg. Stenineddilicen and imethasly of preparing strained
surfa e def.i I g
SRCE 5L SRR S, 56 ol B, Sgguonerins, von
inabrtpbfa@ed\/bytﬂafetrmeme@m t that the atons are spread
further apart than in neat silicon. In strained
silicon, electrons experience | ess resistance and fl ow

£ AR e Bitidi2st €r conpared to neat silicon which
canhﬁugg to Mugiuﬁgster chips. Strained silicon and

met hods of preparing strained silicon is for exanple

di sclosed in.US 6. nd US 2004/ 0087 bot.h .
i ncoJF}b%P rSgagnyEnas r Biekie rilaFs o Pm? &35 giabe, wherein
hiryest hiRBnyl NRoR:ES BBt covAAiY bBRdddNR! Bk WikGd Shrfdces tHeOalRyl and
functionali zed Si/Ge surface, wherein alkyl or al kenyl
aisenstl imedeties beinavenresentey bydhrigenerab farmalagl)Ge sur f ace,

the al kyl and al kenyl noieties being represented by

the general fornula (1): (1) wherein Ais a linear,
branched or cyclic al kyl ene kenyl ene group havi ng

2 to 24 carbon atons, t Ifene group being a

1-al kenyl ene or an internal &l kepyl ene group; Bis a
functional group selected from -CH CR 2R3; -C CR2;

-XR2; -N(R2) 2; -NR2- (O -N(R2) 2; - O [(C(R4)2) pQ g- R2;

-C(X) XRL; -C(X)NR2R3; -S(O OR1l; -S(0O 20R1; -S(0O NR2R3;
-S(O) 2NR2R3; -P(O (RLXOR1); (F)(O)(CRl) ;. -CON -d,

-Br; -1; -NCX; -XCN;, a group of the general fornula

(2) and tautomers thereof: (2)

wherein A is a linear, branched or cyclic alkylene or alkenylene group having 2 to 24

carbon atoms, the alkenylene group being a 1-alkenylene or an internal alkenylene
group;

B is a functional group selected from:

-CH=CR?R%; -C=CR%; -XR% -NR?), -NR*-C(0)-NR?, -O-[(C(R*)),0]+R%
-CX)XR'; -CEXONRZR?®  -S(O)OR'; -S(0),0R'; -S(O)NR?R’; -S(O),NR’R’;
-P(O)(R')OR"); -P(O)(OR'),; -CN; -Cl, -Br; -I; -NCX; -XCN; a group of the general

formula (2) and tautomers thereof:
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or a group of the general fornmula (3) and tautoners
thereof: (3) wherein Rl is a |linear, branched or

wa@ymbiiz32ad kyl group having 1 to 12 carbon at onBCT/AL2005/000449

phenyl group; an al karyl group having 7 to 12 carbon
atons; or an arylal kyl group haying 7 to 12 carbon
atons; wherein the al kyl, phenyl, alkaryl and
aryl al kyl groups may be subst2xuted with one or nore
of For d; R2 and R3 are independently hydrogen or a
group as defined for RlL; R4 is independently sel ected
ggﬁcg&e% al fotmixth 9} Mtaut&%efssth&@g@pendent Iy
ydrogen OH and - is a group
as deflned for Rl or selected fron1the group
consi sting of DNA, ethylene oxide propyl ene oxide
pol ymers, sugars, peptides anderagnents thereof; pis
an integer in the range of 2 / 4, qis an |nteger in
the range of 1 to 500; XPF§‘thependentIy Oor S and
nis an integer in the hﬁnge f 1 to 3. Detailed
description of the inveNt'qp/ gding to the
invention, Ais a linear, or cyclic al kyl ene
or al kenyl ene group having|2 to 24 carbon atons,
wherein the al kenyl ene grodp is a 1- al kenyl ene or an
i nternal al kenyl ene group. Exanples of suitable
al kyl ene groups are ethyl ene, propyl ene, butylene,
pentyl ene, decyl ene, octadecngne and ei cosenyl ene and
t he I|ke Exanpl es of suitabl'e al kenyl ene groups are
prhemm?d éne linkarf bﬁneiteyllwmgch@alkyMgroepylhﬁng latndi 2t dagbon atoms; a

ke Accordln to a nD referre
EheBA EES: ABralkrgl ol vEry i Sartons AT amptalky! group
Ahviee Yl to'D Slrb&iSate %@r@uﬁﬂle'a‘ﬂ@ﬂt plﬁﬁ 61, lalda®fINAU arylalkyl groups
et hynyl ene noiety. That is, that Ais in particular a

mabfénrsugstwpd Wathiong 0611100e ofF emfhon at oms accor di ng to
cfl RE rgrue 1gdeper%2ntly hydx(ogen 2):0 a &r%‘% )ag deqHzed for R';

* is independently selected from hydrogen or C;-C, alkyl;

R5 is independently selected from hydrogen, -OH and —NH;

R’ is a group as defined for R! or selected from the group consisting of DNA, ethylene
oxide propylene oxide polymers, sugars, peptides and fragments thereof;

p is an integer in the range of 2 — 4;

q is an integer in the range of 1 to 500;

X is independently O or S; and

n is an integer in the range of 1 to 3.

Detailed description of the invention

According to the invention, A is a linear, branched or cyclic alkylene or
alkenylene group having 2 to 24 carbon atoms, wherein the alkenylene group is a 1-
alkenylene or an internal alkenylene group. Examples of suitable alkylene groups are
ethylene, propylene, butylene, pentylene, decylene, octadecylene and eicosenylene and
the like. Examples of suitable alkenylene groups are propenylene, but-2-enylene, oct-4-

enylene and the like.
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wherein pis in the range of 1 to 7 and q is in the
range of 1 to 7, the groups -(CH2)- and -(CsC)-

we@piosar®ld y occurring in a random sequence, anBPCTYNEZI®S/N00449

the right termnus of Ais bonded to B. Such
et hynyl ene noi eties can be pol ysreri zed to provide a

crosslinked network that will reduce the perneability
of tAecdiﬁdmg @y atost Iﬁaﬁtﬂcmhqﬁefmﬁéd embmilind&t (rf[lh@present invention, the
al %lgl d 2 g}y r;%(;lgngshme nnmngla?: %@?S@Wm: gengﬁrbowty That is,

TO l S (8] (<}
wﬁ%%s%n%éﬁr& 4%@&3&& ﬁ&@ﬁg% 66 24 Be%)bh '&;’cﬁﬁ 8cBHiing to th

as the for

fdmeokin p is 1 to 9, preferably 7 r is 1to 9 and ¢
is 1 or 2. According to the invention, B can be

sel ected fromthe functional groups as defined above.

Sui t abl e exanpl es of _¢ r§g@.@}§ et henyl ,

2- propenyl, 4- butenyl and t@h?" the formul a -

CH:CRZRS may represent a cyclic structure having a
rbon car bon dou

SRERETP B30 AR o Cop SRS d B e b dtbedp P e Mol R49)- and
) @i{?%g da[l? |ole|@lﬁﬁn§ hr ar %ﬂdbﬁlsseg Re 2ddoyvkdreingnd right@Bihinus of
an Ui

met hyl ene cycl opentyl abl e exanpl es of
AO(S,‘Fbogd@ s Ba Sucleethynylene mogatiep yary be potymarized it grovide a cross-

he_ - (9
Wb o TR MO SR B o g rovie
ﬁnele éi&blnmroﬁseﬂieSn@tdeer Extdinphs o€ tHix Aifgak g@foupfard: he
-N(R2) 2 group include primary, secondary and tertiary

am no groups such as -NH 2, -NHEt and - Nwve2. A

sui tabl e exanpl e of ) -C(O-NR2)2 is
- NH C(O) - NH2. The gr S Fa%%ﬁg’%%% 4" R2 represents
ol i goners and pol ymers of alkylene oxides. R4 is

sel ected fromthe group consisting of hydrogen and
C-C4 alkyl, e.g. nethyl, etPF&ﬂ, n- propyl and

I - propyl . Preferably, R4 is hydrogen or nethyl and p
is 2. The group -O[(C(R4)2)pJ g- R2 enconpasses

di bl ock, triblock, nuWCQH-OR-@GC-(OHYs1 i ke ol i goners
and polyners, e.g. -O[(CH2O -(CHWwO J-R 2 wherein s
+ 1= g. A suitable

Preferably, the linear group has the formula -CH,-CH;-(CHa),-(C=C)q-(CHy):-,
whereinp is 1 to 9, preferably 7,ris 1 to 9and qis 1 or 2.

According to the invention, B can be selected from the functional groups as
defined above. Suitable examples of -CH=CR’R? groups are ethenyl, 2-propenyl, 4-
butenyl and the like. The formula - CH=CR’R? may represent a cyclic structure having
a carbon carbon double bond in the ring or having an exo carbon carbon double bond,
that is that the formula -CH=CR’R’ includes structures such as cyclopent-3-enyl and 2-
methylene cyclopentyl.

Suitable examples of -C=CR? groups are ethynyl, 2-propynyl and the like.

Suitable examples of the XR? group are —OH, -SH, -OMe, -OEt and the like,
wherein Me represents methyl and Et represents ethyl. .

