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WO 2005/ 123273 PCT/ NL2005/ 000449 | Tail or-nade
functionalized silicon and/or germani um surfaces
Field of the invention 5 The present invention
relates to tailor-nmade functionalized silicgn and/or
Wer'h{etth surfaces, methods for the prepar af FHRLPS/000449
such tailor-made functionalized silicon and/or
germani um surfaces, the use af such tail or-nade
fyngtionalj Skl | £OF r r pani um sur faces for
¢ e SOt Ehorlih Hcon M Lrd BB 2053 ¢
and the use in industrial devices such as

L.CcLp-J.eactor menbrane filtration units, mcro- 10
g}z‘lee\ifg%{tﬁ‘/‘lw ti%ﬁ's, mi crostructures and devices for
anal ytical purposes. Background of the invention

Silican nitrides e well-known for, outstanding..
pr opet 15 @Eesﬁcwvﬁfg{opt ggaﬁ%c ﬁoa?f%‘/'\@oé'lmadiS&H%"H‘%&Q, silicon and/or
Chafasiam tfRcdsNaRthodard thi gRpahiet ¢fl woh tHilesnalld Mintionalized

These properties are_use i n i de. variety of .
S R RtmapRing ST S the W ot S et T e pralzgghsilicon
S hhd/Gr QR rrikdninh S8 FacesPothS bidphrafd@0sf surfateivon@d @gHic materials and
usual Iy al so,gihan_.gl ng over time. This sit ugitl on . .
sPgiss PepAvsgal dpuRsTeTich pyRicropegeios cpebERbLiiptien mitgpicro-
Nkibyeds ARBMitips, AniéRkinedtitesOdnd AL ds For anDiical g&’rﬁoéé@y out

is to provide a well-controlled and stabl e surface

nodi fication to silicon nitrides. 20 However, this
hggc,%ggﬁhp&qm%ﬁ& up to now. 2 However, surface

nmodi f1cation of silicon oxides, and oxi de-free

silicon surfaces is well known in the art. Such

! UnCLSRAG diftfiy AXWAAINGRR (61 oulsEABng YdhBRES Ul UL RPmechanical
coval ent organi ¢ nono-1layers have en obtalned by a
vharileasy, chémialtinerthess, ard bigh elgetric aesiptiving’ Thest prgpertics are used
D10% SFASIHES. iSO AL BN BB oo s
HeestirporatyattfiBid sunfsedlyslsalchagmgfoer tirve Tosrgeaties sigoificantly
0 ' - f h rovi de . 0. «t he
L L
c &r wojrypdida tee 9kll-Therqdieé sivd tstablev amfaro modifiswioneto, siliconnoitrides.
diﬁlf)egxtre?qushgstte%ﬁc}oib%n-%{ici;%aoin%pvwf silicon or silicon
oXrde’ &ur aces, BT T8 ™ 80 nitri de, silicon

car bi Hewevge rsamanic imodifidation ef sili@nnaides) mnd axide-diee ailidon surfaces

silicon gernmanium faces.. 3Q. US 6. 569. 979, _ .

e BFD QR RO i oSSR cberopaiR® SRR SroncRsfafes, hgviog

t bipvalel @iganic enonoflay@ty Kave d8erl HiAdina) By 8 WhiiaP o€ nfetiods including
[ bi.bization aof biologjcally active ngterials such.

BT PR oot B b S eet el Mo of RaP s Fapion of

61268ndd /@ T-alkjdeerwith Hab@fi®fedoSi 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 nifride, 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 functionalizgd 1-
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met hod for nodifying a non-oxidized silicon (001)
surface, wherein functionalized | WO 2005/ 123273
PCP/ NL2005/ 000449 2 al kenes are reacted with
W_'%drogzgn term nated silicon under WV initiation.

3the nethod provides modified surf ZEEEUL2005/000449
havi ng a poor hydrophobicity as appears fromthe
relatively | ow wat er contact aBgles. Modification by

glkg}gs %at:t E %@1 %? %mgt@%%&?}lttglger Uv zmua‘u a,vever the

ecen non- oxX] i
sirethod pm(vaiaa)noéliﬁeﬂ auﬁacﬁs having g peor adrephabinity ass tapmag;l feom the

re?arnva d%rv gu&ileg Cé)nta%f ”@@J I{/Iggiﬁ&{al%g 1lzt Qs heﬁeﬁalbﬁ’%xycfarbonyl

rogen-term na
cpmtemé t10-amih- f—lde@he affowikd kheodifidd mmmhhterdl dkconund B Garface

has.up to now | ar gel een . lited to, the

¢ A e SHiaeb i ¥ onanin 81V & Perradafcnl o freaalupof noo-
amoalﬁﬁa)ﬂydragedﬁérhﬁh@ﬁed&mbw | ayer on silicon nitride
surfaces. For exa té procedure is used in th

10 noBicPRiEsh rreﬁlﬁ&ﬁﬂ%q frf ?ﬁntmme%s‘a&iam hasgp tp goy 6‘?&?13‘1 been

sp@fkd 1oCthe aRstisrliSatioR o HRCAAOO SR "tHat 1RS¢t %g< ag&bﬁﬁ defined,
of nmodified silicon nitrides include a poorly defined

nibifblaygiepn dilicen nitide dutasee [yt aame evvé]@l'é Prcgfiracs used in the
apghiGcdlion A3Micdt ARde Wrti?g)&y 'obtﬁmas%leaﬁfz léﬁ\fsﬁht@ Ndetafshs 10

nonol ayer via the N-alk I on of an w- bronoal kanol c

a@mﬁr 1@@%%%@@1&&@ nitgdes Naghede, a el defined mm@iaye: of 1-
[dzgaN 5 r _
2400 U0 R B L 50 g5 P g pptonatics

ﬂdbﬁolmdvmlblkd Nratkyhsion whnahboamatkendomi@Pt ed in a

P RSB R oMt O (vl 655 2B, opione S5 siicon

ghigiteSsusfas e e cktdHed twith BIF! thGREVIAE teiinfRl S hRAFERH groups
via the reduced nitrogen atons of the silicon

nFhich gan berspavertadyip agrbisguent aﬁn #ith o-Baptirprliaed aliol bromides. In
afﬂb Q8a f Hﬂﬁt&' 9{%340 f&ﬁc%ﬁnélfzrad ﬁps are Dofid rgj:gthé’%ﬂlcon nitride

Tabl e IS patent ['1'cat1 on, the si
asvafacgs Vg?eﬂlﬁmdncmh ggogeaaesnsad ehagedmen aithg}e The ﬁﬂcmbgtoas contain

zaegrrﬂ,&gﬁeaér o;%[gfdg éfﬁﬁg%éﬁaﬁfgie 33 RLEEs 1 SeLARR PR [y | de,

ruam ca con ernanlun1su? a es.
Al t hdua glns uahestea@hpatms therilican eanafpp geranahivinosurfacespee generally

lft%ﬁln!sc? gs éxﬁc r}%tn%e siliChn Catbide> eCIaL{ugn dg-ldgglgqtnléxg:glgr%fca}blcﬁz and

I'con an or “dermani um sur B
cmhqmml srmapiw | surfmsanﬁh@gh rtheme Lemprassicis dses afREAL & Bg person

Ry 355 R RS R 4o S e
sarb i sufficeR oMY SRR NHilEbeh Cak b geﬂmsmaacmrfﬁem gw&di)dlh@ &o the general
orgeIs e b IO P GE a9 B ins ey b g foont 4,
asilicoslahd igBr@tiniunl E66IAes according to the general formula MyCy, wherein M is

¢ither 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 8i; 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 stoichiomeétry 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.



which is known in the art as Sil,Gx wherein X is in
the range of about O to about 1, preferably about
0.05 to about 0.95. It is well known in the art that
the stoichionmetry of 30 these surfaces can

conti nuously be varied, depending on the properties
desired. For brevity, in this application the
abbrevi ation "Si/Ge-surfaces” i s used to indicate

SI | | ‘pminad Slliedn” GBMERS gtifab il AGRS irbthe 8fstdD @tid2aKIE e result
"Strained silicgn" contains germani umatons_in the

&ay%l@ ooy gresPecad RErtheT RE har iy neat Jiipont Retangthpiligane clectrons
SRleBate it thekanaPahd nbhal t1708akend ithdedt MdmphiRd to neat silicor

strained silicon, electrons " experience |ess
Wé@hmh@%mmhffm chipstrap@dsdiceeand pehedsrof porpparperained
ReflEN 15 g,‘;éh éeé‘?sé RoMIGD 18HBk/068Y &@ both
tralne n an preparing straine
gxbme@mdmsnﬁ@mmawuﬂpme dlsclosed in US 6.464.780 and

US 2004! 0087119, both incorporated by reference

herein. Summary of the invention In a first aspect,

Shawneary of the dmwvedtiodn a process for the preparation of a

functionalized Si/Ge surface, the Si/Ge surface being
sel eclneaffirsiasprct Kiergis STAYIded ABTOSESS Ry thsprapprafienef 2

Rt dlzed SL CRBCE MR sursfi@r mani urn nit i de.

