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Met hod for attachment of silicon- containing conmpounds
to a surface and for the synthesis of hyperval ent
W@ do7osrconpounds The present invention rel at eBCT/GB2006/003440
nmet hod for inducing a hypervalent state within
silicon-containing conpounds by which they can be
chemcally attached to a surf-ace or substrate and/or
organi zed onto a surface of a substrate. The conpounds
when attached to or organi sed on the surface may have
Metthbiefont aphpshoantapd/ hilikern-eahtpindeant icempouds ed a

tQ the startlno naterl.ls The chen1ca| attachnment of
X n . F [ 3 r“lksl;l v ano

SO SOt

cohﬁgughglled person 'Cbnventfonally, this is achieved

y contacting a suitable surface wwth a suitable

silicon containing conpound in the presence of an

act t nd. h | the s rface The ctd

et REBn B AV R T RRC R, Bofe kg or inducing
a hoppewaldsntssceakat W\ielhy.nSwa.chﬁ Qbm|1®11@1fg idahpounds by

attachnment of siloxanes_to a ester/cotton fabric
Whﬁghnﬁh?ﬁecéﬁppﬁcEflleﬁ‘ﬁcéfl1He§ttt@§¥’§ldsc§loo§eﬁuirr#ace or

suggﬁé%zg6gndyeraogbﬁﬁﬁz@ﬁpgﬁko %h%ug%%%%an' V%%?s%&ate.

provi des a nethod™for the chem cal attachnen one
Thercnmpeusdslwbaoontaanheg tonpourdganad seds gins tthat eurface

mag B E 898 - ERRE Bhog Bl oun e el AP kP ot kg

cofﬁpﬁ'@@dnd&, tﬁél anal-teegpadidsiasisl.yl ether conpounds,
si | anol at e conpounds, hal osi |l ane conpounds, silatrane

compounds, and sil azane conpounds;
The chemical attachment of silicon-containing compounds

to surfaces is known to the skilled person. Conventionally,
this i1s achieved by contacting a suitable surface with a
suitable silicon containing compound in the presence of an
activator and heating the surface. The reaction between
the surface and the silicon-containing compounds is
relatively slow. An example of the attachment of siloxanes
to a polyester/cotton fabric using the application of heat

is disclosed in US4417066.

In a first aspect, the present invention provides a
method for the chemical attachment of one or more silicon-
containing compounds to a substrate, the method comprising:

providing one or more silicon-containing compounds
selected from siloxane compounds, silanol compounds, silyl
ether compounds, silanolate compounds, halosilane compounds,
silatrane compounds, and silazane compounds;

contacting one or more of the silicon-containing
compounds with a surface of a substrate having one or more

nucleophilic sites thereon;
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contacting one or nore of the silicon-containing

conpounds with a surface of a substrate having one or
woreoog/osnrcs eophi lic sites thereon;and exposi ng PEEGB2006/003440

silicon-containing conpounds and the surface to :

el ectromagneti c radi ation having a frequency fromO0. 3

to 30 GHz. In a second aspeéct, the present invention

provi des a nethod for creating an array of

silicon-containing conpounds on a surface of a

SUbéﬁaaéﬁpoébﬁgnEhéoﬁlzﬂaaﬁL@bﬂgalnpﬁgvcdmpgunde and the
nore silicon-containing compounds sel ected f

sugfa@ﬁah@ @bﬁ%@ﬁﬂ@%?ngF%%nﬁ@dé%hb%ﬁnH§V1§9I?IfEFﬂB?nCY from
0.5 gg uSi | anol ate conpounds, hal osil ane conpounds,
atrane conpounds and sil azane conpounds;
contactlng one or nore of these silicon-containing

ds_wi t b |
{hel8uBSBPAPRIaRTDETE. SFPrCBReEbREal Y Ry CEopat RIS LY

el egt papRgAcELe kadhat hgnahayi-pgyaofr sgueney-ebntaaming
0.3 to 30 GHz. The substrate may have one or_ nuore

compelsdghhi 8 shréacenofts subphEater bRe BEthoFe

ounds havi ng nucl eophilic groups, such as

Com?coﬁo?% may be present.- on the surface. In the first
andpge¢adtngspeaet sx mbEessnﬂaceneﬁonheismbstcamgomaﬁs
be on the exterior or interi r of ubstr at e.

Seéesgﬁﬁaﬁééwa§}lpﬁﬁn8xSHﬁpePn g aS§EP88 58P988PdﬁatFﬁ1Y1
et fBY LRRpSLKhEEON=G9RhaNALBIc6REBAURES RBYoRElane compounds,

silatrane compounds, and silazane compounds;

contacting one or more of these silicon-containing
compounds with a surface of a substrate;

and exposing the substrate and the silicon-containing
compounds to electromagnetic radiation having a frequency of
from 0.3 to 30 GHz. The substrate may have one or more
nucleophilic sites on its surface or one or more compounds
having nucleophilic groups, such as alcohols, may be present

on the surface.

In the first and second aspects, the surface of the
substrate may be on the exterior or interior of the
substrate. The substrate may, for example, be a porous
polymer matrix and the silicon-containing compounds may be
arranged on or attached to the interior surfaces of the

pores of the matrix.

In a third aspect, the present invention provides a
method for the synthesis of silicon-containing hypervalent

compounds, the method comprising:
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arranged on or attached to the interior surfaces of
the pores of the matrix. In a third aspect, the

‘ w@e@3msit775 nventi on provi des a nmethod for the spET/BB2005/003440

of silicon-containing hyperval ent conpounds, the

met hod conpri sing: providing one or nore
silicon-containing conpounds-sel ected from sil oxane
compounds, silanol conpounds, silyl ether conpounds,
silanolate conpounds, hal osi | ane conpounds, sil atrane

Compayps él&@&ﬁﬂﬁeCQﬂPQ@@ﬂscoﬁwaiﬁnﬁglyompounds
contacti ng the one or nore siliconcaontaini ng conp ]S_
selpcthed Suenaglotane seRrapewres, ant! %R%%s?ﬂﬂp?ﬁéds' “siivi

etﬁ’é%' §&%&9}5as' ngfﬂaﬁgfg@gpggmg&gmdgf R 5smanéheompounds,

0 el 'ectronmagne ation aV|ng a
51Ia©ﬂw@@c¢ompoﬁndﬂ)Oaﬁdtng@z&hE cdieosnBstrat e nmay
have one or_nore C sites on urface or

eophj | i
oneOBY19%?%1¥oﬁﬁBﬁﬁﬁEl%§vFH§ ﬂﬂ%l%ﬁpﬂ?FchéibﬁBQ' such

coRBa 8h ERYOLSmpBBYdbewPERSENburfAde i bfaaSBhBbtabEe S
present; they may be | ocated on the surface of _the

suraadeexpﬂsangoﬁhﬁhsh%p@@ﬂ CPﬁEabﬁé§§nﬁomﬁ9Eﬁ@ﬁoﬁnd if
a su v
oBREULISFE SUBLERLE DEMEcERBpSingoiE SURGOTn pevios

fréfee0Bg¢ OF HPOA SLblﬁonBonGHznlnmheoapbsnﬂatbameybbane one

attached to the_surface by the neth?d of the present
Orlﬁ@éﬁtﬂ%ﬁlePHhélﬂFfth§§p@Et1t?h§uﬁ BS&nPTi AYENPFoR°re

coH%QthSShQV§H§pBﬁ@§QOBHY199 gP8upL, MienSkki 62Bohols, may

cont al ni ng conpounds on the surface t hereof, wherein
bet heesartor andr efsil pubatoatai ABngresent, they may be

located on the surface of the surface.