Suitable examples of the -N(R?), group include primary, secondary and tertiary
amino groups such as -NH,, -NHEt and -NMe,.

A suitable example of the urea group -NR2-C(0)-N(R?), is -NH-C(O)-NH,.
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di bl ock pol ymer consists for exanple of a polyethylene
oxi de bl ock and a pol ypropyl ene oxide bl ock. In

wa@odwstiznrm these ol i goners and pol ynmers nay bePCT/NL2005/000449

term nated with a hydroxyl group or an al koxy group
(e.g. a nmethoxy group), the |latger being represented
by -OR2 as appears fromthe fornula. Suitable exanples

of t ke gfAu)) XRI(CEROLRORFR’ eptesentgy olippaemnahdt pilpmetserf alkylene

Brged fst %hc@ﬁé%%sgrgép Loistinec Tyiionss G CCs alkyl, e

u%@N §U| A4 g{lﬂ-&d}ﬁl R’r@f@&blﬁﬁ@)@?ﬁ@ro@&ﬂj or methyl and p is 2.

e l es of the sulfino roup

ng @)oa}m@r écgéaw an@pmls(s@)smloclsmbla@«, o uungu erscomb-like

th f Q)
SligtsSeatd pildiery @ R I RETH B DTG SURrs B oyt suitable
A EKNRBIFEncr Nebnsikds fob( &Jabiiyde?. of Aas lpbty@’ﬂiy&nexambebn)ﬁk and a
the sulfanmoyl group -S(O2NR Ris -S(O 2Nwe2. A

solyprapylene xarige dlesk. tlweag#la% thepeo)qligemers pnd spolymers may be

f
EHARNRLORL Foih! SPURoB B R Ly RS i e
bbleX represgptet Hyt-OR” ias appearsdteen gredopmulsui t abl e exanpl es
o R SsoL feB o S Sl i AL g rovrs
£e. @)l Le@d)oHodi SRRMe &fd thoakPr esent invention, B
iS a functional gro sel ected from - CH=CR2R3; -C CR2; .
omSuua«ammnplew-tﬁx @idd BENRS or CHOGOIGRAPEIPEL GORNICR’ e
- ; a%gb . -C(ONR2R3; -S(OOR1; -S(O 20R1;
@@“%F@ R3; -P(O) (R OR 1); -P(O) (ORL);
- CN; Sufdble exMeiples DR siMisagrdup SS(O)OR! sret-BEDEONIe aﬁfMS(O)OEt

wherein n is 1. According to a nore preferred

enboSniehle @Empigs of cbensulforyk @rowh -SEOROR, figncB(QfaMe and
gg@ﬂﬁ)@@l ected from-CHCR2R3; -C CR2; -OR2; -N(R2)2;

Likewise, a suitable example of the group -S(O)NR?R? includes -S(O)NMe,,

A suitable example of the sulfamoyl group -S(O)2NR2R3 is -S(O),NMe,.

A suitable example of the group P(O)RH(ORY is -P(0)(Me)(OMe) and a
suitable example of the group -P(O)(OR"), is -P(0)(OMe),.

A suitable example of the -NCX group is the isocyanate group.

Suitable examples of the groups according to formula (2) are shown below as
belonging to preferred embodiments of B.

According to a preferred embodiment of the present invention, B is a functional
group selected from -CH=CR’R’; -C=CR?% -OR?% -N(R?); -NR>-C(O)-N(Rp;
-O-[(C(R*:):0]¢-R% -C(O)OR'; -C(O)SR'; -C(O)NR’R’; -S(O)OR'; -S(O)0R';
-S(O)NRZR?; -S(0),NR’R?; -P(O)(R')(OR'); -P(O)(OR"),; -CN; -Cl; -NCO; -OCN;

and
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-O[(CR4)2)pA g-R2 wherein R4 is hydrogen or nethyl,
pis 2 and qis an integer within the range of 1 -

WQ@35/1232(30) OR1L; - C(O NR2R3; -S(O OR1; - S(O 20RACT/NL2005/000449

-S(O NR2R3; or -S(O 2NR2R3; and wherein nis 1. It is
furthernore preferred that A is-sa |inear alkylene or
al kenyl ene group having 2 to 24 carbon atons. Mre
preferably, Ais a linear alkylene or al kenyl ene group
having 6 to 20 carbon atons. Even nore preferably, A

is a lineag@l kyl ene or drkenyligne gr oNp haviNHy, 8 to

18 carbon ato e esent i nventyor—al™§0 provi des a

process for the ration of Iized Si/Ge

surface, whereig \a_SfA\Ge suPface i sySubjeyted to the

foll owi ng steps: etching the Si/ urface with an

et chi ng agent to\f?rfn an etched Si/Ge surface; and (b)

reacting the etched Si/Ge surface with|an

w-functionalized al kene represented by the general

formula (4) or with an wfunctionalized al kyne

represented by the _general fornmula (5) or with a

mi xt aRdtapoEEbthereok) (5) wherein P is a linear,

br anghednokirtygli ¢ al kenyl group having 2 to 24 carbon

at ons, Re al kenyl group being a 1-al kenyl group or an

i nt e Avadrdadgktong | moreoprefered | embpdimensaof, ther prasdme dnegntion, B is a
cl.ic al kynyl group, haying 2.to0 £ar bon.at ons, 1 he 2 .

Apal ggéﬁ% bg?lﬁ‘é}g% 1§%Pky-§lfl—8f<§%p o R nt &Rl -NR)::

k 4 UR? whef 4 ' | gat § ithi

OGSO fion KBS BIOUR 35 G s i

G MBIRERB - 256 G(OFRR ' - SYOYERIR; -S(SYORNRSKA)20R ; -S(O)NR'R”; or

- S R3..-P(O(R\(OR 1); -P(O(ORL ; -CN, -d,

-'g&,%@]:éﬁ%o?ﬁq@?gn-%él\lr or Cis a protected functional

gr oupy i§ Flr@dr@bref profétred Xkat A) 314 1inciREKY Ih&RD: atke&ifAéne group having
-XS|§R" 3; -0S(O (CR1); -OS(OAZ.O?l'.
2 to 24 carbon atoms. More preferably, A is a Imear'alkylene or alkenylene group

having 6 to 20 carbon atoms. Even more preferably, A is a linear alkylene or
alkenylene group having 8 to 18 carbon atoms.

The present invention also provides a process for the preparation of a
functionalized Si/Ge surface, wherein a Si/Ge surface is subjected to the following
steps:

(a) etching the Si/Ge surface with an etching agent to form an etched Si/Ge surface;
and

(b) reacting the etched Si/Ge surface with an w-functionalized alkene represented by
the general formula (4) or with an ®-functionalized alkyne represented by the

general formula (5) or with a mixture thereof:

],

4)



-P(O (RLXOR1); -OP(O(OR1):.; a group of the genera
formula (6) and tautoners thereof: (6) wherein RlL, R2,

wWRBo05R4B27p and g are as defined above; R5 is aPCT/NL2005/000449
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nonof uncti onal hydroxy or thiohydroxy protecting

group; R represents a protectedy-OH or -NH2 group,
wherein the protected -OH group is selected fromthe
groups defined for - XR5 whefeim X is O and wherein

the protected -NH2 group i ected fromthe groups
defined for -NR2C(X)Rl; an erghn nis an integer in
the range of 1 to 3. According to the present

invention, R5 is a nonofunctional hydroxy or

t hi ohydroxy protecting group. Such protecting groups

are well known in the art as Wl | as nethods for adding
such _gr 10 1. g (f '

such "BFREE, iy iRy ERE URSE Bopb BEKE 210 24 carbon
af f eatonid)ah¢ralkeoil lgeoupbeinget Linkkenyl grivg drandhtemahhlkered group;

Si/ Ge_surface obtained. 5 Suitable exanpl es of

monofQiHct iRkl bfPﬂﬁgF%?W)éFi’& Aing waiv%&ét@&‘ﬁ Gegbon atoms, the
grou X -
It T e S S

t et r &hisdr fupyticnay Eroup stleathy doat: RCHFPRARS; -C=CR*; -NR*-C(0)-N(R*);

4- met ho et ydropyr L1 203, 1 1.
4- net-ﬁd%{%ﬁ@y o h'Fzgfﬁ%nw -CEONR Ryidr oS(PAR 5, -S(OX0R5
tetra b.of 2R3,1; . R'),; -CN; -Cl, -Br; -I; or
1- net E@Wg ?re’t r?g%gyihlﬁ " @R?%gm‘/ sl;ﬁoe)ﬁ% ))ze’t hyl’, 7 7

t - but-NCX; aKCN; or benzyl , optionally substituted

triphenyl methyl, .(trityl). However. it is preferred

t hat QF’H@ s ﬁ&CFIS%%#W&F%%?ﬁ Mt hi ohydr oxy

pr ot eXIGRIR'gr aMR2CEXRE] eckrét f rosiRhg GOS(O)@R'R! | YOS(O),0R';
benzyl , %g;ionplky substituted trityl, and

t et r aRAIRPPRNAOP(OY(OR e v gioupnidh pererl famuln () apd gautomers
nmonofincid onal hydroxyl or thiohydroxy protecting

group 1S Selected from benzyl and tetrahydropyranyl.
Suitabl e exanples of the -Si(R 1)3 group are
trimethylsilyl, triethylsilyl, triisopropylsilyl,

I sopropyl di met hyl si | ylpé_t - butyyl di nerlyl sil yl,

t - butyl di phenyl silyl and e silyl. Methods of
the introduction and reno @ h groups are well
16 N

uc
known in the art. N

(6)

wherein R!, R%, R®, R®, p and q are as defined above; R® is a monofunctional
hydroxy or thiohydroxy protecting group; R® represents a protected -OH or -NH,
group, wherein the protected -OH group is selected from the groups defined for -
XR® wherein X is O and wherein the protected -NH, group is selected from the
groups defined for -NR®C(X)R'; and wherein n is an integer in the range of 1 to
3.