gernanlun1car bi de and silicon gernanlun1surfaces t he

$ing eedngted e tpRERumpaRRSdRg ¥isiesn MEdEnyicor REYES nul a
: M&r@émuw‘[ﬁﬁﬁé %e%z‘:ﬁun?"cm@ﬁdecﬁld%’ﬁgzoﬂ gbr$nahilm @Bﬁcésamg %ﬁfa&n

erein a | Ge surface is subjecte
%g%mlwwcwgldsq kgyine thg Eymaled¥iGygvberein Mjip Gpordel ?Iéidiels m
‘{Hetrgag@ B @Bfﬁ' B?EWQQQHE /85l s0FiRe Asubie&be@ v 1of@wing steps:

surface; reacting the etched Si/Ge surface
V@)t piching féle Sf/ﬁmﬁae%wth gip Biching agvat tp P SHbedSYER t he
gengf ke by mul a (4) or with an cu-functionalized

al kyne represented b the general fornmula (5) or

Wt Feaciingither atphed BHi@e @sfm Withan pefpnctigpadiped aikepe repregented
|| NRakKe gbNGHEHa 05 o{:*ﬁﬂi Iaﬁ oM KRNz ARe RaYdsBfePh O

24 Carbon atons, the alkenyl group being a 1
- althegsperabfopnia 67 onwith AraxweE hardfenyl group; Qis a
i near, branched or cyclic akkyayl group having 2 to
24 carbon atons, the alkyny oup being a 1-al kynyl
group or an internal aIIcy Y ﬁg oup; ' _

o

T
]

{3}

wherem 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 alkeny! group;
Q is a linear, branched or cyclic alkynyl group having 2 tc 24 carbon atoms, the
alkynyl group being a 1-alkynyl group or an mtemal alkynyl group;



3a Cis a functional group selected from
-CH=CR2R3; -C=CR2; -NR2-C/(pO-NR2)2;
-0--[((~(W2)pAdgq R; -C(X)XRI, -C(X)NR R3;
-S(OOR ; -S(0O 2K ; S(O NR2R3; - S( O 2NRRR3;
P(O~!)(OR5; P(O(ORI)Z2; CN -Cd; -h -NCX; -XCN,
or Cis a protected functional group selected from
XC(K)sR RS ERUP seleck® k) 3; - OS(O) (R ) ;
OS( B ROR3g3. P(O (R)(OR5);-0P(O (OR1)2; or a group of
the general fornula (6) and tautomers thereof: R,
/ NRE=CRION ( 6)

NR*-C(O}NR;

-O-[(CR ) 0l-RY

CCOXRY

-COONRR?;

-S(0)OR';

-S(0)0R";

-S(ORNRR;

-PO)RNORY;
R(OYOR); -

-XCN;or
_ Cis a protected functional group selected from:
XCEOR'; ' .
NRICOOR';
XRE:
“XSi(R )3
-OS(OXOR™;
-OS(OXOR';
P(O)R')OR';-OPOYOR Y; or
a group of the general formula (6) and tautomers thereof:

o
Y

(6)



3b wherein R, R2, R3, R4, p and q are as defined
above; R5 is anonofunctiional hydroxy or thiohydroxy
protecting group; R6 represents a protected -CH or
-NH2 group, wherein the Sgbotected -OH group is

sel ected fromthe groups defined for - XR5 wherein X
is 0 and wherein the protected -NH2 group is selected
f r onwhdrein RYIFTUR'S R @f dnt  dref a6 ke iMdRZGH V) IR i3 a adodofabi@ioedi n
nis,an int r.in the range oft,s1 to 3. In nd
ooy it PR ol Bty SO e PR vfeed Gt o e
sur f g:om, whbd=ni thaplorctey -QH eropp tcekesied ol elfe giaijys akrnee for —
In a ect ere | s proy t he |

f UncEROMERFD SbfF et p it A0 b S iriee o e
pr epawats definddffoSINRGE(SSRE; fand edebmaris Agnpeada i range of 1 to 3.
groups, wherein the pendant groups are derived from
bi ol ogi cally active groups or host nol ecul es. The
pFesent i naatwd asiecl theretieptpwdddrsoctonda Bt surface

O\ Sk,  dURellonalhdanR O surface, wherel b

al k or al Kenyl noleties are covalently bonded to

the Si/Ge surface, the alkyl and al kenyl noieties
bei ng repjfe (

(1) wherei %%%dlegs aé€1 hl%%ag 12&#0{?9&&% of 2 ﬂl%‘cmnﬁlzgd Si/Ge
al ky#tefaee ey definké phdvene thg gwparhtmm pigSifGe sur%des pamigopendant

at oer%.O elg F&L,]K nA ﬁeneg-&%&%ﬁ%?ehg&j Bort B%u jaie {Qw %cgl‘ée &hups or |

gr oujwssmbleatied from -CHECR2R3; -C CR2; - XR2;
-N(R2)2; -NR2-C(O-N(12)2; -OE(C(R4)2)pJ a-R2;
C(X)XRt -C(X)NRZRS -S(O)O?' -S(0 20R1;
QFRRIPRven D R bsed.e:ﬂ@g;};(rmt)rg 90 a functionalized Si/Ge surface, wherein

- P( i génerg?yg}%metgs’are ?5 alently bobkel 1o HENI/R SIrfAbD) the alkyl and

of t ornul a and t aut oners t hereof

RS\ -hikRS/ NENEt4s béiay rapresentegt bithe genera) forueeiil  f or mul a

(3) and tautoners thereof:

-],

(1)

wherein A is a linear, branched or eyclic alkylene or alkenylene group .having 2to24
carbon atoms, the alkemylene group being a l-alkenylene or an internal alkenyiene
group;

B is a functional group selected from:

-CH=CR®R’; -C=CR% -XR% -NR%p; -NR*-C(OMNRYy; -O-[(CR*N:O0IRS
CEOXRY  -COONRRY;  -S(O)OR’;  -S(OROR'; -S(ONR’R®; -S(ORNRR’;
-P(OYRNHOR'); -P(ONOR; -CN; -Cl, -Br; -L, NCX; -XCN; 2 group of the general
formula (2) and tautomers thereof:

or
\r



N R2 (3) wherein Rl is a linear, branched or cyclic
al kyl group having | to 12 carbon atons; a phenyl
group; an al karyl group having 7 to 12 carbon atons;
or an arylalkyl group having 7 to 12 carbon atons;
wherein the al kyl, phenyl, alkaryl and aryl al kyl
groups may be substituted with one or nore of F or
C; R2 and R3 are independentﬁ& hydrogen or a group
as defined for Rl; R4 is iagependently sel ected from
hydrogen or Cl-C4 alkyl; R$ I's i ndependently sel ected
from hydrogen, -OH and NH2; R* is a group as defined

for R | ected fromt isting of DNA
wngheE bR rap e eRReRiRE &' dhar

pepti des and fragnments thereof; p is an integer in
the range of 2 - 4; g is an integer in the range of 1
to 500; X is independently Orbr S; and n is an
integer in the range of i to/3. In a fourth aspect,
there is provided a Si/ 8 3yrface bearing pendant
groups wherein al kyl orf/al kepyl noieties are

coval ently bonded to t j urface, the al kyl
and al kenyl noieties beiny as defined above and the
al kyl and al kenyl noieties bearing a pendant group,
wherein the pendant groups are derived from
biologically active groups or host nolecules. In a
fifth aspect, there is provided a process for the
preparation of Si/Ge surfa¢® bearing pendant groups,

et 8 A e eSS Rl B SRR B o s
BRGSABloup! & ikadt erdig Havid 7 {0 DIMcRboh a@ifabl yn aglldlg group

roups or host nolecules, 4a In a sixth aspect,
pg jte 19 cambon atpms; ghern e iyt Phsdy ﬂE@w bannielky! groups

| {}%i@d Bl Enely ridiEoff Q@SS as defined above.
%%?a?%gg _esgﬁipévzn of the invention According to
RAend RYam irnidependantiyshysirdgem ens grobp anddiimad & Beycl i ¢

%I’* lfsyilngc%gn&glﬂy selected from hydrogen or C;-Cq alkyl;

R’ 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 1s an infeger in the range of 2 —4;
g 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 110 3.

In a fourth aspect, there is provided 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 above and the alkyl and
alkenryl moieties bearing a pendant group, wherein the pendant groups are derived

from biologically active groups or host molecules.

In a fifth aspect, there is provided a process for the preparation of Si/Ge
surface bearing pendant groups, wherein a functionalized Si/Ge surface as defined
above is attached to a pendant group, wherein the pendant groups are derived

from biologically active groups or host molecules.



al kenyl ene group having 2 to 24 carbon atons, wherein
the al kenyl ene group is a |- al kenylene or an

i nternal al kenyl ene group. Exanpl es of suitable

al kyl ene groups are ethylene, propylene, butylene,
pentyl ene, decyl ene, oct&ﬁecylene and ei cosenyl ene

and the |like. Exanples of suitable al kenyl ene groups
are propenyl ene, but-2-enylene, oct-4- enylene and

the |ike. WO 2005/123273 PCT/ NL20051000449 5

Ac coridi mgixthoaspeatpthitrepia rarpddadas Siie fsarfpcs dboarith BFfat

of t [ t al kyl and al kenyl
gﬁ%?s?EM&%E§$QﬁGﬁ£¥§$&”%§§?ﬂgﬁg i nternal ethynyl ene

noi ety. That is, that Ais in particular a |linear
DLERIdB abav gﬁgn@fﬁgugéﬂﬁﬁhbon atons according to the
formul a: - (CH2) (C=C)q CH2 wherein p is in
the range of | to 7 and q is in the range of | to 7,

t heAg&)%ﬁg% o (fEShve, A (Ca0indabt bRl YorOGFHE  diRgene or
in a random sequence, and wherein the right tern1nus
atkbnyiaz@ ghours hivimgi e do 24 cabomgismse Magmip bn @Hﬁ%ﬂé‘!ﬁ goup ina 1-

afErReieldef el SuBh AL o SpRct oTERAPAMALE frih are

eﬂ'ly}a:he,\/prd);lylm,obutylene pentglesd, dbdlisne atdtasiecionet dnd eicosenylene and