In a fourth aspect, the present invention provides a
substrate having one or more silicon-containing compounds on
the surface thereof, wherein the one or more silicon-
containing compounds have been attached to the surface by

the method of the present invention.

In a fifth aspect, the present invention provides a
substrate having one or more silicon-containing compounds on
the surface thereof, wherein the one or more silicon-
containing compounds have been organized into an array on

the surface by the method of the present invention.

In a sixth aspect, the present invention provides a
hypervalent silicon-containing compound formable by the

method of the present invention.

The present invention will now be further described. In

the following passages different aspects of then invention



10

15

20

25

conmpounds have been organi zed into an array on the

surface by the nethod of the present invention. In a
wa@roori3Espect, the present invention provi des BCT/GB2006/003440

hyperval ent silicon-containing conpound formabl e by

the nmethod of the present invention. The present

i nvention will now be further described. In the
foll ow ng passages different aspects of then
i nventionare defined in nore detail . Each aspect so

ardellped.ge nbﬁofgngé §91W‘ﬁgcﬁn¥s§é8€rs@59§§§n98 may be

aspects unless clearly indicated to the contrary. In
coplathéduvath any dehturaspadicatedspscbei nglpeef eteadly
. or advantageous may be copbi ned w th_any_ot her ure
il of CafuF et R arRALER o DRI MOt by Brapresegy TeatiRl
in@g¥APLA0EUBeingNptBeetteat orsaavatdtagdotibi mdyabpecdsbined

~of the invention, the silicon-containing compound nay
wibe angonpberdieprtuke PBrhERAUFeFotRafgatedr 28 BEI)Her

' r epeafi Lisz of formula I, which may be

P g%%?%%tgg %gbﬁgaggééﬁé'hydroxyl , an al kyl or an am

ine group at one or both ends of the polymer chain

fornula Il wherein Ri .is hydrogen_or an alky

pr ef Br BBy 3T EC; ?SCEEdaFﬂ§IgkﬁggeaﬁnggFaBEy%hg Ci
inPEnfi&d, akk¥l sis¥eBnasonebiyhngr ceinpplindamdynbesal cbmpound

4 preferably 3; R, R3 and R4 are each

ofi hepéndmnilby Isel ect ed from al kyl, al kyl gl yci doxy,
al kyl am no, am noal kyl, acryl ate,

gb%
(RlO)m—S‘i—— R3)o
Ra)p

formula T

or a polymer having repeating units-of formula II, which may
be terminated by hydrogen, hydroxyl, an alkyl or an amine’

group at one or both ends of the polymer chain

g@ﬁl
?i——o
Ra)p

formula II

wherein R; is hydrogen or an alkyl, preferably a C; to
Cs alkyl, more preferably, a Cp or a C; alkyl, such as methyl
or ethyl, and m is 1 to 4, preferably 3;

R,, Rs and R, are each independently selected from
alkyl, alkylglycidoxy, alkylamino, aminoalkyl, acrylate,
alkylhydantoin, alkylacrylate and alkylalkene; and

in formula I, n, m, o and p, are each 0 to 3, providing

that m+n+o+p = 4;
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al kyl hydant oi n, al kyl acryl ate and al kyl al kene; and in
forrulal , n, m, 0 and p, are each 0 to 3,

w@e@viogi7ngy t hat mtn+o+p = 4 ;in fornula |1, n BOTGB2@6H03440
each 0, 1 or 2, providing that n + p = 2 . The
pol ymer preferably includes el ectron donor groups on
at least some of its noroBers . These el ectron donor
groups nmay be substituents on R2 and/or R3 in the

formula Il above. Electron donor groups include, but
ar elrﬁlofozl‘r{ﬁ'ié efir t 0, Qydroxyle e ng, subfhydryroviding
car boxyl . , the nunber of repeating units in the

thaolymrerp ﬂH& be any appropriate nunber. X may be 2 to
10,00 O, preferably 2 to 1000. Al kyl is preferably a
Ci to Cs alkyl, and may be C3 to C18 al kyl . Al kyl
mayThe o Buhst | hik Laraibl potmslbdé s t el edt abkydlondt kgroups

be a hal o-al kyl, preferably a hal oal ich a
Onh%golﬁﬁ%Eps?@el%ga%%% %?n?%%r%rst%he%ﬁde£¥cFﬁ%nm$?9?r

gr&h?%roa thenstlt 6ol THS haload kW d.s ipr eher #bhywaa 11

Preferably, the silicon-containing
abcmapouﬁhe¢srenc@nponngrgﬁp$olmgl@d$,,buheaéﬁnnﬂ¥|%l@lted

ogen
co o hEFFRRTL pr bl SLEFRTenet aRe st Ra Enar IF e
ofl§e§éathﬁgf@ﬁﬂﬂbalh|the(ﬁbB?Mefﬁ ﬁ@ynhéaahylapPEDprMaté
is 1lto 5, preferabl R5 is selected from
NURpEF ogeh, THEl BgeR, CRIHRO . @ﬁotopti aFRbly 2 to 1b00.

Alkyl is preferably a C; to Cys alkyl, and may be C; to
Cig alkyl. Alkyl may be a substituted or non-substituted
alkyl. Alkyl may be a halo-alkyl, preferably a haloalkyl in
which a halo group is located at the distal end of the alkyl
chain from the silicon. The haloalkyl is preferably a

chloroalkyl.

Preferably, the silicon-containing compound is a
compound of formula I, wherein m is 3, n is 1 and o and p

are both 0, R; is hydrogen, methyl or ethyl.