According to the present invention, R® is a monofunctional hydroxy or

thiohydroxy protecting group. Such protecting groups are well known in the art as well
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Preferably, Cis a functional group selected from
-CH=CR2R3; -CCR2; -NR2-C(O -N(R2)2;

WO p(LR) 2) pd g-R1; -C(O ORL; -C(O NR2R3; - SQ/SR205/000449

-S(0O 20RL; -S(O NR2R3; -S(O 2NR2R3; -P(O (R 1XCR1);
-P(0)(OR) 2; -CN, -d; and -NC§ -OCN;, or Cis a
protected functional group selected from-0OC(OR 1,

apREG{adp Hor addiRs :suchogioupd Y@ —XHogtaups @Rd MethodsSloOroramiing such

SENERE et EP ot ol SR eg iRl aoture of the

shRWbnAabed Si/GekaraiebRindde’p resablexampled be flod6funEibral hydroxy
-NH2 group, wherein the protected -OH gr [

ébwémdxpi% NPTOFEtiIRg RIPMPSY mwgdm&wxm@ym@@iyhhixme@yl, 2-

h t I
% om %ﬂ@{ oél}% Sefp |r(r)1 }gg({ffz?ﬂqr%(g%r y a\‘j’mZ? e|e %gyclirgpyranyl,
tetrahpdrb thigpyiranyh| 4-myathaxyyetahydropyrdayyir Gbemeﬂnbmytetmhyrdgothlopyranyl
SRt Eranpraaictuig | ehrorkroRSoR igsthoxyethyl, 2-

(&eh&ﬁla@lfenw q-baty Maavei ke @ptﬁ)‘xgl'l)o%%Bstﬁﬁteﬁefrﬁﬁla%ylmethyl

and is aninteger within the ra

(‘O(CXD) Cﬂoweverc(t())smfwed @@O@@mﬁ@qt@@%droxyl or thiohydroxy
PG eatingp ST EL o e Blonbil Bl BBl Sbhaty sytminued it

ahiR%Etrah{@opranyl31t igReed n@i@ pref@ted et Ge nﬁcsrﬁifuﬁonbﬁaill@dmxyl or
&lﬁ) and tautoners thereof which is shown above,

alsdrorrprpiesting eieuR issejsetsd deane benzyl-prihtetpy degmyeany 1.

oot Suftal R HIES 0 G TISIROBP elghip? G Sl Wipthy syl
D o P ey and
ey Meftoghghgipts s b oL Sugﬂ e A&l known

iStht-artAécording to the present invention,
preferred that Cis in the wposition of the aI kenyl .
and &rdfgmably, oF oispe. fidstiesdjugmoupyseledted Frarer@ofRR’; -C=CR%;

PR LTRGBS, O CROEROTr R F CBoiEnS Liafirir’, a8(O)0R"
W8©)JoR bl KR ARAe- smmzki’orp(ofqgﬂﬁo@pep(t@mowﬂ tdne; -Cl; and
nunber oOf carbon atoms of the ene or al kyne

rNERe ctOON] yor Bcdtoradiprejeated dunesiomal reurc @B]@ﬂeér &par re§(OR’;
SRROGIGTRM  9rNE.LASOT ONERIRRY: 18K0),0R!; -PO)R')ORY);

-OP(O)(OR"),; and a group of the general formula (6) and tautomers thereof which is

shown above, wherein R® represents a protected -OH or -NH, group, wherein the
protected -OH group is selected from the groups defined for -XR> wherein X is O and
wherein the protected -NH; group is selected from the groups defined for NR’*C(X)R';
wherein R’ is a monofunctional hydroxy or thiohydroxy protecting group; and wherein
nis 1.

Even more preferably, C is a functional group selected from -CH=CR’R?;
-C=CR% -O-[(C(R4)2)p0]q-R' wherein R* is hydrogen or methyl, p is 2 and q is an
integer within the range of 1 — 10; -C(O)OR!; -C(O)NR’R?; -S(O)OR'; -S(0),0R';
-S(O)NR2R3; -S(O)2NR2R3; or C is a protected functional group selected from
-OC(O)R'; -NR*C(O)R'; -OR?; -OSi(R')3; and a group of the general formula (6) and

tautomers thereof which is shown above, wherein R® represents a protected -OH or
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al kenyl groups P and the al kynyl groups Q conprise at
| east one internal ethynylene noiety. That is, that P

wa@ems@®rre in particular a |inear group havi ngp@I/ND2@&/000449

carbon atons according to the fornul a:

-CH=CH(CH2) p-(C O g-CH2- and -{5 G (CH2) p-(C O g- CH2-
wherein pis in the range of 1 to 7 and g is in the

g egraip, izvhbmiﬂ thetﬂretegued uQEl groapidy selented fré1g thyy groups defined for

s ik

Resh&y &4 éNRZ‘dQX IU NEdreid RURS a%&'ﬁﬁu@tﬁﬂﬂ%&@xi QF IThioBydroxy
- CH=CH- (CH 2) p- CQQg-(CH2)r- and - C C
cpmec(tmgg)rwp,mwmupn issl.1 to 9, prefer abI y 7 ris i1

to 9 ,and T.he IChl n ent efe abI

Lol odtatrathe i Profnrpish i Re R e i ES i R0 osition of
YR Qikeh e ahdtdl t@oriskquieatlpr &f Br éfekefork: dfar d that th
20: 1, englgt re&lﬂé\iﬁzﬂﬁ tﬂgﬁig 153 Most pre?rerg{ﬂ of T e

tfmwéweahzed hlzkeec e pgCdgalkene) andiyfrat the functipralized atkmgc is a ©0-C-1-
gnt gg)lpc#ﬂ? ! Chl (ff% T%ﬁpﬂn fhﬁ AR HF%{)%%%}PS ogﬁm alkene or

El¥speegebis a solution in water, said solution
g#grlsm about 0.1 to about 10.0 w.% preferably

aboutActomlmg;toa rgoshpagicular pwée@d@mh@gm@én thewa@semt ipyention, the

et taI t, of th sol ut j on; The
epe e BineE S0 e ARt SR O RmalE aF 16 IR Bl mytene
Fhoibty! FhatOk, Waf PNeidi Qriad irz pattiahlke ndmedr grmxpthuvmg 63f0 24 carbon
w-functional i zed al kynes may be used. Step (b) may
famftlﬁh@lcﬁiﬁllfég‘l@éh%m&%fred in an inert organic sol vent
and el evated tenperature, e.g. at reflux, or using
m crowave irradiation. The inert organic solvent is

preferably a hydrocar bOH=0U:(CHS,-(®sC)\CHRre. However,
according to the invention step (b) nay be perforned
wi t hout solvent, i.e. that the

and
-C=C-(CHy)p-(C=C)y-CHy-
wherein p is in the range of 1 to 7 and q is in the range of 1 to 7, the groups -(CH;)- and
—(C=0)- optionally occurring in a random sequence, and wherein the right terminus of
P and Q are bonded to C. Preferably, the linear groups P and Q have the formula
—CH=CH-(CH>),-(C=C)4-(CH2),-
and

—-C=C~(CH,),~(C=C)¢-(CHp),-

whereinpis 1to 9, preferably 7,ris 1 to 9 and qis 1 or 2.
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etched Si ZGe surface is reacted with neat
functionalized al kene according to the general fornula

w@ dgosa232neat functionalized al kyne accordi ng tBCT/NE2005/000449

general fornula (5). An inportant advantage of the
functionalized Si ZG surfaces it1§ their versatility,
i.e. that they can provided w th hydrophobic or
Pydr’D]ﬁHﬁ 'E:tlclhmgKHg@ﬂterst preferabdy eﬂdd:tatg fiom Hie NHAFHE arfHiPtR. When
unct i ona r oups whi ch ition ca be
WBFH 1sated, %beoragpr%}%ﬁote fersierphob g 6 A4ie fost pyeferably 5:1
foaSE m&%&&ab@ b&VeerRF, lihe &ahngagémhsqipt he functi onal
gr oups made i onic, e.g. by converting am no
gr oupecdrding t@ﬁbumntlomrﬁmctchmg giep igoperformiy farat leasttabaygt 0.01 h.
car on/dO roups into anionic carboxylate groups. The

B vention further relates to the use of the

f UnCTh@&@ﬂnhé Qfen?liZRiaBy 1§AGRS dolutioRen Wabadand saHicH comprising
Si ZGe surfaces bearing pendant groups, wher ei n t he

ghowgl Qrt tOgahwpéOQr\ét %e prew_rablv Ao} -B1te i & wt Py ofithe; giehing agent,
g?{sgg gﬁ égergt,olezﬁ%e oéﬁp%)or e 10'%S T é SfcHi g%ﬂeg'rdéﬁtg\? peﬁformed as is well