. th%{a%@ %@%?e@l?w%nl S nﬁrg E)r enngme b Z-enylene, oct-4-

en{ieddand theileeC- - (CH2) 9- 20 Preferably, the linear
group has the fornmula -CH2-CH2- (CH2) P (C=C)q (CH2)r,
whereinpis | to 9, preferably 7, r is Ito 9 and g
is | or 2. According to the invention, B can be

sel ected fromthe functional groups as defined
above. Suitable exanples of -CH=CR2R3 groups are

et henyl, 2-propenyl, 4- butenyl and the |ike. The
formula - CH=CR2R3 nmy represent a cyclic structure
havi ng 25 a carbon carbon double bond in the ring or
havi ng an exo carbon carbon doubl e bond, that is
that the formula - CH=CR2R3 i ncl udes structures such
as cycl opent-3-enyl and 2- nethyl ene cycl opentyl .
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Sui t abl e exanpl es of -C=CR2 groups are ethynyl,
2-propynyl and the |ike. Suitable exanples of the

-XR2 group are -0OH, -SH, -Owe, -OEt and the like, 30
wherein Me represents nethyl and Et represents ethyl.
Ve R0 BB 3exanpl es of the -N(R2)2 group i ncl RG&NL2065/000449
primary, secondary and tertiary am no groups such as
NH2, -NHEt and - NMe2. A suitabke exanple of the urea

group, NR2-C(O) -N(R2) 2 is -NH C(O) - NH2. 2005/.123273
pCT/ MesoTiIEI0 6 205t P C%Pﬁf%ﬁggm%wp@@etﬁ hugggntion, the
I SRYIOM MEn Pl hERART GmpHSt RALWDBHS intmalletiyh@Bf moiety. That is,
oxides. R4 Is selected fromthe group consisting (?f

hipat Bgiein aadodsr ehingar giqup having 6 ﬁ%%(j‘?f?"réf“ﬁw according to the
Ne@Ry! and i-propyl. Preferably, R4 is hydrogen or
methyl and p is 2. The group -0-[(C(R4)2)POy-R2
enconpasses di bl ock, triblock, multiblock or
conb-1ike 5 ol i gonmer Sgneps ) ecd.. -O[(CH2O s
(CHVEO) i ]-R2 wherein %ﬁa@%‘@@%ﬁ‘%‘aﬁ% e diblock

pol ynmer consists for exanple of a pol yet hyl ene oxi de

bl pck. and. ol I . 0xiqde oGk. b

¢ RBEEn TS e PR B8 S8 8 s 1o Bl Rt ana
a—(oEdn-ooptionaltytpurtihg Bna axbdax yeqgéme pandevigreimthaeizghiogminus of
group), ,the lafter . being represented by .- as ..

OB Bt . aeh O IPE oiches ot J5 PLERHH Beofids hgross
- G KB wo BEPWIRIEIRS the heieabiisy otk thétols s, Bid tHE QA Provide
e.g. -C(OOwe, -C(OCOCEt, -C(S)SMe .and the |ike.
SHoretAbd izaton g thesnesolaype Examnies of thit [ieeapgropmitani de
groups -C(X)NR2ZR3 are -C(O NwMe2 and - C(S) Nve2.

Sui tabl e exanpl es of the sulfmo group -S(OOR are

“S(O OV and - S(0) S HE-GEHL A @dmp| o6 of 1t he

sul fonyl group -S(O20R are -S(O 20w and

-S(0O) 2CEt. Likew se, a suitable exanple of the group
-S(O NR2R3 i ncl udes -S(O) Nvegd A suitable exanpl e of
the sul famoyl group -S(O 2NR2R3 is -S(O 2Nwve2. A

sui tabl e exanple of the group -P(O(R)(OR) is

-P(O (M) (OVe) and a-(CPR)SEH-GECECHYapl e of the

group -P(O(OR )2 is -P(O(Ow)2. A suitable exanple

of the -NCX group is the isocyanate group. Suitable
exanpb@ferdbly, el ¢REp 3eS BleioRuth OCHPOM(@H{)RICANE(CH,).-,

shown bel ow as L. )
whereinpis 1 to 9, preferably 7, ris Ito9and 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 cthenyl, 2-propenyl, 4-
butenyl and the like. The formula - CH=CR’R? may représent 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, ~OFt and the like,
wherein Me represents methyl and Et represents ethyl. _

Suitable examples of the NER?, group include primary, secondary and tertiary
amino groups such as —NH,, -NHEt and -NMe;.

A suitable example of the urea group -NR*-C(0)}-N(R?); is -NH-C(0)-NH,.
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bel onging to preferred enbodi nents of B. According to
a preferred enbodi nent of the present invention, Bis
a functional 25 group selected from - CH=CR2R3;
-C=CR2; -OR2; -N(R2)2; -NR2-C(O-N(R2)2;

w®pyORE) 2) PO Yy-R2; -C(OOR ; -C(O SR ; - CeO/NRDBRIN00449

“S(OOR; -S(O20R: -S(O NR2R3: -S(0O) 2NR2R3;
-P(O(R)(OR); -P(O(OR)2; -gN, -d; -NCO -OCN,

and WO 2005/ 123273, PCTI N,20051000449 7 HO. / N~CH
H2N-NFEE grean-@l (G WpOlyRa mepresgits @heqmers prd agfymers pf gikylene

Wﬁg&%ﬁ R*Ns L»a-?&ed BohGEO gﬂ}uﬁ LohSstRe R aREE! 85 BdC, alkyl, eg.
enmbodl nent o n Bis a

the present inventign,

f oaibwh, othad, neprrenyp anel-propd dPefeably, EHiORzIRgen ocaefiyl and p is 2.
B ron SRR sk BBttt thélod attel Hhidufldol & comb-tike
t hlsgomgragmd phlytners, 250-0-{CHONAEHMQ IR NRwmain s+3(=0). GRsuitable
- OR:: -S(OIN X =S 2 2 an ereln
; B0 e TR ot 08 PG HGR bECRRU dha
| polg@ppidéney beide Wockallik exigditione thyso whgdraers regpd  goltiver® 4may be
carbon at ops.. 1 ref erab Ais,a lLinear alk n
o FRRed SR AR O R ey Brolyg iy B, B tater
Ebeiing represenpaddlye ORD hyappéars Som thei fomarla.al kyl ene or
al kenyl.ene group i ng. p 18 carbon atons. ,Lhe
o e aHEPE oRareatEs Ok Bk et &R eneRut offigter eroups,
aﬁ.gpﬂu(@j(ima -/G(O)&)Et,lfa(ﬁf)sme bild)ﬂhg tike ed | Si/ Ge ) su ][ f Ialc e,

erejin Si/ Ge, surface i,s subjected tqg the fo i RO;
st epcSultable CpmaRien §F threamidly @ZouEh OF Jusamid 1pons sLERRRGT are
aggOHNIR, iqr-oysmehbched Si/ Ge surface; and (b)
reacting the etched Si/Ge surface wth an _
w f urtdieblp sxaoaies of fthesidiop WES%@SQH 435SO Mp and -S(O)OEL.
genergliabier Bldipldsd bt Uhe Wukidhy Nertiy US@)iGHRTalateZ €8(0),0Me and

al kéne represented by the general formula (5) or
Wi R84 xt ure thereof:

Likewise, a suitable example of the group -S(())NRzR3 includes -S(O)NMe;,

A suitable example of the sulfamoyl group -S(OLNRR’ is -S(0):NMe,.

A suitable example of the group -P(OYR)OR') is -P(O)(Me)(OMe) and a
suitable example of the group -P(O)OR'), is -P(O)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% -NRY; -NRL-CO)}NRY;
-O-[(CR*1),01-R*  -C(O)OR!; -C(O)SR'; -C(O)NR’R?; -S(O)OR'; -S(0)0R;
S(O)NRZR?; -S(O):NR’R*; -P(O)R')OR"); -P(O)ORY),; -CN; -Cl; -NCO; -OCN;

and
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I (5 wherein Pis a linear, branched or cyclic

al kenyl group having 2 to 24 carbon 5 atomns, the

al kenyl group being a I-al kenyl group or an internal

VO KEHIA327Gr oup; Q is a linear, branched or cyEWRINE2005/000449
al kynyl group having 2 to 24 carbon atons, the

al kynyl group being a | -alkynyl group or an internal

al kynyl group; Cis a functional group selected from
-CH=CR2Rt; -C=CR2; -NR2-C(O-N(R2)2;

-0- [(C(R4)ZI),§QQ R, -C(QJXR .

- S(0) 20R R2ROH . Sig)'s

-F’(O)(F?)(OR’) P(O\(OR ) 2; -CN -I, or
-NCX; -XCN;, or . aiprotegted f group

sel ected from N © -NR2C(X) R -XSi (R) 3;

4.4 :
-08(0) (R ); -OS(OJ20R ; -P(O) (R )(CR);
-OP(O(OR)2; a group of the general fornula (6) and
tautonmers 15 thereof: R/NyR6 NON T (6) 20
wherein R, R2, RS, R4 p and g are as defined above;
R5 is m)nofu n hydr oxy or thi ohydroxy
pr ot € | ﬂ’ﬁ °§6 represents a protected -CH or
- NH2 a[grvﬂjéfbmﬂvhﬂrel n the prot ect ed -CH group is

sel ect ed ({w&?mthe gr oups d for XR5 wher ei.n
is 0 Afadireie Prfn?%eprﬁ@m en the BEesFRt EqeR, e% is a
f ROMISARE Zrodly OuRScislef immd f-@H—CNFi%’C( XRCr2an dOR‘a NR)y;

mhereln nis an |nte r in the range of 1 to
A&d@CdRr}szQb elshydragaaror methyl, Rgs £ andyq muorliteger within

| Bt hQaalr 1hyi§692©’(0%111, C(O)NRR?; -S(O)OR; -S(0);0R; -S(O)NR’R?; or
-S(0);NR?R?; and wherein n is 1.