Preferably at least one of R, Ra and/or Ry is of the
formula III

- (CHz) y~Rs formula IIT

wherein ¥ is 1 to 5, preferably 3, Rs is selected from
hydrogen, halogen, NH,;, C; to Cis alkyl,
C: to Cys alkyldimethylammonium, alkylmethacryate, preferably
ethyl or propylmethacrylate, 5,5-dialkylhydantoin,
preferably 5,5-dimethylhydantoin, alkylenediamine,
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Cl to C18 al kyl di et hyl ammoni um al kyl et hacryate
preferably ethyl or propyl nethacrylate, 5

wQ 260dioad7ky | hydant oi n, preferably 5 PCT/GB2006/003440
, b-di et hyl hydant oi n, al kyl enedi am ne, preferably
et hyl enedi am ne, perf luoroal kyl, preferably perf
| uorooctyl and 3-glycidoxyé Fhe silicon-contai ning
conmpound may conprise one or nore of [3-
(trimethoxysilyl) propyl] - octadecyl di met hyl anmoni um

pr&BLPELUS, cBhypt chEHELRONY S| bY¥LPIOBYLA1kPL, preferably
5-di net hyl hydant oi n, potaSS|un1tr|nethyIS|IanoIate

perflu9©9®©by1sﬁnénér91Yﬁéﬂﬁ§XydlnethyloctyIS|Iane
hydroxy term nated poly (dinethylsiloxane) |,
(3-chloropropyl) triethoxysilane, (3-chloropropyl)
di mehboxybhetbhylsbhaaéningt adepyghhdi meyhoxypriasepne or

3-am.n yl.triethox = (trinmethoxysilyl
m0¥6rBﬁy?ge?EEéW9FQ?§YS{ﬁYH?ErOPYF 1 et hoxysi lyl) propyl ]
octgHEM&@Q?Hé@H&@ﬁmm@HQu% thloride, 3(3-

gl yci doxypropyl trimethoxysilane, IH |H 2H 2Hperf

trhabhodﬁsylvﬁpnepﬁéky§pEadgmetpyéhgéaﬁpylnthﬁota581um

nt a n n i met hoxysi |yl
e PSP SR BNBEST o Ratry P ARRUAPCRRCRI G | de or 3 {3
methbk?ﬂhméyﬁthbaymByﬂhne5 h@ddbnythykhydahédun IH,
I H 2H, 2H perf |uorodecyltrinmethox | ane a_,
Dok 4EATEC P oPantn 1 Hd” FPISFCPBOPH Y (eaEhEereso e

(3'8%@8&5@ gl§athtﬁBx9&e§H§@§&§bﬁe of the silicon

contain onpounds may be contacted with the
ocsaﬂsbyét31m§hhosgbmﬂanﬁ,aﬁdﬁmnHOPropyltrlethOXYSllane, 3-

(trimethoxysilyl)propylmethacrylate, N-[3-
(trimethoxysilyl)propyl] -ethylenediamine, and 3-
glycidoxypropyltrimethoxysilane, 1H,1H,2H,2H-

perfluorodecyltrimethoxysilane.

Preferably, the silicon-containing compound is [3-
(trimethoxysilyl) propyl] -octadecyldimethylammonium chloride
or 3(3-triethoxysilylpropyl)-5,5-dimethylhydantoin,
1H,lH,2H,2H—perfluorodecyltrimethoxysilane or a mixture

thereof.

In the first to third aspects of the invention, a
solution of suspension of the silicon containing compounds
may be contacted with the substrate. The solution and/or
suspension preferably comprises a polar solvent, more
preferably acetone and/or an alcohol, preferably both. The
alcohol preferably comprises methanol and/or ethanol.
Alternatively, the silicon-containing compound may be
solvent-free, i.e. not in the form of a solution or

suspension.
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suspensi on preferably conprises a polar solvent, nore
preferably acetone and/or an al cohol, preferably both.

wab@7abwehol preferably conprises methanol andPGr/GB2006/003440

ethanol . Alternatively, the silicon-containing
conmpound may be solvent -free, i.e. not in the form of
a solution or suspension-The-substrate is preferably a
mat eri al having nucl eophilic sites on its surface. The
nucl eophilic sites may conpri se one or nore

nucl eophilic groups containing one or nore of 0, S
and N . For exanple, the nucleophilic groups may be
sel Bo¢ esulbsoraiGH, i SHhaafeNly Fheatebsit ateving

o rise . a fabric mteri al [t h een ngd. o
e S A
may h€olpti€onooONd Al ibHg SOBPELPHS1 b8 gootpast cantainihg one

exposure to el ectromagnetic radjation having ah_ X
or { re¥RePEyC of STaRM D). 3 Yo 3oxgRleThike (RugtFerhilic groups

mafOEQBééyeSG&&fﬁ YatHin SRCOAASNHAS ORROSALIO- WUy

or conventional nethods, such as nerely heating. The
coppeseatai falentorsabaveal oundtthas baennechnd bhathehe
esent_invention can.pyoduce organi sed. align
nuf] 3L/ FEG R SLh] EGnt Bont AP RTAG SoUBBURASC R ¢ he
siBUESACEoREa Bn PHYSEE@bBundBeoRr 8pRtAEESanll Wheh exposure to
sil'icon-containing conpounds often differ fromthose
elettrpmagrebicaradiat §onshpvéBe BoABOTHEECHt PAchegm 0.3 to

3otE$QQQhTEP§ yégcgioﬂeﬁgrmggﬂyeéégﬁkg’w&@ﬁin seconds, as
si ' con-containing conpounds”on the substrate may have
oppbEéér eat hphysi Eak andvehenbnal pebpedsi esushchsamerely

heating.

The present inventors have found that the method of the
present invention can produce organised alignment (i.e. an
array) of silicon-containing compounds on the surface of a
substrate. The properties of the silicon-containing
compounds often differ from those of the prior art, e.g.
silicon compounds attached through the use of heat. For
example, the silicon-containing compounds on the substrate
may have different physical and chemical properties such as
increased hydrophobicity or hydrophilicity and/or increased
biocidal efficacy. Without being bound by theory, it is
believed that the use of microwave radiation induces a
hypervalency around the silicon atom, i.e. it coordinates to
more than 4, possibly to 5 or 6 available ligands. When the
microwave treatment is stopped, the gilicon will often relax
back to a tetra-coodinate state. The hypervalent state is
believed to leads to a more organised arrangement of
silicon-containing compounds on the surface of a substrate.