Inc y referenc
bholoithahity active groups nmay be proteins, DNA or

nol ecul es or fragnments, or, derivatives thereof
si nglresten (Rratirey olgritiqtiont! f@é@ilien%& otymixdures pf é&%ﬂﬁﬁl@ahzed

%ﬁ gnos? ?cﬂs? %S%g gte {iﬁgﬂﬁ ucrfhggIBH% T"?S’ dﬁ‘tkd e dh Gdrt organic

solv@nand | eboiated asmpédtlird, i com adt [ryfluxt, e UsDRt mivnd veavel lemdmiyn The
be sel ect ed from caHx&rene den |msrﬁ or fragne

NSH greaniasolyend isppretesdbly iy P gich 3%y mes1t5(f1ene I§Iowever
Q&IOYcﬁ ¢haud ﬂﬁéml&h Step (B ﬁ‘ﬁ& Belw@rmrma ittt rssivaﬁtgset fhat the

Sl ZGe surfaces bear1 ng tgen dant groups, wherein alkyl
guchal $aé<ﬁty burfase eﬁ nee@eétsn efitrfonctanelieedzalkene aoeording g the general

RO RGBSR ARG R i
t hei Anqﬁlpﬁﬁﬁﬂlttddoﬁlntaéd@it tharfﬁndii%halv&d SirGumibtactoi their Ivyrsatlhty,
active groups or host nolecules. As w || be apparen

1 thatdhey @vamrqne@ed with hidraphobic ercly dopphélic erepm%@ependmg on the
P&ﬁ{ | {19 é) gﬁaég %gp B nig aﬁalﬁ %Fbé ¢ I’t&?lnto other groups

unct | ona aces as ose here
Wﬂbbeﬂartﬁa&nf tﬂ1lhb$e(]§kﬂledgn chepst. IEopexnmpla the f\mnkmmng groups B may

nmeans_ f.or, bon t he, bi ol.ogi cal | y act l ve groups or
IS SRadegPBiE.f.B<0Y S0CRipa #FIiRD BRURR NI Satighic EpmERYpEroups or by
E&%n% dﬁﬂ)bx?f Gpﬁ%%oeddlédl&@e{rbwlﬁél@rdﬁﬁs bonded to a

host ecul earl ng a carboxylic group. Cbvi ousl
i f BThe peesoniinveniéen futier irchtes tgr tepussueh thes functiomilied Si/Ge

surgaces in tﬁe preparation of Si/Ge surfaces bearing pendant groups, wherein the

pendant groups are derived from biologically active groups or host molecules. As
discussed in US 6.569.979, incorporated by reference herein, the biologically active
groups may be proteins, DNA or RNA molecules or fragments or derivatives thereof,
e.g. single stranded oligonucleotides that have for example been used in gene
sequencing, drug research, medical diagnostics and binding studies of ligands to
oligonucleotides. Additionally, the host molecules may be selected from calixarenes,
dendrimers or fragments and derivatives thereof and mono-oligo- and polysaccharides.

The present invention also relates to Si/Ge surfaces bearing pendant groups,

wherein alkyl or alkenyl moieties as defined above are covalently bonded to the Si/Ge



10

15

20

25

30

must first be deprotected prior to the addition of the
host nol ecul e bearing a carboxylic group. It wll be

wappsanent3 to the person skilled in synthetic OPUENLDO0S/000449

chem stry how to conduct the syntheses of such Si/GCe
surfaces bearing pendant groupsyy The present invention
therefore also relates to a process for the

purfgras whéroim thé alByl Gealkenyl awastich daari anpendantaenp, grajenebly in their

wher e n functi.ongli zed ,Si./ surface is attached to

A BRSEn TS G5V P B P PR BRI B P OO SL i e

der i wedwfif 8BRS Mds¥ RAfelVR BeoHDSseh 1A surfaces bearing
mol ecul es. Results and Di scussi on Lowstress

pendapb grosps icathdd eéparasbfromi theifdectionalizedeSi/@e surfares ap @gsclosed

m t hi ckness re. deposited, on |ished silico .
el SR e iR EE BRUbE R A lEe 92EIng shtsBf o ponding th
Bioditlyedctive aroupk @r HosoRBlechles, 3 dr Nxambliep By dier&ctOH group
the chemstry of silicon nitrides towards the . )
¢het by srayyofen esterifisgipn @nge banded 1o :best siplesple bessingaprboxylic

. ‘i | PS o
S, SRR L0 o8 AN nt RGBT oy 50 srun.
sinlsvArst be gaoeced ptiouto-the additors of the hostmidled¢uliebeafipga carboxylic
Exanpl es): the presence of C.in the unnpdified sanple
BEUR, D BPREEPl Ao ST SRS PERpe CHERSLy how to
RoA RPN IR s EHRQSHLE shich WFGeeRYRSest B&Grink t fendant! @¥8Fs. The present
|'argely intact: alnost conplete renoval of oxygen is
diveotiore dherefiid also hrelatesatoea ruocsisgy T theapreparhtey @ Site surfaces

he.N signal (XPS data; see.Figure.l: N X

D SR gy WaPie RESiom P e Rl BaRas R pendant
2r&lf, Whefe@ the pehdant grdups attdddrived froir bidlogiclly activesgriovps or host
nmeasurenents indicate no observabl e change i n the

anqleqdss. nitride | ayer thickness upon etching. The

static water contact angle g was found to increase
from-20 to -60 after 2 mn etching with 2.5% HF
Rulsults and Disodsséat i ng t he formati on of the | ess pol ar

Si -H bonds. The presence of N (partially as NH and NH2
sites at the surface) makes q for theHterm nated

Sili ¢Qn -k kfliRoRehfided JiRWRN nittRNsUrREs PPLAP NEWD HAY thickness)
Hterm nated Si surfaces. The residual arount of .
oveygedeposited on poléshed esiliedn evafenschsing losv-pressueg sghemical vapor

rtially.du 0 gdeeply. enbedded. at o hat ;. t .
PehbvRe. B Tiabeh R o BORRIT SuLAMR e SRR clfisuy of
8K REA el déOrodardseBe chaBisey of RRticehlr §. @ de-térenifidtivnl by treatment with

fraction of .
HF solutions and monolayer attachment. XPS measurements show the presence of Si,
C, N and O in solvent-cleaned but un-etched silicon nitrides (see Examples); the
presence of C in the unmodified sample is attributed to environmental contamination.

Prolonged exposure to HF leaves the nitride layer largely intact: almost complete
removal of oxygen is observed, while there are no significant changes in the N signal
(XPS data; see Figure 1: Nls and Ols XPS spectra of Si3Ny before (a) and after (b)
etching in 2.5% HF for 2 min.). In addition, X-ray reflectivity measurements indicate
no observable change in the silicon nitride layer thickness upon etching.

The static water contact angle 6 was found to increase from ~20° to ~60° after 2

min etching with 2.5% HF solution, indicating the formation of the less polar Si-H

bonds. The presence of N (partially as NH and NH; sites at the surface) makes 6 for the
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surface re-oxidation can probably also not be fully
excluded at this stage).3 The effect of the reaction

wao 2ove/1z8273 he qual ity of 1-hexadecene nonol ayer BCDNL2005/000449

silicon nitride surfaces, as studied by nmeasuring q,
Is shown in Figure 2 (Variationsof the static water
contact angle q of a 1-hexadecene-derived nonol ayer on _
Hi-teimioated i sili¢oe niden seufiarst logver ghan dagtt obdsined fer) H-terminated Si

St abl es gnd al.nost densel.y ck P r re 4. .

Sl e e PO T B PR B i PRRREE fndicning ds at teas
patGhllpaut @6 debply dhfiedded dionist thatitardbt &t abinoged gporB3iching, but
n which is attributed to the formation of reactiv

which a58 therefare mek expRctescte bpasrctire at & ﬁlg.facsdap%m?l fragtion of

/er: [ : Ba
PR B:Ekiaa R Bl BBl 2 A EAUTRR ol PEReliog o iRt
uponThodiftétosft themeakibartink dh ehe quality o li-xadecghs monolayers on

(BB o o i LR Lo o
- i val Y. .
i 10 RS Ty G
& aGulbotich b remtibeninie)34tableams aBBost delsely packed monolayers are

respectively). 14 The shoul der at 286.9 eV that . .
abtgtnsd aftexvt3# h sractieniime &0 ~ &) Ehod issis muchy Bettgy than gbtgined without

f.or mat iLoR.11 14. No. pr.eci [ ndi ' rat i
o Rt 87 B paiARNRE 0 K oBhbah, B et St bonds a
HeatiffacduponVMlt BeRingWM shing to be bound by any theory,
the inventors believe that both these data stron