It is furthermore preferred that A is a linear alkylene or alkenylene group having
2 to 24 carbon atoms. More preferably, A is a linear 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 S1/Ge surface with an etching agent to form an étched Si/Ge surface;
and

(b) reacting the etched 8i/Ge surface with an e-functionalized alkene represented by
the general formula (4) or with an w-functionalized alkyne re;;resented by the

general formula (5) or with a mixture thereof:

],



t hi ohydroxy protecting group. Such protecting groups
are well known in the art as well WD 2005/123273
PCT/ NL20051000449 9 as net hods for addi ng such
groups to -XH groups and nethods for renoving such
WP Y0EEP?Rg groups under conditions that do RET/NaIRBFHN0449
the nol ecul ar structure of the functionalized Si/Ge
surface obtained. 15 Suitabl e eganpl es of

nmonof uncti onal hydroxy and thlohydroxy protecting
groups include net hoxynet hyl thyl thionmethyl, 2 5
nmet hoxyet hoxynet hyl , bls(@- of oet hoxy) net hyl

t et rahydropyranyl, tetrahy t-hifopyr anyl ,

4- et hoxyt et r ahydr opyr anyl ,
4-nethoxytetrahydrothiopyranyl, t et rahydr of ur anyl ,
tetrahydrothiofuranyl I-ethquethyl

1- net hpx t hgxyet I en et h

t - but Jper g‘ﬁlﬂn% i ’b%ﬁz‘#“"h%f‘s?’i %ﬁ[j e‘%?’u t*ﬁr@ayﬁ to 24 carbon
trip h@t@ﬁﬁk Btk Hlldanyl oup biihg a llﬂd&lﬁ‘yd%fouplof art ﬁlte&[a@fa&éﬂﬁ group;
that the nonofintti onal g¥ggmp¥ or thio g y. 10

pr ot e8t1F AYeEAtduRRaRed WetE BTRPR Heving ZFbi‘b?afhaqnl ajgms, the
benz ylalkytﬁfﬂ)b'ogﬁ'ﬁélhg’a syl r bk intevhal alkid eroup;

- tetrahydropy raaﬁ It I's even nore preferrqp that the
SR

10

15

monof Grige fupatign Diﬂ;’@“’érﬁom hCERGBrR X jCH5rRs ¥R FRE)-NR )
group_ g@?ﬁ%{ﬁﬁi fr o %ﬁzyl @Pg, NREET ah;géf)mr anyg(o) OR';

Sui tab rodp are

tri metHONRRY S(@hNBﬁhyl%(ﬂ)@ﬂ YORD rR(@&(@Bo}aw@ilﬂl -Br; -I; or
i sopr dis gyIS|IyI t-butyl di nmet hyl silyl,

t - but y[ dipl enyIS|IyI and 15 tribenzylsilyl. Methods

of t h€ is aprordiad finotiormhgronesabeeted fiofn: such groups are

wel | Linth 1 r ef 1,

funct :Sgﬂ?% gr OB]E( @gﬁgc’t egu‘? )% @IB—%RZ% 03(%{—(\5’2 :0S(0x0R;
- NR2- GO)RN(BR"); m(@{(oaﬁaé)azarm of-tR gener6) QYrORS(6) and tautomers
C(O)g! Réz S(OOR; -S(0O20R; -S(O NR2R3;

-S(0O . -P(O(R)(OR); -P(O(OR)2; -CN, -C;

and 20 -NCO -OCN;, or Cis a protected functiona

group selected from-0OC(ORL;,. -NRRC(OR ; -CRS;

<0Si (R)3; -08(0) (OR REA - OS(20R.R6-P(O) (R ) (CR);

20

25

-OP(O(OR)2; and a grou
and tautonmers thereof whi
R6 represents a protectedNs
the protected -OH group is™g€lected fromthe groups
defined for -XR5 wherein Xi$ 0 and 25 wherein the
protected -NH2 group is selec¢ted fromthe groups
defined for -NRRC(X)R ; wherein R5 is a
monof i ncti onal hydroxy or thiohydroxy protecting
group; and wherein nisl. (6)

e general formula (6)
shown above, wherein
K - NH2 group, wherein

wherein R}, R%, R%, R, p and q are as defined above; R’ is a monofunctional
hydroxy or thichydroxy 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 -NR2C(X)R1;' 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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Even nore preferably, Cis a functional group

selected from-CH=CR2R3; -CECR2; -O[(C(R4)2)PAly R
wherein R4 is hydrogen or nethyl, pis 2 and g is an

30 integer within the range of 1 - 10; -C(OOR ;
W@@@ﬁmﬁg; -S(OOR ; -S(0 20R ; -S(0O NR2R3;PCT/NL2005/000449
-S(O) 2NR2R3; or Cis a protected functi onal gr oup
selected from -OC(OR ; -NR2C(SO)R - -0Si (R) 3;

h
21 Rt Rk S AGREL LR ) ﬁ%'ﬁ?ogs PR PR such
prpottedting dyrouPhi uoder WonE00S/ A SotREELND2 ORBODD $#8oturd O the

N I S

i and diotydsver @roneduhg gwomsembmde -t xgmethipl, | iethythetictiel,

PR bnal - hy G eose ek oxwertetrﬂwdmpmﬂ
preettedrothibp@radylp 4 xaaﬁomaeydaopaqangl 14—ﬁeﬂ=‘16>6}@¢’tf$hﬁ9‘othﬁ)pyranyl

t he sent jnve eferr that Ci1s in
| e By} Grroietramiie oo e hpihrof mhdetyl, 2
Capisagdasiyethyl, te-tusyl! REVIEHRAB1P bﬁtﬁ@w}e Gubdtidited R€phenylmethyl

funct| onali zed al kene is_a w C 1-al kene_and that the
f $HEYD-Havsvsedt a1 Ripfarefsthal the dranotupciigngh hydrpey! or thiohydroxy

0)pst &&ﬁiﬁ% igRAp REleRBtcd %Bﬁﬁﬂ@ u;oaféuls}? b&iiyiosﬁuoaw%&ﬁﬁ}ed trityl,
atons of the

al kene or resgectlve y.

A@éé teehylreryrapvhdsis qyen momrsferrﬁ & ﬂwé’epneﬁaaeimnnéehﬁdmxyl or
0 he E’F’f ﬁ%&@&m BYoRRid Rictell ABm &hﬁ@%w@& &Bﬁ?ﬁ’nﬁnd

groups Q conprise I"east oné i nternal
et hy n)‘B fmmelw ofTithet -P¥R )1 rﬁt’“PP ah drigetylsilyln triethylsilyl,

p

D3RR LRI LR A1, R o

( @WIM-MMS of @w@ul(rmt)cm {nar@peyalpucipgrowpserreivall pnown
})Jga%'herange of 1to 7 and q is in the range of |

to he groups -(CH2)- and -(C=C)- optionally

occur Prefigably, € fisarddmnctenl egroe salncted/\kf&mel-ﬁ:}lmzk? ght=CR?,

| PHEE By » BRI The il s 2 ONRY Sior,
CBWKCF@@NR%I?QSIOQMR? -PEOWR )(OR) -P(O)(OR )25 -CN; -C; and
“NCO; -OCN; or C is a protected functional group selected from -OC{O)R';

NR’C(OR'; -OR’; -OSiRDz; -OS(OXOR'); -OS(OROR'; -P(O)YR')OR);
-OP(O)(OR");; and a group of the general formula (6) and tautomers thereof which is

stiown 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 monofunctionat 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(R")),0)-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(OINRR?; -S(0)OR!; -S{O)0R';
-S(O)NR?R?;, -S(O}NR’R? or C is a protected functional group selected from
-OC(O)R'; -NR’C(O)R'; -OR’; -OSi(R");; and a group of the general formula (6) and

tautomers thereof which is shown above, wherein RS represents a protected -OH or
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--CCG(CH2)a (COQv (CH2)r 30 wherein pis 1to 9,

preferably 7, r is 1to 9 and gis 1 or 2. W

2005/ 123273 PCT/ NL2005/ 000449 11 The etchi ng agent
referably selected fromHF, NH4F/ HF or H3PO4.