Hypervalency in silicon has been shown to occur in the



i ncreased hydrophobicity or hydrophilicity and/or
i ncreased biocidal efficacy. Wthout being bound by
w0 b@any1775t i s believed that the use of m cr owaWEGB2006/003440
radi ati on i nduces a hyperval ency around the silicon
atom i.e. it coordinates to nore than 4 , possibly to
5 or 6 available ligands- ¥hen the m crowave treatnent
is stopped, the silicon will often relax back to a
tetra-coodinate state. The hypervalent state is
£o PRI SI Q) CALIS {058 LS B GAN AR S APOSIEN Odna
TV Eon-"gont ai'ni ng conpounds on e surface a
catsed1ss Y Atwhidly pesy at@ncyed nowst | imwtlhmsoibe@nﬂshmcr@wave
occur in thefoll ow ng known reaction between
ErefPeitet hoxy silane and catechol , which was carried
out in ethanol under m crowave treatnent : m crowave
O her reactions known to result in hypervale

silicon conpounds include: The above reactig d
others that result in hypervalent silicon ca f ound
in the follow ng prior art docunents: Chem kR 1993,

93, A3K1-T448, It et al;Chem Rev. 1996, 496, &
92 @ Hol mes; &ndye) ourAii™8¥ & ganomet al | N
Chew 1990,ﬂ0/3g,gt, 159- 168, . Cerveau et /3 2
hypervalent silicon products produced z
reactions are sufficiently stable to @ &
5 It is believed that a simlar hyperval--u occurs
the process of the present invention, although the
hyperval ent silicon may revert to a tetravalent

silicon followi ng mcrowave treatnment. It is
surprising that, irrespective of

Other reactions known to result in hypervalent-silicon

10 compounds include:

E10, HO

/OEt 2 s ’> (\JN_ ‘)

O
+ N_/—_ microwave o\isﬂo or O—g*=0
—» i'\
NH2

NH, HO

NH,

OH

microwave / A

_d/ﬁ— S“*Oﬂ e o’ Q
2 EtO OEt \\y\i
Ol

15 H

The above reactions and others that result in
hypervalent silicon can be found in the following prior art

documents: Chem. Rev. 1993, 93, 1371-1448, Chult et al;
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whet her or not the silicon remains in a hyperval ent
state following the mcrowave treatnent, a nore

- Woe@answesl arrangenment of silicon-containing cROPCBAES/003440

on the surface of the substrate is observed. Si-OR
excitation via electromagnetic radiation in the
presence of an appropriate9electron donor facilitates
the cl eavage of the Si-OR bond and is believed to

i nduce the formation of hyperval ent sil oxane species

chdh! hravai 1abbe ebkgchspnosiononsimdde sh&croannddner for
this exchange can take the formof virtually

, ) an
Org@@@@@bﬂllég-Chamééarﬁucl%%%hi¥%?:nh%?é%ﬁ%i|¢%r¥%©voﬁF al.
or Lewis base. The resulting hyperval ent species is
then thought to either relax into their ground state,
at Théchypéneal brt séi Aneospecoéscis peodacedr dhnahe, above
or, if the h rcoor dj nat ed oduct. i s st abl t he
re ST AR T CAUER L AR PRRAY o F REE Ret iy Be: GAFERECF AT Edas 16

1s bt NEEva3PERLACAOLENBLE Ryphe¥atentdi satersyshegheThe
el ectromagnetic excitation within the sil oxane induces

propessfdE tbaf brageRbniNVERELAR hel keaugpebheshyRAr¥plent

.l eads to._incr ed and i.fi r I [ i -
R e
misubsbtat erkeatmepol. ynet, itheuspetsing bhgani zareepegfive of

the silicon-containing on the,surface or inth trix
WheFhGTpoFyREF CAR ERARGEDt FETGhBH La SafdPERYSICEL State
FoPTORERY €80hi LREWROLY FBEaBReALt WAl RordhbegRREREEENON

I's not "tenperature dependant . The nethod of the
arpepgenentneénsiidncavordstahaingegompounds on the surface

of the substrate is observed.

Si-OR excitation via electromagnetic radiation in the
presence of an appropriate electron donor facilitates the
cleavage of the Si-OR bond and is believed to induce the
formation of hypervalent siloxane species with available
electron donors. The electron donor for this exchange can
take the form of virtually any nucleophile, induced
nucleophile, nucleophilic region, or Lewis base. The
resulting hypervalent species is then thought to either
relax into their ground state, at which time the silane
species is tetracoordinate, or, if the hypercoordinated
prdduct is stable, the gilane product can reméin in the
hypervalent state as either a pentacoordinate or
hexacoordinate system. The electromagnetic excitation
within the siloxane induces specific conformations within
the new specieg, which leads to increased and specific
organization in the resting state of the newly formed
species. If the substrate is a polymer, the specific

organization of the silicon-containing on the surface or in
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use activators, catalysts and conventional curing
processes. This therefore allows the attachnent of
woO d@iosarre’ functionalities. For exanple, glycPdD&B2006/003440
cont ai ni ng sil oxane and acryl ate contai ni ng sil oxanes
are exanples of delicate silicon containing conpounds
and proteins/enzymes are-.léxanples of delicate
substrates, to which one nay wish to attach a
silicon-containing substrate. Preferably, the
thei saewaxesfane ppilgdiecedanschgnaepoher chatiinglohn@s@hysical
Watts or less, nore preferably OE from65 to 650 .
PrOREES iePheintbroRI¥eSFadShe BPG ﬁced%bé?n€%§n85ﬁgpn 18
notatbRgehcli@matdenkant00 Watts. Preferably, the
m crowaves have a frequency of fromO0.3 to 10 GHz,
nore preferably of froml1l to 3 GHz. To reduce the
possi bl e radat i_on licat i.lico tai nk.ng
CompBands Cua o¢ 4o BheEeEibaryaRsdofoAgeld Sl gped to
usthactolbovirag @By ahgsusednd coatdieationadt cariedupedcesses.
power |evel, for exanple m crowaves produced using a
Thiswerergirsg 61 1206 Wift 8L6pCPESEEt prlef €FaBIGREI5
FullBb i §naf 1k88S,. Ofo3URikamb1RY Fﬁ?cﬁ@%&&r%b%xéﬁﬁing_siloxane
si |1 con-containing conpounds o m crowave irradiation
andndcrgllaket conteriaimgc séwevanesr adieaekenpligs of delicate

.al.ternating.intervals: far ex Ieta. erj od_of
SithPSH SPTGR O SPEEREPSSs 365 56 OLELoRASITEES BT
exBipfiesablty d&Q ite t20 sspetrdsesNDSb Rheler abley mby wish to
seconds, fol | owed by a period_of relaxation of -
atpehepalbiy 120y COUtedEdRds SURSLES ef erably 5 to 15
seconds, nost preferably 10 seconds, and optionally
repeating this process as often as
Preferably, the microwaves are produced using a power

rating of 650 Watts or less, more preferably of from 65 to
650 Watts. The microwaves may be produced using a power

rating of from 135 to 400 Watts.

Preferably, the microwaves have a fregquency of from 0.3

to 10 GHz, more preferably of from 1 to 3 GHz.