I
supp&rppagtofea maiolayshiirapden alse sempefipm XRe Féﬁ@ée‘g@y@ﬂeﬂhow a
c r ' .
)%lll'eglll @g&gser 1?12218 g%nogﬁt]bé;r}:fglg)nﬂg)%ﬁl f%%_ﬁq%déi%? g(%gﬁ%ﬁﬂée?%t ’tlme intervals
‘(\ﬁ'gﬁﬂ&daogmﬂ €1f] spectre of Si;Mg thefome _?_Efemncalspmmmgﬁambdtﬁer monolayer
acke r opi ¢ nol a
Gigsge] B FBRRPGI. SRGLRIhS b FsprieE cias e SO gl g to the
ikl ahetl GRS heetlRleaPashPISi-an wRACTIRRGOPY (264 BRAR 283.1 eV,
cmresolution). |IRRAS yields peaks corresponding to

aespectvglyet Fhecshanldes g6t ¢ ¢ thakappeatsrerdy Gmanedifiod SN, is likely

nd 5R8.¢C respectively (sge .Fi e 4)., e .
AReaeeRas ooty Joral RS0 Bistie iiEanth 1 Ut of oG and si-C bond
\§thlatige tAesigivem s thig &tage,| but @GHbht Wishing iebe BouE@ W3Qinfttheory, the
to a significant degree of disorder in these

ipisBloaykelisve Hat both these data stronghp support cpxalenfirapiodayien pigachment.
S%t 1 rﬁ:g%%g ?f}g%%blt-zﬁi(&eedcofn%nt%n itcpné.a‘? %a%ﬁ@ﬁ ﬁli{fﬁ%is @ieﬁc?sggﬁse of 6
by 1-2° to ~106-108° (Example 3), which points to the formation of an almost densely
packed hydrophobic monolayer. This packing is no indication for high ordering in this
case, as shown by infrared reflection absorption spectroscopy (IRRAS, 1 cm™
resolution). IRRAS yields peaks corresponding to anti-symmetric and symmetric CH»
vibrations at 2923 and 2855 cm’™, respectively (see Figure 4). These IRRAS spectra
strongly support the presence of a well-defined monolayer. In addition, they also point
to a significant degree of disorder in these monolayers, as the peak at 2923 cm™ is
intermediate between that obtained for CH, in isotropic media (2928 cm™) and that
obtained in crystalline media (2919 cm™).! The inventors attribute this disorder
partially to the surface roughness of HF-etched silicon nitride surfaces, and likely also
to a slightly diminished packing density of the monolayer.
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obtained in crystalline nmedia (2919 cm1) .1 The
inventors attribute this disorder partially to the

wa2anfazre7y oughness of HF-etched silicon nitri dBCT/NL2005/000449

surfaces, and likely also to a slightly di mnished

packi ng density of the nonol ayqy. Finally,
fiinctionalization of these nonol ayers has been shown

vi a Finallytfumdionaivatiod ofithesd mbualayres hasrtwien shaver viddhé stéaghment

B R S AR TR PR B e 5

Xﬁ(pF ighleQP SRRAKMata sTaEddiAd Qficonl nitrfdeMleft) UH,d@brididr3 after reaction
different 1-al kenes. (right) C=O vibrations after

ok aidicon nutuﬂe ovith differentt F-alkenes t(right) C=0 vibrations after reaction of

R )aE PTG BLRRERY, R 85 (1) hygrovsio

Attachnier© sEdwe i MRRA Svihbrappéarmcet of 1y 45-CC Birétching vibration at 1740
characteristic for the ester functionalit Hydr ol ysi s

e 't ArsaGigisie o, Higerstas nglionghy; Hysf%ysewéénwmew under basic
G {0775 1 Bl Fery Bt TS Recd @RuAR o a1 This
waglathe wisibld frt tief IRIAS Gpertaim etvhithf yields enehifif ofothelC40 stretch

t@rgwiﬁggv? S (400 He G o acieiviol g mhab vader aqlrcsopdigions 2
? )\f&ﬁc%ﬁ ff&ﬂbﬁﬁbetol38RAﬁ}1§%§ h154' Nisi HM‘inctHe Z%l@)%§§g@ctrum which

Sstret requency rom1v/

§mﬂdls a Sifthiflthe ¥=0F strdreh dlelydncyrdrooh 4740 taihéér cmHeSmbility of the
ci rcunst ances was shown by a near-constant intensit

v FgnelapeT GIYIER BRnGTRSTAREFONES SHERAY & eH5ERRSR tensity of
M&Cﬁlfli GR4dnME Abrafibhd. cON nitride surfaces Organic

nonolayers on this Hterm nated Si 3Nx surface were
prepared by placing the wafer in refluxing solutions

E: Ikene or 1l-alkyne (0.4 M in nesitylene, or in
Xamplesy) ene at 165 C. 15 1- Hexadecene (Al drich,

purity >99% was purified by doubl e vacuum

distillation to achieve a purity of alnost 100% (GC).
Expmpieel ;sVodification pEyilieon pisride syrfagesdi sti || ed at

at nospheric pressure before use. Silicon nitride

coated silicon [10 x 10 x 0.5 nmmB single
Si deOpgﬂmcsﬂneﬁidlaym e thigHrtermsinppd Sex ksyrfdtrcpma prqpal;ed'ﬂyeplacmg

Net her | and Th
the wafer 1annre ux1ng soYutlLolng r(yf ){ alkeng o’?let aﬁl%cllea{adf M) m me51tylene 8 orin

neat 1-alkene at 165 °C."

1-Hexadecene (Aldrich, purity >99%) was purified by double vacuum distillation
to achieve a purity of almost 100% (GC). All the solvents (Acros) were first distilled at
atmospheric pressure before use.

Silicon nitride coated silicon [10 x 10 x 0.5 mm® single side-polished] wafers
were supplied by Aquamarijn, The Netherlands, or by Lionix, The Netherlands. Nitride
thicknesses between 100 and 200 nm were used in this work.

Silicon nitride samples were first cleaned by rinsing several times with
chemically pure acetone and wiped with a tissue. Subsequently, the wafer is sonicated
for 5 minutes in acetone. Surfaces were further cleaned in air plasma cleaner/sterilizer

(Harrick PDC-32G) for 3 min followed by 2 x 3 minutes in oxygen plasma. Hydrogen
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t hi cknesses between 100 and 200 nm were used in this
work. Silicon nitride sanples were first cleaned by

WO usiizRg7several tinmes with chemically pure acEtDNE2@5000449

wiped with a tissue. Subsequently, the wafer is

sonicated for 5 mnutes in acetigne. Surfaces were

further cleaned in air plasma cleaner/sterilizer .
fermination iFROIGP@) Hyotippingithe saoplevied By BE ford minwesewhile the
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ard @stopperc Shelselyiéen isithen deomygymated fopat lgand 43 mine pypegfluxing it at
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hydrogen-termnated silicon nitrjde wafer .is dropped
FOmQY g and &5nlapins fres YPRRSF cswlqk@y @WPﬂ@name Vé‘ﬁ‘Fgcff% 2-24 h.

g!}%gys pﬁ'iut ' %54 )ﬁllo@&? td €8GL AN tHel EBpl@fWa8 tefloPEd and rinsed

Fi na the solution was allowed to cool and
ehensmlplwah\mmﬂheéﬁﬁ\ﬁé)éﬁ(hﬁd)lh aslegHeMt.ensi vel y with
distilled PE 40/60, EtOH, and CH2O 2. Exanple 2 For
XPS and water contact angle neasurenents sanples of 10
@x%gl y wer e used, for |IRRAS sanples of 30 x 15 nmmR.

Pon“nitride surfaces were characterized by static
wat er contact angl e neasurenents using an Ernma Cont act
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| RRAS spectra were neasured on a Bruker Tensor

peutaRzep apd thrddr anahwich gnodec dherdinding enefeieapysse éﬁlgbréted with
E&EL& & Spfp H&Hsp&ﬁfﬁé)tosﬁﬁ%%lbl .8@7'@(/5.']6}{% total §RcE Pk spéctrum of

the original, un-etched but solvent-cleaned silicon nitride is shown in Figure 5.

IRRAS spectra were measured on a Bruker Tensor 27 FT-IR spectrometer, using
a commercial variable-angle reflection unit (Auto Seagull, Harrick Scientific). A
Harrick grid polarizer was installed in front of the detector, and was used for measuring
spectra with either p-polarized (parallel) or s-polarized (perpendicular) radiation with
respect to the plane of incidence at the sample surface. Single channel transmittance
spectra were collected using a spectral resolution of 1 or 4 cm”, using 4096 scans in
each measurement. The spectra shown in this paper are the result of spectral subtraction
of a solvent-cleaned silicon nitride sample that was used as a background and the
spectrum of the modified samples, without any further data manipulation (no line
smoothening or so). Samples were first cleaned by rinsing and sonication in acetone