WWP 2R/ HF i s used, the ratio of NHAF t o PFF/NI2005/000449

preferably 1:1 to 20:1, nost preferably 5:1 to 15:1.
I\/bst preferably, however, the ¥tching agent is HE

AR e PRGBS R BBl s s tor

Ivdm@in:]ﬁus@ aa@; ezherenﬂheumabﬂe# Nﬁegfoqsasaeleﬂéd.lfmm Ithel gloups

fl sin out 1.to ab

aedm{mo SREORL BReSATRY b ) HonoRRBipal gy 87 RiShyarosy
qirmhmmggag@mndwl’maaedmh the total weight of the
sol ut| on.. The etchin can be Prg{)for med. as |

wel | AKOrding tp the prasey ’eve ny if isprefsied, that {5 in e “bP‘-’S‘“‘m of

Whé Lb!ﬂ&hyloﬂﬂi |al?k§ Iakﬂﬁﬁﬁéesc&iéedﬁhﬂﬂw ri€Ss YWerefore referred that the
w-functionalized alkynes may be used. Step

flupqtieaalized alkpre i &rd-6r hrgllienerang what H@riimsnogaiwpct alkm vag gt-C-1-
ae[l]lgmgl Y At p%gluheggﬁé ﬂ%ﬂ%ﬁ(%!llt &n gleerﬁl:nbér%ff citBon 3{) :EJ Stl th alkene or

Wwave TTra organi c Sor
pallefnesradpleytiselyhy dr ocar bon such as nesityl ene. Hovvever

accordi n the inve Lone St y erforne

o ¢ oo ot Phgted ok el Bpb it g e o SvEon, e
saﬂkefn?kégou@ P aﬁtﬁﬁchlmmyhigree;?t(}fcu?phseom adasz et ialek@N&hynylene
accor o, the era qQr a.(4) or neat

FONEY] ﬂ;ﬁa3|lf=z%%}'}’aﬂt%§§eﬂmm? i ¢ bk gy RV 6 to 24 carbon
f s cordmp.to e fokauds: t ant advant age of the

functionalized Si/Ge surfaces is their versatility,
I.e. that they can provided w th hydrophobic or

hydrophi lic properti egpdeperdrngcee)ldg, nature of
the functional groups B, which'in acPdltl on can be

converted into other groups 20 as will be apparent to
those skilled in the art. For,gxanple, the functional
groups B may ne nmade ionic, e.g. by converting am no
groups into cationic ammoni um groups or by

converting carboxyl greups c carboxyl ate
groups. The present m&%ﬁf "1Et ?#‘fcetﬁﬁzrel ates to the

use of the functionalized Sl /| Ge surfaces in the
arati.on of Si/ aces ,bearin 0
RHERan A Ranema o5 e ihd § SR e Rieet ) R BaR g 28 anc
bi(okOpicpabddajty dcdurN@y Bl 0rdffonOEcqi@fict, %0 vaeitiPhe i terminus of
P and Q are bonded to C. Preferably, the linear groups P and Q have the formula
—CH=CH~(CH_),~(C=C)(CHy)
and

~C=C{CHp)-(C=C)q-(CHy)

wherein pis 1to 9, preferably 7, ris 1to9and qis 1 or 2.
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di scussed in US 6.569.979, incorporated by reference
herein, the biologically active groups may be
proteins, DNA or RNA nol ecul es or fragnents or
derivatives thereof e.g. single stranded

B 18t Peot i des that have for exanpl e been PGTAHE2905000449

gene sequencing, drug research, nedical diagnostics

and bi ndi ng studi es of |igandstlto 30

olig cl i - Addi 1 i I ﬁﬁhﬁ Leso

may gggégﬁg%%%%%%F&%&%§PBQ%#3%3§?E§ggggﬁ%nersggr3 + When
f NHgHETi$ ssedtle deioi of 28,V ¢s HF heprefetabinti 1 no 1 ahosg prefeaatdy 5:1
pol.xsacgchari de The present invention also relates

g T BB By, e S SR g AR B0 Wbt o

al kylAdebrdidgke thel inventiad, flesstchingdepiinpdfoahed/for arleast about 0.01 h.
covgl%gééé bonded to the Si/Ge WO 2005/ 123273

PEFPRIE 71000449 12 surface, wherein the al kyl or

al kerbhe ctabingtdeerd iD@akllyouses BOasdlutinGhl patepsaildebrikiby cdniprising
their wposition, that_a eriyed fromhiol ogically
webont 1 o Bl 188 ol T atgut {do o W et s Bne Yeert,
t Busé @5 e Sdthll Weghtiof tHelkBlud6H. The WRBinPisteRa® BE h@tRBed as is well

beari ng . pendant groups can be prepared fromthe
f ke B Stz ed SUGe surfaces as di sclosed 5 herein,

wher gh, Pst‘e?rﬁ@ hbRGd AAkuBEAARIBIRLAY bdRixturld JHd-Rfhctionalized
nmeans fo ondi ng the biologically active groups or
hdknepmhayced vsed. Bisp G anay| farthamneey by perfgrmedn gingingrt organic
t, Yo, ifi ' . . .t Qe
h%)Z\%enp er&“@gYa‘PJd t@fﬁpﬁﬁ%ﬁg -e.g.afglg]tgf)}%i og%m? 21&1%1%%9 1r}a913|%01’1. The

nmol ecul’e beari g viously

i ineB drgandc Poluerd cisepreferabbt aomalrocgrboupsusiucl mesitylene. However,
-5 roup.  B. t ARi st rotected prior. t

(e, Bl o MR, 0 ) b B ML el e
cached ¥y/Ge cutie v waged Wwith mal funbidonalined ratkabe scsotdivg to the general

rson,skill in synthetic organi.c.chem st oWw.to

PERARR (9% atd Bt oS o Rl boralo e o
pendati improdtifiSadvatispepifabe fitictionalizdtdigie duifacesfiotheir alesatility,
rel at to a pr.ocess for e pr ration of  Si/CGe..
i MabBey SpaPYe il e B Rt dtopeieS depending on the
f hengE bm&g |ﬁiui:ﬁ6ha5iqgfo€f§s Buklietca additiah bacﬁhe@npateg ix%ne athdnNgroups

roup, erein e pendan r s ar erjved from
g‘i‘%?“ﬁé’F apgarept 51:‘3‘?%?@@% H’gfg‘e g‘? (#‘J?g E’faml’iﬂé gﬁtfr‘%‘é’ﬂ?‘é groups B may
Ra6 watis ioaltle. Bl HBEemSértny hfitio SHIUPS fnt® batiobR AmBRYniER 8@Bups or by
silicaon nitride surfaces (1 cn2, 200 nmt hi ckness)
2RPOYRIHRE CREPIY] STRUPSIRIO FBICRIE KERORK1At BOHPSvaf er s usi ng
| oW priessrdeat Glventdnfurthald AllatesdRP BRI fide OFF thENBndtogBEd Si/Ge
than stoichionetric Si/Nratio may direct the

chiarest inythe preparatipr oA SHiCerfufacest bsppnggendaat eMaps Seherpin the
Ofenddrdt | 2 Qps He erivdd! SR ARbEHOMyDIealE SRIUFEBF Hob Rolecules. 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,
¢.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
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HF sol uti ons and nonol ayer attachnent. XPS

nmeasurenents show the presence of Si, C, Nand 0 in

sol vent - cl eaned but un-etched silicon nitrides (see

Exa Ie%); the 25 presence of Cin the unnodified
“§5w§$ attributed to environnental contaRfHHL7083{000449
Pr ol onged exposure to HF | eaves the nitride |ayer
largely intact: al nost conpletE renoval of oxygen is

g4 f

C ARGyt Wt R Rl n it b 8 p B IAERES i e
X@&osmem,tthaa afdedr@Nyom biefogically alivagrdupsiar bost fimjecules.

et chi 2 50HF fo ddi ti X-r.a
PR il 16 et oo Ml o, 8 SCSheH Sile Sl pearing
Chandge groups lten de Iprepared rtdni itdefuhaioadlized iStkin eatfactp @f disclosed
etchin The, static ter contact a e 0 was found..
© BT et R Rt e Sns R g e 5 1Mhkihg mlaR (e D the
fbﬁ%gid&llbs @rhjéta |gﬂﬁl,pg iof glbst atdlagleb. f'll'hrfe@ailﬂjﬁ? [ ]ﬁl MnagTbet 4he-O | lH group
€ess ol ar i -H onas se ce O artil a .
DR Y WO e figaion oy h“eﬁg’@?‘f ostRlggul %g?wg @farooxylic
\@oapo(m&g@?& BGI aNeatOE] REOHAS grédp bichelksd Nagi®e; group, B

silicon nitride surface |ower than that obtained for

S s lgerotesed prigria deddrig of B hest, Boleghip Grring fa carboxylic
OX ANt Wi be bpaRiR® &Y ﬂ’l@ %el%ﬁ sEn&t 8l lcSorgdnid &R&istry how to

partially due to dee errbedded at ons that cannot be

r eerdvetcthe sprhesesc AT A ¢ syiifcesnbegriag peadent gioapsdihe present
em%ﬁoﬁdth&efoﬁe als§ &}Qltaf&/ o &l pl{)a’%s Y B GfReautiol ! Si/Ge. surfaces

fraction surface re-oxidation can probably al so.

nbeatipg m@mw@ml Wheeeaio afunpmr@haqda?g’ébe surfacyliatiaplied de a gendant
t

rBap S GP e e b A ch ol tidtoBEARRER froupy o hos
byofpedlstiri ng 0, is shown in Figure 2 (Variation of

the static water contact angle 0 of a

1- hexadecene-deri ved nonol ayer on silicon nitride as
aResmistand Wishssiowact i on tine). Stable and al nost

densely packed nonol ayers are 10 obtai ned after -24 h
reaction tinme (0 -107). This is rmuch better than

obt ai Destrist kidivon-erttiehed silicorgnif@ie- B8hceh (1 omfj 200 hm thickness)

attrihbuted to t o t ion . reacti.ve Si -H
£ efel oS’ 3p oRSsheL (icbRoviteny B ' p R | Sgfeal vapor
f depwaitivenT el Bxgheronms sfomhrmﬁéﬁﬁ BI/N ratie edaly aditeba thesét@mwisry of

cl.ear cre of carhpp on .

nﬁ‘g‘f"f‘ﬁ i, If}r e Sﬁ{wﬁeeg R’f‘{g}ﬂggfl’fg}n bytreatment with

( HFgsaluEion: aﬂ%rﬁ%@eﬁzﬂﬁﬁﬁﬂi@t QfPSSmBeNKreﬁﬁﬁtg trsEon tef@éseneef Si,
e af t a ttachnment o

ﬁh@iéﬂ@& V‘H&“ ‘Hy shed ¢hed sllicon \pitiges) Eseerﬁéa@]gsl the

S bk Sofilim thOudrhelificd dsmbleqmtrmmﬂ & aRtrofR& Rl ¢edarhin@ion.