To reduce the possible degradation of delicate silicon-
containing compounds -and/or delicate substrates, one or more
of the following may be used: irradiation at a reduced power
level, for example microwaves produced using a power rating
of 400 Watts or less, preferably 135 Watts or less, or
subjecting the substrate and silicon-containing compounds to
microwave irradiation and relaxation (no microwave
irradiation) in alternating intervals: for example a period
of irradiation of preferably 5 to 30 seconds, more

preferably 10 to 20 seconds, most preferably 15 seconds,
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required. It has been found that, for many conpounds
containing an Si-O nbiety, this is nore sensitive to

.\Nmtmwmmame radi ati on than ot her 'delicate' PCT/GB2006/003440

functionalities and therefore cleavage of the Si-0O
bond may be achi eved wi t hout degradation of the other
functionalities. This is ai inprovenent over the prior
art in which heating of silicon-containing conpounds
for periods to attach themto a substrate can lead to
folEgradaty 0f péribe deliepigatupetobnaréféesbly 2heo 30
silicon-containing nolecules, since the heat reqy'

i red
SeEQNAP eaURTE HRT &F STRPBAD | &0 siif f FRFSRES t iaRyrBbR ?ﬁ%bly 10
pcate fungt | { & Endl £HOMANBS-E38 BE oft

Se%?#%%te%n%t8%%%§ﬁ§£}%rfi%?%?on§1of %ﬁ% sﬁbstrateoan%ln =
redrhered or eIl hassbéen fegnidsehatct i fer aneny haeRPOWRAE or

arrangenent of fhe silicon-substituted s, and
copbpin %%t?%nglfhaToﬁg Y be 'ﬁ?t%%t%ﬂr?hgggggggggng be
mi @S PE erygi 881 bhaghin osghefiet Qolscaibe pumsenbnalities

i nventi on has been found to be far nore effective in

andt taerehQrsi Flearageneai AMAgStoRpBAREsTEY RS saBst PYEE
wiﬁ%é%?c g%%BQEfgnt8ftEﬁg'5EHQ§|fﬂﬁ&@@gﬁa§§99e§$ This is

nge using activators - -nore than 80% of the
ansihbeonemahai oirag theppunds sah be whiabhbdabhder of

.certain conditions to the surface_usi.ng, the t hod, ¢
Sl%h%OBregeﬁﬁlpﬁvan99899u$ﬁé EBBSPF£%8dﬁa§Oc8 ?F§e928R to a
subatyral pehefial. tdhgegrhabtabnnBY beeadehothtemteri al

. The material may conprise

functionalities in the silicon-containing molecules, since

the heat required to cleave the Si-O bond is sufficient to

degrade the delicate functionalities.

The microwaves can be directed at particular portions
of ﬁhe substrate and therefore allows for regioselective
attachment and/or arrangement of the silicon-substituted
compounds and for reactions that can be initiated that would

not be possible using traditional methods.

The present invention has been found to be far more
effective in attaching silicon-containing compounds to a
substrate surface compared to traditional methods such as
heating and using activators - more than 80% of the silicon-
containing compounds can be attached under certain
conditiong to the surface using the method of the present

invention.

The substrate may comprise a natural material. The
material may be a cloth material. The material may comprise

one or more materials selected from cotton, wool and
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one or nore materials selected fromcotton, wool
andl eather. The nmaterial nay be woven or non-woven.

~wab@7et7es i al may conprises fibres of natural BETGBR006/003440

synthetic naterial . The synthetic material may

conprise a woven or nonwoven fabric material to

i nclude, but not linmited-td2fabrics wherein the

mat eri al conprises one or nore of the foll ow ng;

cotton, polyester, nylon, wool, |eather, rayon,
1epoh¢ethymheemapekyaﬂnmhyhberWGesnpokymbnyMaNeoholThe

am ne and p urea. .The subst rat be.in.
maPRetRor Hrsr CORPEREres  LPRESSE POrbeaing tase Syatnelic
mafeangler OﬁhErggh%QeﬁﬁbtQa%eﬁﬁthhﬁ&eE@hbflbgoat@o&@&Oor
nm The substrate may_conprise a nmetal oxide. The
noawpaﬁnoiaéélﬁawaﬁérééﬂeépeanpﬂaﬁﬁon@uérnﬁﬁrél@ﬂted to

'fa@k#ﬁb”%ﬂgkgggd%heth%@@%gghd'%ﬁb@% @a%B%SbE”hB¥bd%f the

al cium oxi | 'Con dioxi deTand zi nc oxi de.
foémbwﬁngbecmuyo@onpoﬂyesaematnyébnmlwepal leﬁh@er, rayon,

poﬁ“bﬁk&iéﬁﬁﬂﬁﬁgiggg 3§H$O§H capo nateﬁ%3k§ﬁfﬁ|60ted

poVoiihgubitiee Bobepotguaad. quartz. The substrate may be
porous. The substrate may conprise a nol ecul ar sieve.

The substrate may conprise a zeolite . The substrate

”HyTﬁg”Bhbé%rﬁt%°%£§E% IB?t@%'%%%& %%yg%%tl%lgge f q4/n
of ous “mat € Substrate nay conprise a
papta&ﬂee matehaake. aTHeasehstr affe frayn conmm $© 1 mm,

preferably 100 to 1000 nm.

The substrate may comprise a metal oxide. The metal
oxide may be selected from one or more of aluminium oxide,
titanium dioxide, magnesium oxide, calcium oxide, silicon

dioxide and zinc oxide.

The substrate may comprise a natural mineral.  The
substrate may comprise one or more materials selected from
kaolinite, barasym, silica, montmorillonite, vermiculite,

bohemite and quartz.

The substrate may be porous. The substrate may
comprise a molecular sieve. The substrate may comprise a

zeolite.

The substrate may comprise a polymer. The polymer may
be in the form of a porous matrix. The substrate may
comprise a plastic material. The substrate may comprise

polyurethane and/or nylon, polyester, nylon, rayon,
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pol yur et hane and/ or nyl on, polyester, nylon,
rayon, pol yet hyl ene, pol yvinyl chloride,

- W@odogwsrgs al cohol , pol yvinyl am ne and pol yur eBCT/GB2006/003440

substrate nay conprise a carbohydrate. In the first to
third aspects of the present invention, an al cohol may
be present. The substrate hhy conprise an al cohol. The
substrate nmay have an al cohol on its surface. The

al cohol may conprise a diol , which may be a vicina
polirethydenag, t podyvinFhehabeotie| payybeéngdbicobdlfrom
one or_nore of an al kyl diol , preferably a C2 to CX

PORYKITY YpBEne aRIaPRYYUFRRol, preferably a C3 to C25
al kyl triol and a phenyl d|oI preferably a vicina
phenyl diol. Each hydroxyl group in the triol is
prefbeabubSVretﬁamaYoC@mEréﬁethecérh@hYﬁ?atéxyl
groups. The al cohol may be selected from catechol,
et hyl ene glycol or glycerol . The substrate may
conphi sReafsirkkcen- dhaxddaspased oft ehkapresenh asvention,
gl.ass, silicon dioxide, sand, and silica. The nethod

anoﬁlFﬁEO%r@§¥nPelﬁV@ﬁ?PEn mayei AYBPTEAtEoRPYcCPRGTLRE 20

aléU?é&rat nY ktRstrathki £QY- 6a0LabAi BYc6RRRPOBAd 188 surface.
I ned ereln and exposing the conpounds to

Thele&tohu&gmay|comgdnaE|@ndha&bnyhaChr@queh@yaoﬁlﬁﬂ@ﬁﬂ

3 to 30, Gz subse t eatl trate
dlﬁ}fhoﬁ ﬁaFaégaatlﬁBesﬁggggﬁg ¥¥hé sl %ggggoﬁg%% 0%% or
mogenpguad anekerabby, Cgﬂ’@fe&@&l? a C, to Cys alkyl d:l.ol an

(3- trlethoxy3|%élpropy 5 - dineth Ihydan

alkyé KEL64enBEE raBpat anke %%ycﬁoﬁﬁkwge 518HI8P%n§tPH§nY1
dl%ﬂ?sb?@%grabﬁgl%dbaglngﬁtpﬂghyh'ahbgq l@a@h hydroxyl group

in the triol is preferably vicinal to one of the other
hydroxyl groups. The alcohol may be selected from catechol,
ethylene glycol or glycerol.