(p.a.). The wafers were further cleaned for 2 x 3 min in an oxygen plasma using a
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Harrick grid polarizer was installed in front of the
detector, and was used for neasuring spectra with

w@edaokae32ps pol ari zed (parallel) or s-polarized PCT/NL2005/000449

(perpendicular) radiation with respect to the plane of
i ncidence at the sanple surfacejg Si ngl e channel
transm ttance spectra were collected using a spectral

m&smauqlpzﬁwr/@tﬁnhzemr(mr@% PDGr82GYy apdossedcdirestly naftagwprds for the
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and the spectrum of the d|f|e sa w t hout an
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§§’6H3la oﬁ&ﬁ%‘m&bﬂ e Iﬁ%&ﬁe@ Galfdts biSERRdaMeh FaRIGRR gﬁﬁr (40-60),

in ac e wafers were further cl eane
2thang, Emch dlchlommcihg@e(ﬂ Opltiapswactyi Al sapleatsrmere distilled before use;

cleaner/sterilizer (Harrick - 3206}, and used

alty B, fhd et 1 Gire, ool cisb rdd; vBRiEm before use. The
RRiRY RhfersTHR Wl untér ﬁh&%ﬁtdcérﬁhtli&is i.0e@d kMange in static water
refluxing nmesitylene (~ 9 m), and shoul d be fully

contesterangly wahmeawires {059, 1-hexadessne-derivedemppglayerjoyer storage for 1
% d into the nmesitylene solution, the solutionis
brought to reflux within ~30 s. After nonol ayer

preparation the nodified wafers are cleaned with

petrol eum et her (40-60), ethanol, and dichl or omet hane
Eromnle 3qes each). Al solvents were distilled before

use; all 1-al kenes and 1-al kynes were doubly distilled
under vacuum before use. The resulting wafers are

st ablSdicondeitrideniamepies oatidilthexadscy] .neonotayersh aregareid naccording to

%I at i &diat er cont ac b*:}g 6"1‘%?%?605‘9@ %%g?rfﬁglémlsorﬁf of the X-ray

rfémtchv l@lo@' fhe Snblligied duirfaté dAdicaEP| LmoMoldyer thickness of 18
- hexadecyl nonol ayers prepared according to Exanple 1

\ﬁé’fgétf@)aam ned by X-ray reflectivity nmeasurenents. Fit
of the X-ray reflectivity data of the nodified surface
i ndi cates a nonol ayer thickness of 18 Angstrom
Bxample 4/StaBilitp iof ptganaf monglapers imacid| sadorlkaline ssbutibnand
al kaline solutions. A) In acidic solutions Silicon
nitride sanples with 1-hexadecyl nonol ayers prepared

o EzgzjdzcgsoEu%ons

Silicon nitride samples with 1-hexadecyl monolayers prepared according to
Example 1 were dipped in hydrochloric acid solutions, pH =1, for different time
intervals. The static water contact angle is not affected (for more than 1° , the
experimental error) up to 4 hours in both cold and hot acid solutions. Slight decreases
in the measured contact angles are observed thereafter: The decrease in the water

contact angle after 20 hours was only 5° (103°, rather than 108°)

B) In alkaline solutions at pH=13

Silicon nitride samples with 1-hexadecyl monolayers prepared according to
Example 1 were immersed in 0.1 M aqueous sodium hydroxide solutions for different
time intervals. The monolayer stability was monitored by measuring the static water

contact angle and recording IRRAS spectra of the monolayer. No significant change in
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Exanple 1 were di pped in hydrochloric acid sol utions,

pH =1, for different tinme intervals. The static water
weonwsaz27angl e is not affected (for nore than RCT/NLE®5/000449

experinmental error) up to 4 hours in both cold and hot

acid solutions. Slight decreas§f in the neasured

contact angles are observed thereafter: The decrease

thewhite cvmb@ angRrdrahé qadly of did RRAS sbél:lﬂfaavaﬂaﬂasmle&’ up to three

(103, rather than 108) B) In alkaline solut|

hayssHefi dreafmeng o hherpatisrq sostastprngle \depreasedn g3<§8e c’ﬂ;ﬁer treating  the

DR red according to Exanple 1 were

|ﬁﬂ§#§ggﬁ?ﬂﬂ&s%%M aqueous sodi um hydroxi de sol utions

for different time intervals. The nonol ayer stability

- TG el g N e oA oS e ool ayer . No

si gniddi&Rey1 Caﬁé”@%ekiﬂeb@nyl\%&ﬁﬁ&p%ﬁ&h Hgide Slirfid8e prepared
qual ity of” the I RRAS spectra was observed up to three

ahoudingdp the anethed descrihed elafﬁxemplwanw‘aétdlm@ i alkaline solution,

FEIRFG SooReRIF s il 88 MRGABPPIGRY (98 e by

nidas@ing statd Olagey %ﬁt)actlar@é aﬁdd&ai'thﬁnd(ammatlon on the stablhty of the
1- hexadecenyl -nodif ed silicon nitride surfaces

Imrp&afueéwa%@&rmeﬁ &Y resording thet RB Sypeetra pfthe trrated samples-
2 e i RESE walkr Qzlohﬁb{ Jh%le%QJf Ult 6&&ecﬂ"55ﬁolafe& a5 Hed ftOsilicon

different tine 1nterva Monol ayer stability was
mtmie tdecreabeld yfrome d88ito MG4 safter ibchonas ender ahﬁsa(cbn@mgnse Hoereoter, 1-

her —exa natl n o t he i1t f the nonol a
HylegEit GRATEEGF TRGH i Mk MeeheReal Bt P Gk Gt angle
Inl P Ehs PR ADS td h@z%ﬁby@zsmﬁs WAdR theCRRfeaohdi®ines. es of
1-'oct adecyl nonol ayer attached to silicon nitride

decreased from 108 to 104 after 6 hours under these
condi tions. However, 1- hexadecenyl nonol ayers showed
Examylb ShMyldificagtoahif ISilicon Garbidve wat er contact angl e
only decreased from 108 to 102 after 22 hours under
the sane conditions. Exanple 5; Modification of

Si 'sci%bgrl lﬁééjﬁ/aééﬁjfr (f@ 06%&52%@9&@5& Qag ;ﬁrsdt%)eaﬂ?& By rinsing

from clean y r|n i ng Severa
sevaraistimed Witk lehemically pureticetone Subseyuetilyy shejpewddr)is sdrtieated for
iomder IS sonic

Ot ok B} Lo B Sl S S o 10
minutes to achieve complete removal of any organic impurities. Hydrogen termination
is obtained by dipping the samples in 2.5% HF for 5 minutes. The powder is then
filtered through a Millipore filter, and dried by flushing with N,. Subsequently, the
powder is transferred to a deoxygenated refluxing (200°C) solution of 1-hexadecene in
mesitylene in the previously described flask, while slowly bubbling dry nitrogen
through the solution. The reaction time was set to 15 h. Afterwards, the solution was

allowed to cool and the sample was removed by filtration on a filter paper and rinsed

extensively with distilled PE 40/60, EtOH, and CH,Cl,.

IRRAS Measurements

First, an IRRAS spectrum was recorded for the cleaned SiC powder as a

background followed by measuring the spectrum of the modified powder. The



m nutes to achi eve conpl ete renoval of any organic
inpurities. Hydrogen term nation is obtained by

wa@l2qpirzeg7d he sanples in 2.5% HF for 5 m nut es.PAHEL2005/000449
powder is then filtered through a MIlipore filter,
and dried by flushing wth N2. Qubsequently, the
powder is transferred to a deoxygenated refl uxing,
cegood)n ebthesd snecisd providdes adeectivan fisphareri matealadepasited @n top of
ﬁ{eéli'gousl y described flask, while slowly bubbling dry

1T gen through the solution. The reaction tine was

set t[@e Adtidymniétiic aidEdnmetioceCISpitretdhmy bals af thevwabtracted spectra
cool and, the sagpl e was_rempved by filtration on a

frq showny i Eigusm - Ahes auligals diespigednge \ifta, sefistaptipl] grgoysit of CHy
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as a background foll owed by measuring the spectrum of
H}g r{)gegifi ed powder. Thesubtraction of these spectra
mRlet o spectrum di spl ayer material deposited on
top of the SiC. The antisymetric and symretric
CH2-stretching bands of the subtracted spectra are
s howbeseriptiog wf exc@surdinents phHeratentantach angle 8<maelts)of a
substanti al amount of CH2 noieties, corresponding to
coval ent nonol ayer fornmation. Exanple 6 Description of
measur enent ,19¢ 1 Wakl (B%E@&%_le%‘@f @ifferent AdHblhPIrs. Tabl e
1. Water Contact angle q of different nonol ayers.
These values for the water contact angle q are an

~ C OO0 O7
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e TR I U Taotocidtor |
Sftesgfédwﬂgfﬁéyg.ri gHé;:Fg .g"gllr“ﬁﬁon OIapSIS;i ﬁlg\l\f‘(ﬁ’(ee same
o 11 dd wi Chri £l Aroot hanor” ORFdr 18 hydr ol fed by
treatmgnt w & ei t N@HLSCEECNMHp0assium tertbut p0g defin
DVSO for_ 3 mnutes|at roomtenperature or gdgqueous 2|5
M HO at 700@1for 2 GH=BiHsCidblys @zat) 108

4e CH,=CH-C;4H39 (0.4 M) 107

4f CH,=CH-C,Has (0.4 M) 107

4g CH,=CH-C)oH, (0.4 M) 106

4h CH=C-C¢H33 (0.4 M) 106

4i CH=C-C\4H33 (0.4 M) 108

4j CH,=CH-(CH;)yCOOCH,CF; s

(0.4 M)

These values for the water contact angle 6 are an improvement over the result

15 disclosed in US 6.569.979 (78.1°).
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“CH=CR2R3; -C CR2; -XR2: -N(R2)2: -NR2-C(O)-N(R 2)2;
“O[(C(RA)2)pO g-R2; -C(X)XR 1; -CCX)NR2R3; -S(O) OR 1