S -C bondf rmati on ?49and 28?1ev, .
Prolonge exposure to eaves the nitnde 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 SizN, 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 8 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 0 for the
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respectively). 14 The shoul der at 286.9 eV that

appears only for nodified SiS3Nx is likely due to NC
bond formation. 14 No precise indication of the ratio
of N-C and Si-C bond 20 formation can be given at
VW8 PHde, but without wishing to be boundPEyNEHYS/000449
theory, the inventors believe that both these data
strongly support coval ent nonol3ayer attachnent.

'ﬁ%ﬁﬁﬁa‘?ed"&h&&heml:u?e' K]E%S g e O%Aé%ta‘iri%d %Ptﬂ—tenninated Si

reactlon m xt ur es
1962068 Ilﬁxunpuaé asyoum\/\bﬁ etygpoithat 3s pbﬁetvhé aftonr ﬁlalmnms off least

garﬁzh g | sgﬁ%gﬁk di r%bg?&i& aq?rg%/ﬂ{? %QQ{ %%ﬁ%‘%m eth¥hE, but

2*:'yhx(:}a§aen=1 tlm&:ﬁshamn emccﬂedufto a)ﬁe"dameé late tiei wrfagh&osmmll ftm:tlon of

trosco ol 1 RAS3
S RERGEREERo it el afports S bRt Ty
Sym”IE‘I"lIeI affe@HEY the irkacabdd t)ms cat tha aﬁ&tﬁmﬂ 1 h8%dlecmd monolayers on

BB EEs utB hieRcEDSRR v o

Be Qia Y Fater EdhtREsHgld ©8 a 1 Baaad@deﬁ@d&%m Enon&@yea on silicon nitride
significant degree of disorder in these nonol ayers,

ags @ Hnogien lef geactiop m}n Stab1¢ gn@@imost denselyi prckedompppleyers are

t r
oAt 2t kLt B 1870 L6 ol Ay 854 BulEhd withou
THE eidhitpn®eR3)dt tvhichus auiﬂnm td itisofottaation pd tdaictird Si-Hdonds at
t e syrface u ness of HF-etched silicon nitride

FURASE VPG PRERBEy also to a slightly dimnished

pac Ki &efcﬁllﬁdholéﬁfeﬂfﬁﬁnaﬁéﬁ lea)éﬁihes 1620 20B5C 2ot that show a

: PCTI NL 05I 000449 14 Final |y, Eggctl onal i zat| on, of

15

20

25

30

Flex dnsieie uipe ARop of sarben uriinodsiction alterdieidme intervals

¢ 8i kb onogibanes s Rford @Fetey @ d afie I
g—@HCH- (CH2) 98%0(}'20:1%3} EX% Qfe i € ?ﬁg@%ﬁ) an r monolayer

| F@mlsnamoa 1drxadserne; fob 2gnd By ﬁeSﬁF(t“r”Flé!é Yhele&% Slmaé due to the

Vi 1%1&&9%@%5?%%%@%&& $iof Sdndl foRRatint (2399 éMdt h83.1 ev,
di fTerent 4 kenes. ht) C=0 vibratjons afte

r eapectiviy)of The shoplderg Sﬁ@ p‘,\/d@at\ﬂpgqqrs only for modified S13Nx is likely
ﬁﬁ%ﬁ@%@ﬁ DahiaO* Ko &@Jl&rlﬁ‘diéémm @f‘ﬁ’ie ?tho%rfl\(—@and 8i~C bond

rol ysns{) Attachment shows i n
DB

aﬁp@ati ven {tHgs slagee b@hwﬁlguwmla@ tOdw batmdlbmw theary, the
F@m BeSL Pﬁlh&% fRke &a&%ﬁ%ﬁ guggu;ee&»a%% dﬁa{ayer attachment.

rolysis o nmoi ety under basic conditions
( 0. 29niepeotofigsi latkdne Sordontrasion den¢ah reBNS@)mixtmehs y@ddst rise of 6

f t _Thi \ | the. IR

BT iy geiten aBpte ISBiE Boi o P dorel o gemsey
f ﬁ&ﬁeteﬁw%ﬁhmmniogléﬁy&mﬂd;ﬁ tﬂ&kﬁu@zs Ao nidjbdﬁ(ﬂi %5 h%h @fdehhg fn this
noli et unaer acliadl c co 111 0Nns re
f Fa5tn 8583%"“82‘33’ ipfrace ecffag, abso “BPeSPPW"tS‘F?QYIééﬁéS 1 em”

S RASHiAH)) IRMN S Hieldy | %01@658J5Hdﬁﬁg t@fanﬁjgﬁmfﬁe@c Shd @}@Jﬁemc CHa

frequency from 174 1640 cm 1. Stabilit
vibrations at 2923 and 2855 cm , respectively (see Figure 4).” hese 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 em™) 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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al kyl nonol ayer under these circunstances was shown
by a near-constant intensity of the CH2 stretching
vi brations. 15 Exanples Exanple 1; Modification of
silicon nitride surfaces 20 Organi ¢ nonol ayers on

WY1 Br mi nat ed Si 3Nx surface were prepar EHT/2005/000449
pl acing the mafer in refluxing solutions of 1-alkene

or I-alkyne (0.4 in nesityldne, 8 or in neat
1-al
i ARG A i e

acha elv@maoqﬂmnoltepteoﬁelasrednﬁlten&G}O%?(@ICH;MQO@%CE, Example 4
SO| V nt % & @%%Z%aga\gﬁléne%ﬁfied%ﬂmg th#cig!(ﬁﬂ%&hzv %{ano%s after reaction

on~ni
Coﬁtlhcbzs nitmdkomt]ﬁ Hifferent A -atkeded (rtgﬁ:) <I=dplvibrations after reaction of

THECDE P Gt GHE T Gy bEDR TR, e 0 PRAREE [ hroysi.

Nmtacuﬁem tHowe KNIRRAS the hppearandeO6f aNO24ftchimg\Eb@atiots &d1740
in this work, Silicon nitride s | es. e first
P BT O fy Sy B o SDRTas SIgbisreiey apfisy basic
pwlﬁlt@ﬁ@tmzm%ﬁsmeed:-um&)hd@ntms@ﬁed@wewwlw 44°. This
the wafer is sonicated for 5 mnutes in acetone

swps abse isiile do e (RRAS spestinde Whirhayipldp pasify of the C=0 stretch
C h@@l&g&l@/ dé%ﬁ hh40 8 &1 b4 Bty sRRF1a2RbielyAlndd amd’ﬂ; conditions (2
follo y 2 X

mnutes in oxygen plasma. Hydrogen
N Ii@@fﬁﬂﬂa@@mnﬁim tNB20 05000 4149 visibh méhqmdst& spertiug, which

[ n o HR .
Bhhf 1 I AR GR SRR AP e SRy of e
s alkpll xeomﬂ;aypi aﬁiedthm;et diicnmstinces Wad slomindyteatdar-cdisaht intensity of
ﬂl sﬁt |ts solution in nesitylene (10 m,
i ge F%g HORS- 2 smal |, three-necked flask
fltted wWth a nitrogen inlet, a condenser with a
C@FHZ tube, 5 and a stopper. The solution is then
330pk hated for at |east 45 nin, by refluxing it at

200C, while slowy bubbling dry nitrogen through the
solutlon Subsequené$y a freshl hydr ogen-t erm nat ed
s Expmpls 15 Modiicatign pLsilicon %‘Efa‘feﬁto the refl uxing
solution by renoving and repIaC|ng t he stopper

qui ckly. The reaction. time varied from 2-24
Fi nal Piganic monglayass prohisriermmatsdeiN: sutase We%?rmenaﬁ:g by placing

3@59%?%&%%%%&%)/%%@@5} “’;ﬁ’% Oégzoaé@ikqoalwinymm&iene or in

neat 1-alkene at 165 °

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



10

15

20

25

30

Exanpl e 2 For XPS and water contact angle
measurenents sanples of 10 x 10 nun2 were 15 used,
for I RRAS sanples of 30 x 15 m®R2. Silicon nitride
surfaces were characterized by static water contact

WO A 24 sur ement s using an Ernma Cont act AnBFENeP00449

G1 (volune of the drop of dem neralized H2O = 3.5
), and by X-ray photoelectroﬂ spectroscopy (XPS) on

Qem:itgd%éa@ﬁéﬁ &XM}('@I%&[ glife sa\M 6'3 RS 5% HENorSPRifufes! Wile the
k-a 1486 i ne at . wth a beam

oﬂf’éhﬁfﬂtb thedF 1@@0@ apﬁrﬁa@lqlsaﬂawil‘sﬂ@n pRaugsaaishattal i zer

and the FAT anal yzer, node. The bi ndi ng energies were .
cal i BYeat b¥leppdepene s diseselutipy insmesitylepg K?‘b %.ngtr@)aced in a
Sgn?amﬂ&ée%cﬁéa &M ﬁul!@ it ahogaﬁrmp & es%&rﬁaem HiE0f, tube,

ori gl nal un- et ched but sol vent-cl eaned [ 1 con
rﬁnci i stiwpers Thsaipticngs fieg deexysenalepiarat éqa@dﬁralm\by peiluxing it at
r t
(B lte Ay BULBHFE o) S Hlon e b RGE STy o freshly
(dtogeSteamivated silinon intRidSovadentis frapped mto 28 teflnxing lkolution by