The substrate may comprise a silicon-dioxide based

material, such as glass, silicon dioxide, sand, and silica.

The method of the present invention may involve:

contacting the substrate with.a silicon-containing
compound as defined herein and exposing the compounds to
electromagnetic radiation having a frequency of from 0.3 to
30 GHz, and subsequently treating the substrate with a
halogenating substance. The silicon-containing compound
preferably comprises 3 (3-triethoxysilylpropyl)-5,5-
dimethylhydantoin. The halogenating substance may comprise
a chlorinating substance, including, but not limited to a
bleaching agent, for example a hypochlorite such as sodium

hypochlorite.
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bl eachi ng agent, for exanple a hypochlorite such as
sodi um hypochlorite .Following treating the substrate
wowaoh/08t1es hal ogenati ng agent, the substrate naRCDHEB2006/003440
dried. The substrate may be dried by exposing the
substrate to a tenperature of 20C or nore, preferably
30 Cor nore, nore preferatty-35 0OC for a period
including, but not limted to, 1 hour or nore,
preferably 4 hours or nore. The present invention wll
NOVEHe1 bisk HSt £abgeiMb t bne ekepepsgréowi bR tBkl Bulogenating
non-1imted Exanpl es. Exanpl es Exanple 1 Separate
agewat chee sfbebraba MBYeb@a@ﬁl@dea?EHemﬁﬂhs r3beulpynbe
contaj nin ne of, 1. - ri h j raeybho
ar R o Rl P aEe b s eBRr SEa b 60T RoooHREbdhrBr BBV ox
mot8; t pretboxpdiyl b propyl hoxrd, heodenprbfehydapt 85AC Bor a
.potassiun1ttinetgﬁlsilanflate, 4
Pe¥iPHsdBFOPGLER) aRBF, 28T L1Bt hedy P mel hiPBE: §FsTPERe, 6
prefB¥E4HO¥Yat BHOLBaLLOmBREY (di met hyl siloxane) , 7 .
(3-chl oropropyl) triethoxysilane, 8 . (3-chloropropyl)
di met hoxynet hyl sil ane, 9 . octadecyl tri methoxysil ane,
10 3- anminopropy| i eth [ el z ;
(0 rThE RORSEREy Y vebEaShri e b8fope typtskracpq wich
reférenethesyshkyFdlpowpyl] noat hyhénedi asxanpleand
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13 . 3-glycidoxypropyltrinethoxysilane . Each sol ution

cont ai ned acetone, ethanol and nethanol. Each swatch
woRocost’eh was then irradiated at a frequency PET/GB2IV6/003440

0.30-30 GHz for a period of tinme dependant on the

properties of the silicon containing conpound that was

attached. All experinents were perforned initially at

2.45 Ghz, with power | evel being varied dependi ng on

the nature of the attached functional group. In

gengkahpikBe procedure was first attenpted at ful
pomET—TgT‘TuII two cycles of the follow ng program

30s 50% power (325 Watts) , 30s relaxation (magnetron

disEgg%gﬁg)l, 30s 50% power, 30s rel axation, 30s 100%
power, ow to cool to roomtenperature, then repeat
cycle. If the procedure "cracked" the reactants, then

the irradiation _tjinme and r level were reduced. .

accSPBPRGES GWELF ﬁeogrSEgggpew§F8ISgghtﬁgeaggﬁrgéth &
sofi@sdbh cHheasanpbesneene .t hen washed, rinsed

t horoughly and dried overnight at 35 C. The

attachment of the silicon-containing conmpounds was

con irPESFQég%%FEQ%%Y%gi&ghbﬁgﬁggﬁgse in weight of the

cl ot'h in the physical
octhaeagt ennetihgyd adhchianc lcaflbridel,), 3. bi oci da

efficacy of the treated_fabri 2 sampl e e bel ov
4 .2FT§§3§§ééﬁF€§§§§ﬁ1@&H?PPY§)?Seﬁé Hszyiﬁ%q&ﬁF§¥h'

(al k), gQaggiuHP%&QHékﬁﬁﬁ%ﬁgﬁﬁﬁlbﬁ%,prOdUCt in

di sti'll ionl zed wat ér ( ) . Concl usions from

Exadpl e t¥iisbprapyd sideled i s
5. methoxydimethyloctylsilane,
6 hydroxy terminated poly(dimethylsiloxane),
7. (3-chloropropyl)triethoxysilane,
8 (3-chloropropyl)dimethoxymethylsilane,
9. octadecyltrimethoxysilane,
10. 3-aminopropyltriethoxysilane,
11. 3-(trimethoxysilyl)propylmethacrylate,
12. N-[3-(trimethoxysilyl)propyl]-ethylenediamine, and
13. 3-glycidoxypropyltrimethoxysilane.

Each solution contained acetone, ethanol and methanol.

Each swatch of cotton was then irradiated at a
frequency between 0.30-30 GHz for a period of time dependant
on the properties of the silicon containing compound that
was attached. All experiments were performed initially at
2.45 Ghz, with power level being varied depending on the
nature of the attached functional group. In general, the
procedure was first attempted at full power for full two

cycles of the following program: 30s 50% power (325 Watts),
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nonspecific with respect to the type of functionality
that can be attached, and the conpound may conprise a

- Wadoglssrher, silanol, or silanolate; 2 . The PCDCB3®6/003440

works for silyl ethers, silanols and sil anol ates; and
3 . by tuning the frequency and power |evel, the

nmet hod can be tailored t-01s/oid degradation of with
other functionalities within the system and 4 . the
process works on cotton. Exanple 2 100 ng sanpl es of