WO S(N2RL; - S(O NR2R3; -S(0 2NR2R3; -P(O (R 1XORY).2005/000449

-P(O(OR) 2; -CN, -d;-Br; -1; -NCX; -XCN, or a group
of the general fornula (2) and 4autoners thereof: (2)
or a group of the general formula (3) and tautoners
tGlainesof : (3) wherein RL is a |inear, branched or
cyclic alkyl group having 1 to 12 carbon atons; a
phenyl group; an al karyl group having 7 to 12 carbon

at omBy iRkt GHAlIREY BAGK ¥hrfaleOtHR 1AV fffate bRing%ekefeBFom the group
atonms; wherein the al kyl, phenyl, alkaryl
consisting of silicon nitride, silicon carbide, germanium nitride, germanium
carbide and silicon germanium surfaces, wherein alkyl or alkenyl moieties are
covalently bonded to the Si/Ge surface, the alkyl and alkenyl moieties being

represented by the general formula (1):

]

)

wherein A is a linear, branched or cyclic alkylene or alkenylene group having 2
to 24 carbon atoms, the alkenylene group being a 1-alkenylene or an internal
alkenylene group;

B is a functional group selected from:

-CH=CR’R?;

-C=CR%

-XR%

NR);

-NR2-C(0)-N(R?)y;

-O-[(C(R*)2),01-R%;

-C(X)XR';

-C(X)NR’R?;

-S(O)OR';

-S(0),0R’;

-S(O)NR’R’;

-S(O)LNR’R’;

-P(O)(R")(OR");

-P(O)(OR');
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sel e
i nde

cted fromhydrogen or G - C4 alkyl; R5 is
pendently sel ected from hydnogen, -OH and -NH 2; R*

is a group a defined for Rl or selected fromthe group

cons
poly
an i
t he
nis
Func
wher
have
int
surf

ger mani um car bi des haverépe fo

Si o
Func
wher

Func
C ai

tBiti ng of DNA, ethyl ene oxide propyl ene oxide

ﬂfrs, sugars, peptides and fragnents thereof; p is
eger in the range of 2 - 4, g is an integer in

meoge of 1 to 500; X is independently Oor S; and
an Integer in the range of 1 to 3. 2.

tXE@Nafi zed Si/Ge surface according to laim1

i i Lot { fSBBYyM nitrides
R R e A AR
he range of 1 to 4. 3. Functionalized Si/Ge
ace according to Claim1l, wherein the silicon and

Ly, wherein Mis
r Ge and x is in the rapge—=s .3y to 3y. 4.
tionalized Si/Ge surfacrdi ng to Caimi1l,
ein the silicon gernmani g &fce conpri ses
ormul a Si 1-xGCex,

strained silicon according to
wherein x is in the range of 0.[05 to 0.95. 5.

tionalized Si/Ge surface adcording to any one of
m 1 - 4, wherein Bis a functional group sel ected

from -CH=CR2R3; -CCR2; -OR2; -N(R2)2;

- NR2

-0 -NR2) 2; -0[(C(R4)%%)IOQQ-R2;

or a group of the general formula (3) and tautomers thereof:

R
/
N—N
/I
N A2
€))

wherein R' is a linear, branched or cyclic alkyl group having 1 to 12 carbon
atoms; a phenyl group; an alkaryl group having 7 to 12 carbon atoms; or an
arylalkyl group having 7 to 12 carbon atoms; wherein the alkyl, phenyl, alkaryl
and arylalkyl groups may be substituted with one or more of F or Cl;

R? and R? are independently hydrogen or a group as defined for R

R* is independently selected from hydrogen or C; — Cq alkyl;

R’ is independently selected from hydrogen, -OH and -NHy;
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-(OORL;, -C(QSRL; -C(ONRZR3; -S(OOR1l; -S(0 20R1;
-S(O) NR2R3; - S(0) 2NR2R3; -P(O) (RLIXOR1); -P(O(OR),;

WO BNsALI273 - NCO - OCN: and or tautoners thereof PCENU2005/000449

wherein nis 1. 6. Functionalized Si/Ge surface

according to any one of Cains 45- 5 wherein Bis a
functional group selected from -CHCR2R3; -C CR2Z;

- OR2R’ -iNaREY@ a- (@ﬁb@dj@’(ﬁ@b})pﬁﬂl@pt@flmﬂm groi consisting of DNA,
hydr W 1t

the. EaN{ze grds proyiosd ooy Bt st aepRas S ptsdy thereot

- ( O})a%mteger in the range of 2 - 4;

q is an integer in the range of 1 to 500;
X is independently O or S; and
n is an integer in the range of 1 to 3.

2.  Functionalized Si/Ge surface according to Claim 1, wherein the silicon nitrides
and germanium nitrides have the formula M3;N,, wherein M is Si or Ge and x is in
the range of 1 to 4.

3.  Functionalized Si/Ge surface according to Claim 1, wherein the silicon and
germanium carbides have the formula M,C,, wherein M is Si or Ge and x is in
the range of 0.3y to 3y.

4.  Functionalized Si/Ge surface according to Claim 1, wherein the silicon
germanium surface comprises strained silicon according to the formula Si;.4Ge,
wherein x is in the range of 0.05 to 0.95.

5.  Functionalized Si/Ge surface according to any one of Claims 1 - 4, wherein Bis a
functional group selected from:

-CH=CR’R’;
-C=CR%

-ORZ;

NRY,;
-NR%-C(O)-N(R*);
-O-[(C(R")2),01-R%;
-C(O)OR';
-C(O)SR';
-C(O)NR’R?;
-S(O)OR';
-S(0),0R;
-S(O)NR’R?;
-S(0):NR*R?;
-P(O)R)(ORY;
-P(O)(OR);

-CN;
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-S(O NR2R3; or -S(O 2NR2R3; and wherein nis 1. 7.
Functionalized Si/Ge surface according to any one of

W@k@sns3213 - 6, wherein Ais a linear al kyl or BECRYLEW0&000449

group having 2 to 24 carbon atons. 8. Functionilized
Si/Ge surface according to any §pe of Cains 1 - 7,
wherein Ais a linear group having 6 to 24 carbon

at omsChccording to the formula: -CH 2-CH 2-(CH

2) P-( CH 2-wherein pis in the range of 1 to 7 and
qis- he range of 1 to 7, the groups -(CH2)- and
-(C QbChggﬁ&onally occurring in a random sequence, and
wherein the right termnus of Ais bonded to B. A
process for the preparation of a functionalized Si/Ge
surface, the Si/Ge surface being selected fromthe
group consisting of silicon nitride, silicon carbide,

germani um ni tri de, Nger manj_.ym c%;];w de a
e

d siligcon
ger mani um stfPfac a N C ﬁ&t
subjected to th W ng steps: 5Hi ng t he
Si/Ge surface w et chi gg agent grim an et ched

( [
r

Si/ Ge surface; H)Nreacti ng theNB*I Si/Ge
surface with an wTunctionali zed al keng¢ represented by
the general fornulg (4) or with an wfdnctionalized
al kyne represented'by the general formiula (5) or with
a mxture thereof: (4) (5) wherein Pis a linear,
branched or cyclic al kenyl group having 2 to 24 carbon

at ongyr tdufnddh Kereolf, group being a 1-al kenyl group or an
i nternal al kenyl group; Qis a linear, branched or

cycl iagd avbrigiy Igk-oup having 2 to 24 carbon atoms, the
eq. Ky cidHEd (%gsu?fa{l'é Qéc%Yd}X%foge[nSf%e QF C?zﬁm's L8 Bblerein B is a
al kynyl group; I's a runction group selected from
- CH=@»dnal group selected from:
-CH=CR’R’;
-C=CR%;
-ORZ;
-NR?;
—O-[(C(R4)2)p0]q-R2 wherein R* is hydrogen or methyl, p is 2 and q is an integer
within the range of 1 - 250;
-C(O)OR};
-C(O)NR?R?;
-S(O)OR';
-S(0%,0R;
-S(O)NR?R?; or
-S(O),NR’R?; and wherein n is 1.

7.  Functionalized Si/Ge surface according to any one of Claims 1 — 6, wherein A is
a linear alkyl or alkylene group having 2 to 24 carbon atoms.
8.  Functionilized Si/Ge surface according to any one of Claims 1 — 7, wherein A is a

linear group having 6 to 24 carbon atoms according to the formula:

-CH,-CH,~(CH,)y~(C=C),-CH,-
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-CCR2; -NR2-C(O-N(R2)2; -OKCCR'"pQJc-R 1;-C(X) XR1;
-CPCO)NR2R3; -S(O OR1; -S(0O 20R1; -S(0O NR2R3;

WO S(N2NRRPR3; - P(O) (RIXOR1); -P(O (OR1) ; - CN; PETINL2005/000449
-Br; -i; -NCX; -XCN;, or Cis a protected functional
group selected from -XC(X)Rl; »f\NR2C(X) R1; - XR5;
-XSi(R])3; -0S(O(OR 1); -OS(O20RL; -P OXR OR -0OP
OXOR1) ; or a group of the general fornula (6) and

ar e SCHER Pribd T EPEF M 3 OB 0 Mol et PERSP ™ o eroups
-(CH,)- and «(C=C)- optionally occurring in a random sequence, and wherein the
right terminus of A is bonded to B.