JebpE Al il b ik ks Pfof Lk Virigd figm 224

efibdilyy the- pditeni wadaliopad ab [cedl) andr the sgnpiar\ivwe:dmoved and rinsed
di cul pect to the pl ane
$&mﬁ¥a33W§g%ﬂk4g€4sadﬁkﬂtﬂ¥{g§%f Si ngl e channel

transm ttance spectra were collected using a

spectral resolution of 1 or 4 cm', using 4096 scans

i ¥xamgpde A neasurement. The spectra shown in this paper
are the result of spectral subtraction 30 of a

sol vent-cl eaned silicon nitride sanple that was usedz

as a Hon&b§rand rwhterrgniapfcanglspacasyromendd sanmrdesngfdliOf ¥ &@) mm” were

'ﬁémﬂ%@ﬂﬁe@a}m@; 3 \‘?xglg ﬁ&fi‘z iR Qn%d]f R QIQre(cﬁo@rac erized

|Iné snoot heni ng or Sso es were rst cleane
b‘;y flativswater m@cts@ml&:masmmems asing endrmé Kogtayt, AfgheMeter G-1

. e urt [ cle n for 2.X.3 MmN iHP _an _
YS0BR FE AOHOF  EEEASS T B5Ja7 o ' R oo
Rpdd N9 SR O90AADPHI Quadhes SEMGh&hive) Wil & XlrdyZbrce the Al k-c
(Harrick PDC-32G, and used directly afterwards for
tH§6 628 Y diaarmbrt-SolV. pHlh Adsun Ajmeter0fel 00t B, psl-Haded ra

'&uﬂ&&er NREIthey Fﬁ?f%%&%é;ﬂ%s iThy/ bER& é]erg%s Nore c@tthted with

shoul'd bBe fully covered by the solufion.” As soon as

tiaepeoidp 8t 21 eorpgbppnding t¢ ﬁla184 1Ab8eY). ¢ tiad swréice KPS spectrum of
ttﬂgeﬁ%ﬁtdn%cﬁeﬁ it QULRL it e& Sﬁééa&if’mﬁqgé s Ifﬂowr?% Bourd§.0 €T

ayer prepar ation t ers ar
cl eadBBAR Sptpiq@emr@memeéton@rBr(m -Tgmsor 27 ETHRspéctromaigr, using

' or t | i ) |y _
& SO R IRMAC LAY AR B3 Daud sbadl) YEHIG W60, A
vﬁmﬁcld@idaptyarmeBWas ilnsdlasirini Eontvod thedeteblef, endéwasesed Tinencasuring
spectra with either p-polarized (parallel) or s-polarized (perpendicular) radiation with

respect 1o 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 so0). 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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resulting wafers are stable under anbient conditions,
i.e. no change in static water contact angle was
nmeasured for a |-hexadecene-derived nonol ayer over
stora e for 1 10 nonth. Exanple 3 Silicon nitride
WO EE™ t h 1- hexadecyl monol ayers pr epar e BCT/NL2005/400449
according to 15 Exanple 1 were exam ned by X-ray
reflectivity nmeasurenents. Fi t1®f the X-ray

r SihdrSf biedietMeMiRled Diherdch emﬁ@daé) eﬁd%&é %scﬂ)n Qﬁé‘r@m 18 the

nonol ayer thickness of 18 trom Exanple

smbhrmrtt ¢f e repnglayee Hmmfavé m@cf:dwmd@tdwatﬂw reéilllklag iesitylene
1)0Q§d 8 oa% fuh{/] cBferdll &y & s&hﬁ&p AsSobit gso@le Yol 1§j§laced

sanp es wt exadecyl nol ayers prepare
alobo i mepitylene Evtutigrl, dhel saletion idi boprghit tonrefiye rw.ldm oB@ s After
fie
golégk gﬁeba(l): EGnS{ﬂU n?(%hf\i,e\g%arig% g%t Lg&?éd %tﬁgaetrgleum ether (40-60),
aéth:mot edd ichlorammatlmnt Iﬁleﬁx times epthy. AN pdwcmsewbmldmﬂleabbefore use;
hour Olid an d sol utiops.

S@ | ghatlkeaeésc ?Iledzisl eagkyngg g dOUb? %fsgg cb‘ﬁ%l actac%%lbg ore, pge. The
otesxﬂnn@drafei'sema;tab&r und'e'h emﬂmﬁr ermﬂmonn iteh @o whirgge in stat]c water

SRR Bt s s e PR e RE O e v g o 1

nmbmhde sanples with 1- hexadecyl nonol ayers prepared
according to Exanple | were imrersed in 0.1 M

aqueous sodi um hydroxi de sol utions for different
tExa@npleer val s. The nonol ayer stability was nonitored

by neasuring the static water contact angle and
recordi ng | RRAS spectra of the nonol ayer. No

si gnidikideanhitride aR@HldsNwith) 2RadctdB dbdolayers prepared according to
PCTINL20051000449 17 the water contact angle or the
qtrsannls 1 owere (rsampard dys Kaey reflegidtopsaseamnisp Fiy ol ibeglray
hRHESIVR) dafaf BF TR tmodl MG §RFE indiEAL 8Cho@RGP thickness of 18
decreased to 90 after treating the nonolayer for
fOgStA®urs. 5 C) In alkaline solution at pHell (al kyl

vs al kenyl nonol ayers) |-octadecyl and

1- hexadecenyl -nodi fied silicon nitride surfaces
pExmpled; Stag'&'@f efi erganip momalayers inacid and plkplive solptions.

Exanple 2 were di pped in al kaline sol ution,

A) In acidic solutions

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 tﬁe 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 menolayer 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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pH=11, at 60C for different tine intervals. Mnolayer

stability was nonitored by neasuring static water
contact angle, and further exam nation on the

stability of the 10 nonol ayer was performnmed b

W%@B?’W?% the | RRAS spectra of the treated 55%1@@51000449

The val ues of water contact angles of 1-octadecyl

nonol ayer attached to siliconi7nitride decreased from
08 to 104 after hour. e se ndi. tion

b come i ordn AU P TR RAE Sheck U boffiR wp to tree
bglesf Séahbdti THeredter,t bmtavhtapple cdacteasti @nfl’eafianirsating the
dechaSSQ_érggllo8 to 102 after 22 hours under the

SHPE G 'CHIE™S- 15 Exanpl e 5; Modification of

Silicon Carbide Silicon carbide powder (1g; 400 nesh

i.ng severa

fram Aldrich). was first cleaped by rins
- (G deghgneolian ot Ty Glkyles g@@'ﬂ%ﬁ%’.ﬂ"l@‘ifﬁ@equent ly, the

POW @LoclaBec§P Nting Al BExdd0EenyRRodifitd N®S niinds Guffi®s plBared
dry powder is then cleaned_in an_oxygen plasma for 10,
REGPIEIRSG 1¢ Sreampihed, descpbry) iy Example Zaverd iingsg 1o alating solution,
iR 4t ®@BC bl BHReaD HhR' iichdld. Monoia§eroRhli) 8fhsb¥onitored by
I pping the sanples in 2.5%HF for 5 mnutes. The
(RFABHSINE | static yeyier coptagteangle. andt Bger examinatipp op dhg ptakility of the

%%ﬁp&ﬁﬂas ?&féﬁﬂéﬁ 'B% R oMfirthNERR A GREAHGH toatdiREmples.
powdef is transferted to a deoxygenated refl uxing B
( 200&he ¥dhastdfovateyfcontadi englde el hrectadecplomensiayes sttagked; t silicon

8P B QUPHm 168 &0 1 0 LE & lurs Wdc: Fresd DMK BRI, 1.

Iry nitrogen through the so lon. The reaction tinme

\iezadsernyk mordiaylers showed wamehd highee stabiliy, jag theyaeter contact angle
| 1.0 t I

R SR R os 02 e SATRLE S oL STRECBons, el

with distilled PE 40/60, EtOH, and CH2Cl2. |RRAS
Measurenments 30 First, an | RRAS spectrum was

rixaorpdke’t Modificdtenolf Sdwen C8riddpowder as a background

foll owed by nmeasuring the spectrumof the nodified

powder. The WO 20051123273 PCT/ NL20051000449 18

subt Kaebh bR pbi@s gl &5 R0¢ tdesh -ﬁbﬂ\m&%ﬂ? ¥a BAECLIEAHRY by rinsing
di spl ayer material deposited gn top o the SiC. The
Satealfimes prithehemigally pie petanechpbsequert ey Wighig sogjated for
theimmltih actsh. IBE G Bowddras TAMIeandd i St/ b8yn pldIgY for 10
i ndi cate the presence of a substantial amount of CH2
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 selution. 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 specttum of the modified powder. The



5 noi eties, corresponding to coval ent nonol ayer
formati on. Exanple 6 Description of neasurenents of
wat er contact angle O (results). 10 Table 1. Water

Contact angle O of different nonol ayers. Exanple No.
‘@%ﬁkgﬁﬁﬁ%?concentration) 0 10 4a CH2=CH C201G4\§004/000449
M 106 4b CH2=CH C16H33 (Neat) 108 4c CH2=CH C16H33
(0.4 M) 108 4d CH2=CH Cl4H29(Mat) 108 4e
CiaitabctidaldtiBSe (Pecfta Movided nﬁhQﬁﬁh%&%ﬂh@%ﬂﬁ ofitdon top of
107 4g CH2:CH-%10 fv(o.isﬁ" 106 4 CH:C-Cl%I-Bé ontop 0
(6heSifh) 106 4i CH=C-Cl4H33 (0.4 M) 108 4

CH2=Clgip %}M 'ﬂg@gﬁmﬁ%ﬂc tﬂgéﬁ/&tdﬂi@%dy 8f € SubfuQ@¥ted sepectra

the water contact angle O are an inprovenent over th
r &g shown g Kpwe| G dday indicats be gegensppf (7 gibstagtial woount of CH;

5 2000 ,%%&%g?ﬁ%&k%@@één@%ﬁéi ver &l e 7.