3 o@%@&%@é&&?hﬁMg?r%&@b@%mﬁg@é&@aS@ Os \{mﬁe[;ﬁéx@@f pd3os

with one of t O||OMAng sol ut1ons of:

reI?TaMEﬁhoxy%$ly09 PO | alb@ﬁdﬂéd@¢%ﬂrﬁﬁfﬁ@%MnDnlum
chl or.i de2 3 h [yl n p
oGRS, ol LA NELLY P M Dpsocaure vcrachea
thd rri@dtﬁ%ﬁh&] ﬁiﬂl@éxat ehe 41rricﬁia'1is:0cpm opithesi dmdopowsr , level
nmet hoxydi pet hyl il ane, roxy termnate
WD LA M GGG STEAL che M Syl § Laed the
deéfféﬂr%%ﬁﬁlﬁaneTh§ safiSt &8 REHOT OfYh )washed, rinsed
di met hoxynet hyl sil ane, 9 . octadecyltrinmethoxysil ane,

thaouglsl ynnemd plopsyd q>v¢zemh@1xiys¢¢ ave, 41. 3-
(trimethoxysilyl) propyl nmethacrylate, 12 . N - [3-
(trimethoxysilyl) propyl] -ethylenediam ne, and 13 .
3-9TN§Iﬁ@%&@h@@&ttéfn@h@OsySiéameconEatnlﬁglubMpuunds was
cont ai ned one or nore of acetone, .ethanol and ne

confirmed by: 1. an overall gncrease fh welgh %hgﬁ

cloth (all samples), 2. a change in the physical
characteristics of the cloth (all), 3.biocidal efficacy of
the treated fabric (2 samples, see below), 4. FTIR

spectroscopy (all), 5. elemental analysis (all), and 6.

ionic strength of the product in distilled, deionized water

(all) .

Conclusions from Example 1: 1. the method is
nonspecific with respect to the type of functionality that
can be attached, and the compound may comprise a silyl
ether, silanol, or silanolate; 2. The process works for
silyl ethers, silanols and silanolates; and 3. by tuning
the frequency and power level, the method can be tailored to
avoid degradation of with other functionalities within the

system; and 4. the process works on cotton.
Example 2

100 mg samples of nanoscale bohemite (300 nm from
Sasol) were treated with one of the following solutions of:
1. [3-(trimethoxysilyl)propyl] -

octadecyldimethylammonium chloride
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100 nmg of bohemite is approximately 1 mmol . To this 1

mmol of bohemite approxinmately 0.1 mmol of sil ane
waele@sobvesl in approxi mately 0.5-1.0 nL of acetPCOEGRa®6/003440

added. For exanple, the MWof 3

(3-triethoxysilylpropyl) -5 ,5 - dinethyl hydantoin is

332, so 33.2 ng of silane Was-dissolved in 1 niL. For

the reactions abov e , the procedure was scaled up to

full nolar scale. Surprisingly, the "batch" scale

aCtQa|bX3m@fk@ﬁhﬁﬁ?ﬁlbﬁlpﬁbpybﬁQStBkalmaﬁhYlhydhat01n,

experinent, i.e.. a hlgher and better degree of
att%ehnﬁﬁ?aéﬁlﬂﬁet§FW? BrlshleneldbRenite was
obsgrve i@§1£ﬁ5@ then irradiated at a
fre%uengy g O 30-30 GHz for a period of tine

depsnd|mgthnxyﬁempthpéoctgésmianhe silyl ether,

e Aoty SRS 1R g ALLBENGy BBy

used. The-samBkesrvByE) tb@eth@&?QQIWhéh a minim
anount ofice cold ethanol and then twice_with surf

act 8nt {BoRPAPHPREORMEL AL MERBOXHRBEEY L Relt8 Bhen ri nsed
wth maE%EaHQQ&?FQQh&tﬁBgygEhgﬂeovern'ght at 35 C .

The attachnment“o e s [fcon-containing conpounds was
conf.or.nmed - bmlnbpropydhamgéhomyshéaphys|ca

h t t th t ed t
b1 offdal J6i FFARER PBIVERAY L) EACRY NARCpRT U oEBe (2

sanpbes, N'Q3PQEEh&ékﬁbxy§QﬂyﬁlQﬁgp%l@n@tﬁyleﬁedlﬁﬁhﬁe, and
spectroscopy (all), 5 . elenental analysis (all), and

6 . 1Boni &-Styergoryprophe LEABEEROXYH LAPSEI-| | ed,
delonlzed water (all) . Conclusions fromExanmple 2 : 1
the process is
Each solution contained one or more of acetone, ethanol

and methanol.

100 mg of bohemite is approximately 1 mmol. To this 1
mmol of bohemite approximately 0.1 mmol of silane dissolved
in approximately 0.5-1.0 mL of acetone was added. For
example, the MW of 3 (3-triethoxysilylpropyl)-5,5-
dimethylhydantoin is 332, so 33.2 mg of silane was dissolved
in 1 mL. For the reactions above,.the procedure was scaled
up to full molar scale. Surprisingly, the “batch” scale
actually worked much better than this small scale
experiment, i.e.. a higher and better degree of attachment

of the silicon on the bohemite was observed.

The samples were then irradiated at a frequency between
0.30-30 GHz for a period of time depending on the properties
of the silyl ether, silanolate or silanol that was attached.
The irradiation procedure described in Example 1 above was

used. The samples were then washed with a minimal amount of
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nonspecific with respect to the type of functionality
that can be attached, and the silicon-containing
w@oooposr1ds can include a silyl ether, silanol, POF/GB2006/003440

silanolate; 2 . by tuning the frequency and power

| evel , the process can be tailored not to interfere

Wi th other functionaliti-est8ithin the system and 3 .

The process works well on bohenmite Exanple 3 Two

sanpl es of each of the substrates |isted bel ow were

icd re&t & whiioridherces dwid®nwth [Sarfactant-containing
(trimethoxysilyl) propyl] -octadecyl dimethyl a niuq&
watcdit priltle oampled| WRTOLRAN Irimeed | B HRXYRFFY | Propyrghly
=5.,5-.di tgih The substrate sanpl es were:
ang @fi%?t%‘%égyéﬁ%ﬁ"ﬁ%%m%w de, 3 . titanium dioxide,
4 i glasz, 5. nylon, 6 . kaolinite, 7 . barasym 8 .
silicon dioxjide, 9 ol ,.10. leather, 11, silica
2. Thol sctrarrsieet, LS. dbitaorterpgr e ngsSonbSinds was
coRPl ¥HEgt hane 1.16a_@Egﬂ%énfngtﬂéoﬁhyéfeag|&ﬁ&f@bteiﬁstics
catechol ,” 19, zeolite, 20. vermculite,_ 21. bohemte,
of 2he porgasedrnandpatriiet dano? - anbhec el safpledckeps the

irradiated at. a frequen en_0 f ;
trﬁ%ﬁ?%dn%?oP?ﬁ%?ca % ggpé% gg%ggng?hgggFggggg%é sbiéitions 1
an@b§D[ghng gwwne$%é§5roécbby fub$trase. ghementadi atadpsis
rocedure described in Exanple abov s.used.  The
(2D kol 3906 eLoRER GBEHEHLEr Pheble ROPRHER! § tardcti fLa%:
dePUREDLEN,,RL 30,61y . The sanmples treated with 3(3-

Conclusions from Example 2: 1. the process is
nonspecific with respect to the type of functionality that
can be attached, and the silicon-containing compounds can
include a silyl ether, silanol, or silanclate; 2. by tuning
the frequency and power level, the process can be tailored
not to interfere with other functionalities within the

system; and 3. The process works well on bohemite
Example 3

Two samples of each of the substrates listed below were
treated with either a solution of [3-
(trimethoxysilyl)propyll -octadecyldimethylammonium chloride
or a solution of 3 (3-triethoxysilylpropyl)-5,5-
dimethylhydantoin.