9. A process for the preparation of a functionalized Si/Ge surface, the Si/Ge surface
being selected from the group consisting of silicon nitride, silicon carbide,
germanium nitride, germanium carbide and silicon germanium surfaces, wherein
a Si/Ge surface is subjected to the following steps:

(a) etching the Si/Ge surface with an etching agent to form an etched Si/Ge
surface; and

(b) reacting the etched Si/Ge surface with an o-functionalized alkene
represented by the general formula (4) or with an o-functionalized alkyne

represented by the general formula (5) or with a mixture thereof:

],

o],

)
wherein P is a linear, branched or cyclic alkenyl group having 2 to 24 carbon
atoms, the alkenyl group being a 1-alkenyl group or an internal alkenyl group;
Q is a linear, branched or cyclic alkynyl group having 2 to 24 carbon atoms, the
alkynyl group being a 1-alkynyl group or an internal alkynyl group;
C is a functional group selected from: '
-CH=CR’R’;
-CECRZ;
“NR*-C(0)-NR)z;
-O-[(C(R*)2),0lR';



hydr oxy or thiohydroxy protecting group; R represents
a protected -OH or -NH2 group, wherein the protected
wo gidsgenap i s sel ected fromthe groups defi nedpdDNL2005/000449
XR5 wherein X is O and wherein the protected -NH2
group is selected fromthe grogps defined for
-NR2C( X) R1l; and wherein n is an integer in the range
of lcm))a{‘;lo. Process according to Claim9, wherein B
is in the wposition of the al kenyl and al kynyl
gr oup€ONR'R°process according to daim9 or daim 10,

wher g iLs a functional group selected from

- CH= ;’-C CR2; -NR2-C(O-N(R2)2; -C(O OR1;

- O GBIBR6R,; - S(O) ORL; - S(O) 20RL; - S(O) NR2R3;

X7 5. -P(O (RIXORL); -P(0)(OR) 2; -CN, -O;
S5 - , - i or Cis a protected functional group

sel egt@fNRPRM - OC(O) RL;
-P(O)(R')(OR");
-P(O)(OR');

10 -Cl,

-NCX;
-XCN; or
15 C is a protected functional group selected from:
| XCOR'; '
NR2]C(X)R';
-XR>;
-XSi(R")3;
20 -OS(O)OR"Y;
-0S(0),0R;
-P(0)(R")(OR");-OP(O)(OR); or

a group of the general formula (6) and tautomers thereof:

25

(6)



-NRRC(OR1; -OR5; -0Si(R1)3; -0OS(O (OR1); -0S(0 20R1;
-P(O (RLXCOR1); -OP(O(OR ) 2; and a group of the
wa@enwsnzd27f ornmul a (4) and tautomers thereof, WhBCEND2BE000449
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represents a protected -OH or -NH2 group, wherein the
protected -OH group is selectedyfromthe groups

defined for -XR5 wherein X'is O and wherein the

pr ot edierein RNHRGRAWRY, psind glaee sedefined in Chémdr;, & psa monofunctional

defined for -N R1; and whereign n is 1. 12.
B 0c BEGoRE DE RGPS U BRP R heies s & piptecipsko Ol g7 -NH:
Cis u | 3 fined for -
DRI RIS s e TR o o
i

ot PRS hrin X 2010 49 whaninih Brgascnh NHrEroA 5 seesesdofiom the
s oty RS i et 15 e e rane of 1 0
funcBi onal group selected from -OC(ORLl; -NR2C(O) R1;
-1(0).?5 .Process according to Claim 9, wherein B is in the w-position of the alkenyl and
alkynyl groups.
11. Process according to Claim 9 or Claim 10, wherein C is a functional group
selected from:
-CH=CR’R’;
-C=CR?
-NR™-C(0)-NR);
-0-[(C(R%)2),0]¢-R";
-C(O)OR';
-C(O)NR’R?;
-S(O)OR;
-S(0);0R;
-S(O)NR?R?;
-S(0);NR’R?;
-P(O)R')(OR');
-P(0)(OR");;

-NCO; and

-OCN; or

C is a protected functional group selected from:
-OC(O)R';

-NR’C(O)R';

-OR? ;

-OSi(R)s;

-OS(O)(OR);

-0OS(0),0R';
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-0Si (R1);!'; and a group of the general fornmula (6) and
tautoners thereof, wherein R6 represents a protected

WO ad502327NH2 group, wherein the protected - OH BCDND2G0S/000449

selected fromthe groups defined for -XR5 wherein X is
O and wherein the protected -NH% group is sel ected
fromthe groups defined for -NR2C(X)Rl; and wherein n
|s i -P(R )GQIIb'¢;ess according to any one of Clainms 9 -

mﬁg % Qare a linear group having 6 to 24
carbo é?@ﬁg- rding to the fornula:
CH:Q@’rélg'gf)tHe ég}egl Jorhida (BReld Gutorh &b dredfGhkdrdm@ Lrepresents a

wher ein Isinthe range of 1 to 7 and q1s in the
" angeraectad @ pr -NHe gwur)@ere(m)protaﬁdd -QH gryup is selected from

opti naII B
the ProRRUPEARTIGLRE B MR B AR G AR g BRI
f uncigtaipas s@adeﬁréxﬁehésgmﬁmfmba mrnawe(xm i el whaeiassis 1.

of any one of Clains 9 - 13. 15. Use of

fldnc Fresesy acceuling foanysenerof (aimsedrdiln gvh%‘"hﬁys grfangtonal group
QA ai QBeded i8nPr 14 in the preparation of Si/Ge

surf aces earlng pendant groups, wherein the pendant

gr oup€HaC®?REr i ved from biol ogically active groups or

host nol egules. 16. Use according to Caim15, wherein

t he b?opgglcally active groups are selected from

pr ot ebr‘[g %&@d RR%@efE@ﬁ REE drérgen drSRetBRCHED BEd §Gs an integer

daim e host nD ecul es are call xar enes,
dendwwﬂnuﬂmraqﬂ(ﬂﬁnou)ol|go- and pol ysacchari des. 18.
A Si/ if ace bearing pendant groups wherein al kyl
or al moi eties are covalently bonded to the Si/Ge

sur f agayNRMR3al kyl and al kenyl i eties being as
defined in any one of Claims 1 - 8 and the alkyl and
al ken§(O)R'eti es bearing a pendant group, wherein the
penda &)%5ﬁups are derived frombiologically active
gr oups 8 dst nol ecul es.

-S(O)NR’R’;
-S(0),NR’R; or
C is a protected functional group selected from:
-OC(O)R';
-NR*C(O)R';
-ORS;
-OSi(R")3; and
a group of the general formula (6) and tautomers thereof, wherein R® represents a
protected -OH or -NH; group, wherein the protected -OH group is selected from
the groups defined for -XR® wherein X is O and wherein the protected -NH,
group is selected from the groups defined for -NR’C(X)R'; and wherein n is 1.
13.  Process according to any one of Claims 9 — 12, wherein P and Q are a linear

group having 6 to 24 carbon atoms according to the formula:
-CH=CH-(CH;),-(C=C)4-CH,-

and
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19.

A process for the preparation of Si/Ge surface

beari ng pendant groups, wherein a functionalized Si/Ge
waanfazr7according to any one of Clains 1 - 8 BCT/SH2005000449

attached to a pendant group, wherein the pendant

groups are derived from biol ogiwally active groups or

host nol ecul es. 20. A Si/Ge surface bearing pendant

groups obtai nable by the process according to Caim

19.

14.

15.

16.

17.

- 18.

19.

20.

-C=C~(CHy)p-(C=C)-CHa-

wherein p is in the range of 1 to 7 and q is in the range of 1 to 7, the groups
-(CH,)- and —(C=C)- optionally occurring in a random sequence, and wherein
the right terminus of P and Q are bonded to C.

A functionalized Si/Ge surface obtainable by the process of any one of Claims 9 -
13.

Use of a functionalized Si/Ge surface according to any one of Claims 1 — 8 or 14
in the preparation of Si/Ge surfaces bearing pendant groups, wherein the pendant
groups are derived from biologically active groups or host molecules.

Use according to Claim 15, wherein the biologically active groups are selected
from protein, DNA and RNA moieties.

Use according to Claim 15, wherein the host molecules are calixarenes,
dendrimers, and mono- oligo- and polysaccharides.

A Si/Ge surface bearing pendant groups wherein alkyl or alkenyl moieties are
covalently bonded to the Si/Ge surface, the alkyl and alkenyl moieties being as
defined in any one of Claims 1 - 8 and the alkyl and alkenyl moieties bearing a
pendant group, wherein the pendant groups are derived from biologically active
groups or host molecules.

A process for the preparation of Si/Ge surface bearing pendant groups, wherein a
functionalized Si/Ge surface according to any one of Claims 1 — 8 or 14 is
attached to a pendant group, wherein the pendant groups are derived from
biologically active groups or host molecules.

A Si/Ge surface bearing pendant groups obtainable by the process according to
Claim 19.