At t achnment 5,7 Trifluoroethanol esters: Mbnol ayers
of trifluoroethanol ester were prepared using 0.4 M

e utions applying the sanme procedure
d?sxghpgegéd previously- Silicon nitride nodified with

5 trifluoroethanol ester is hydrolyzed by treatnent
wth either 0.25 M potassi umtert butoxide.in DVSO
for DR R BT b e el (ESue o 5
10 HCl at 70C for 2 h. Bibliography 10
Table 1, Water Contact angle 0 of different monolayers.

Exampie No. | Compound (concentration) 6%1°
T aa | CHy=CH-CyHy; (0.4 M) 106
4b CH;=CH-C,¢H33 (Neat) 108
¢ | CH~CH-C1gHp (04 M) 108
4d CHy=CH-C14H,0 (Neat) I 108
de CHy=CH-C14Ha (0.4 M) 107
4f CH=CH-Cy3H35 (0.4 M) 107
g CHy=CH-CyoHy; (0.4 M) 106
4h CH=C-Ci6Hz (0.4 M) 106
4i CH=C-C14H33 (0.4 M) 108
4 CH,=CH-(CH,)sCOOCH,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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atons, the al kenyl group being a 1 -al kenyl group or

an internal al kenyl group; Qis a linear, branched

or cyclic al kynyl group having 2 to 24 carbon atons,

the al kynyl group being a 1-al kynyl group or an

i nternal al kynyl group; Cis &;functional group

selected from -CHCR2R3; C=CR2; -N2-C(O-NR2)z;

-O[(C(R2PO4 R; 22 -C(X)XR: -C(X) NR2R3;

c1aS@ OR;  -S(O20R ; 5 -35(0 NR2R3; -S(0) 2NR2R3;
g‘%)(R”)(OR’”): P(O(OR)2; -CN, 10 -C; -Br; -I;

-NCX; -XCN;, or 15 Cis a protected functional group

1. seI e& Eﬁgesfs FQ e pre%gﬁg) S af ) MB?&%%Q@%%e Rguﬁ%%:g the Si/Ge surface
bemg sel’ected from the Uroup consxstmg of silicon mtr;de silicon carbide,
germanium nitride, germanium carbide and silicon germanium surfaces, the silicon
and germanium carbides having the formula MXCy wherein M is Si or Ge and x is in
the range of 0.3y to 3y, wherein a Si/Ge surface is subjected to the following steps:
(a) etching the Si/Ge surface with an etching agent to form an eiched Si/Ge

surface; and '
(b) reacting the etched Si/Ge surface with an w-functjonalized alkene represented

by the general formula (4) or with an @-functionalized alkyne represented by

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

{3}
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 1s a linear, branched or cyclic alkynyl group having 2 to 24 carbon afoms, the
alkynyl group being a I-alkynyl group or an internal alkynyl group;
C is a functional group seiected from:
-CH=CR’R’;
-C=CR%;
NR*-C(O)NR?);
-O-{(C(RN),01-R;
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-P(O(R)(OR);-0OP(O(OR )2" or a group of the

general fornmula (6) and tautoners thereof: 25 (6) 23

wherein R, R2, R3, R4, p and q are as defined in

Caim1l; R5 is a nonofunctional hydroxy or

t hi ohydr oxy protecting grog ; R6 represents a

protected -OH or -NH, gro g wherein the protected

-OH group is selected fromthe groups defined for -

XRSLFSQS%% n Xis 0 and wherein the protected -NH2

group”ts~sel ected fromthe groups defined for

- NRZGEONIRR?, and wherein n is an integer in the range

f ]qﬁéo 3. 2. Process according to Caiml1, wherein B
] *wposition of the al kenyl and al kynyl

gr olye),08"; Process according to daiml or Caim 2;

er G, gs a functl onal group selected from
Ckﬁsgéﬁ% : -NW (O -N(R2)2; -0 [(C(R4)2) pq
-R s)(O)zNR@GO)OR’ -(ONR2R3;  S(OOR; -S(0O20R;

-S OZNR2R3 -P(O(R)(OR);
-P(%@%R@{ ( ) NCO( Zigd )(CI:N) or
-P(OYOR);

NCX;

-XCN; or

C 1s a protected functional group selected from:
XC(XR';

NR*CCOR';

-XR;

-XSi(R"s;

-OS(OYORY):

-0S(0)L0R';

-P(OYR'YOR);-OP(O)OR"),,; or

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

(6)



Cis a protected functional group selected from
-OC(OR; -NRRC(OR; -ORS; -0si(R)3; -05(0O0(OR);
-O5(Q (R ; 24 -P(O(R)(OR); -OP(O(OR)2; and a
group of the general fornmula (4) and tautomners
thereof, wherein R6 represents a protected -CH or
-NH2 group, wherein the protected -OH group is
selected fromthe groups defined for -XRS wherein X

i's QuiRpsh hRY, & I’R4t Pendy £ 8 Eded Nfaimgr RU%? 113%&pfunct1orcljal

sel ected from the groups defined for - NR2
wh e esirREyon thiohydropy PRytersias sroup:db reliresgnts o pratepted reH of -NH,

O algipLoref g Rl DB g@onu@ Eetléc%ﬁ"i‘nlo %%,M&\}a}%%ﬁ&h 3 -

from erein

i s Rﬁr‘ﬂwg@w ?éFS @ré@dwlperelpthe@rczecmddNHz g@uan selptiestfer the
t m! W T m
| ,_WI %;%&E he; E@i‘bg%@?fcob}t _én?o)hﬁ%nq g?n fe @%%%R%ﬂ tod-

is a protect ed funct| onal group selected from

2.° mc&s;acédﬂﬁlgg@ig b, wherIR B is in the w-position of the alkenyl and
alkynyl groups.

3. Process according to Claim 1 or Claim 2, wherein C is a functional group
selected from:
-CH=CR™R?,
-C=CR%;
-NR*-C(O)}NR);
-O-[(CR*)),05-R");
-C(O)OR';
~C(OWNRR?;
-S(O)OR';
-S(0)%,0R’;
-S(OINRR?;
-S(O)XLNR'R?;
-P(OXRYOR');
-P(O)OR');

-NCO; and

-OCN; or

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

NR?*C(O)R;

-OR’;

-OSi(R);;

-OS(O)(ORY;

-08(0),0R";



-0Si (R )3; and a group of the general fornmula (6) and
tautoners thereof, wherein R6 represents a protected
-OH or -NH2 group, wherein the protected -OH group is
selected from the groups defined for -XRS wherein X
is O and wherein the protected -NH2 group is

sel ected fromthe groups defi2hed for -NRZC(X)R ; and
whebghhie$. 1. 5. Process according to any one of

d a?@%&wﬁ’ wherein P and Q are a linear group
havOREOEOR % 24d car bon atons according to the fornul a:

; r-(C= (. _
< S GBS AR LR 00y B D (ks
t heprotavigre-ObT orl-Nio gipup twiwrair e protected €pid proup frcpele@eddrom

opty % ing | E
B D O L

C. Boupls falevtstlifomathe gedpSiefiGal foumMfRIEEX)Bbtaail wabkia ny 1.

the process of any one of Clains 1-5. 7. Use of a
functionalized Si/Ge surface according to Caim6 in

.t hePrpeesparating o afy ongiof Chimui-f.adesribeay ¢ Agetpaaldzenp selected
grogps, Wwherein the pendant groups are derived from

bi ol ogi cal |y active groups or host nolecules. 8. Use
accOHECRR 0 C aim 7, wherein the biologically active
groypspare selected fromprotein, DNA and RNA :
noi eti'es. 9. Use according to Claim?7, wherein the
hosO-1BEERUDER avkerdnlR iahedregsn or deati.i prisr 3 andiads an integer
MONQshiR L. 90iee 8P PRl ysaccharides. 10. A Si/Ge surface
beari ng pendant groups wherein al kyl or alkenyl

noi €¥PER'are coval ently bonded to the Si/Ge surface,
the_cgb o,and al kenyl noieties being as defined in

any one. of 'Clainms 1 - 5 and the al kyl and al kenyl

noi S{@¥R'bearing a pendant group, wherein the

pendaif ~groups are derived from biologically active
groups-or "host nol ecules. 11. A process for the

pr eE@R’Rn of Si/Ge surface bearing pendant groups,
wher.ei sf ynctional i zed Si/ Ge surface according to
d aisﬁ?gNlﬁzsR ’a(#t ached to a pendant group, wherein the
pend ar profedednetionalgeeupvseldctéd fomm:bi ol ogi cal |y active

gr O ORE, host
NRIC(OWR';
-OR?;
-0Si(R")s; 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.

Process according to any one of Claims 9 - 4, 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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11.

12.

nol ecul es. 12. A Si/Ge surface bearing pendant groups
obt ai nabl e by the process according to Caim11.

25
—CEC—(CHz)p-(CEC)q-CHg-

wherein p is in the range of 1 to 7 and q is in the range of 1 to 7, the groups
~(CHy)- and ~(C=C)- optionally oceurring 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 1-5.

Use of a functionalized Si/Ge surface according to Claim 6 in the preparation of
Si/Ge surfaces bearing pendant groups, wherein the pendant groups are derived from

bioclogically active groups or host molecules.

Use according to Claim 7, wherein the biologically active groups are selected

from protein, DNA and RNA moieties.

Use according to Claim 7, wherein the host molecules are calixarenes,

dendrimers, and mono- oligo- and polysaccharides.

A 8i/Ge surface bearing pendant groups wherein alkyl or alkenyl moieties are
covalently bonded to th;s Si/Ge surface, the alkyl and alkenyl moieties being as
defined in any one of Claims 1 - 5 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 Claim 6 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 11.