The substrate samples were: 1. Cotton, 2. aluminum
oxide, 3. titanium dioxide, 4. glass, 5. nylon, 6.
kaolinite, 7. barasym, 8. silicon dioxide, 9. wool, 10.

leather, 11. silica, 12. molecular sieves, 13.
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triethoxysilylpropyl) -5 ,5-dinethyl hydantoin) were
al so charged with dilute hypochlorite (to generate the
wa@bdognarrhe) and agai n washed, rinsed and dri ePICT/GB2006/003440

attachnment of the silicon-containing conpounds to each
substrate was confirned by: 1 . a change in the

physi cal characteristics-0oiSthe treated sanples (all),

2 . biocidal efficacy of the treated sanples (al

solid sanples), 3 . oxidation of iodide to el enental

moh@fbpel{sampkesitr eapelywktindné3- 16. ethylene glycol,
trlethoxyS|IngropyI -5, b- dlnethylhydant0|n) , 4.
17FTI @l¥pesptoséBpy FaFeyhos, 1Ponj &2etiEfgt fY of t he

ve%@?gﬂﬁﬁFén giSt'bbﬁgmlgg'OﬁbzeEoW@EgEeQal|b8 . HNMR

those treated wt
trTetbehahehanene- hydant oi n S|Iane and catechol -
hydantoin silane]), 7 . GCM5 (3 sanples: those treated
wi th catechol hydantoin silane, triethanol am ne

hydentokRmpi kangeaad ml.ma@a@ledhmaat Gi-egsichagebetween
Concl usi ons from Exanple 3 : . the process wll work
0.pOr3anFHeubstT at Perhad @énFémﬁs anlapspPEprrateos the

mlgﬂgnge absgggéﬁaepfggg?gﬁg%egf the sBhsteaikRg t&%e

requency an process can be tailored
1rﬁadlh01bntpmbeeduwetﬂeebh&beﬁunutEaampﬂE|ésaWDNhlwashased-

t d 3. th d ted nmat "
T3, SETRLERy BRI SPER: YPFOEY hé -Bary A SR RERY PPEafEde

ové%h%%ﬁﬁ gEram-HNVR apd GoMplcBx@mehecd Riixhswatches of
nyl on: cotton cloth were each di pped one tinme in

triaekhowmssoldpirepyed -3, égdlmethylhydant01n) were also
charged with dilute hypochlorite (to generate the

chloramine) and again washed, rinsed and dried.

The attachment of the silicon-containing compounds to
each substrate was confirmed by:

1. a change in the physical characteristics of the
treated samples (all), 2. biocidal efficacy of the treated
samples (all solid samples), 3. oxidation of iodide to
elemental iodine (samples treated with 3 (3-
triethoxysilylpropyl) -5,5-dimethylhydantoin), 4. FTIR
spectroscopy (all), 5. ionic strength of the product in
distilled, deionized water (all), 6. HNMR (2 samples: those
treated with Triethanolamine-hydantoin silane and catechol-
hydantoin silane]), 7. GCMS (3 samples: those treated with
catechol hydantoin silane, triethanolamine hydantoin silane

and glycerol hydantoin silane).

Conclusions from Example 3: 1. the process will work
for any substrate that contains an appropriate S, and/or O,

and/or N, and/or Nu; 2. by tuning the frequency and power
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triethoxysilylpropyl) -5, 5-dinethylhydantoin. The
first set of three swatch sanples were irradiated at a
wo e@gqusricy between 0.3 0-3 00 GHz for a peri odPOf/GBRGDB/003440
as described above in Exanple 1 . This first set of
sanpl es was then chlorinated with dilute bl each
washed, rinsed thoroughly,2Gnd dried overnight at 35 C
As a conparative Exanple, the second set of three
swat ch sanpl es was heat cured overnight at 80 C . The
1e%ei€ippntﬁqéqbrcf]&%§§r¢)dnesb@vaisailmm@ hhatr | tat ot eu ferei Vitle
each, washed, rinsed thoroughly, and dried overni ght
ot FEt L TheL HE S HER of AR eI oS- Che O
s rancd i onahd ¥ 011 H0LFe S@1 St O c SBPPA £EF ¥BSn € OfF bl MEHe bY
FTIR and by i1odonetric titration. Results
equtvahent dteat t hraeated veratvat birennpids 3¢ aFAYE) 80%
hi gher chlorine content over the heat treated sanpl es.
Additionally, the irradi ated sanpl es denonstrated
hypessabeat4 character by differences in ionic
strength. Conclusions from Exanple 4 : the irradiation
process is nore effective and efficient than heat

tre§iﬂeg%a@$h@§t§§h§@95§iﬁ%&oﬁ!@@f@@nsﬁl@ﬁﬁ|ﬁeﬂ@deach
silanol ates to substrates.Exanple 5 The biocida

dipbadacher t bfe heat @dknoeat edlganphest o (50: 50 cotton:
crLALUELE, PRBRL o0 Bt Lol LCelohodsollbhes, FRATEpar cer
of acht¥8 SRhOEhNSakpNEENteds detadnhbed hy hodosgtency
beé;;égtb?gb_ggguéég %ggmgdngggdeé%enggtagf&égggxbg& above
in Example 1. This first set of samples was then
chlorinated with dilute bleach, washed, rinsed thoroughly,
and dried overnight at 35° C. As a comparative Example, the
second set of three swatch samples was heat cured overnight
at 80° C. The second set of samples was then chlorinated
with dilute bleach, washed, rinsed thoroughly, and dried
overnight at 35° C. The attachment of the hydantoin
functionality of both sets of samples was confirmed by FTIR,
and by iodometric titration. Results demonstrated that the
irradiated samples retained 80% higher chlorine content over
the heat treated samples. Additionally, the irradiated

samples demonstrated hypervalent character by differences in

ionic strength.

Conclusions from Example 4: the irradiation process is
more effective and efficient than heat treatment at
attaching silyl ethers, silanols and silanolates to

substrates.
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irradi ated sanples to Bacillus anthracis spores while
heat treated sanples denonstrated mninmal activity
wag@st778aci | | us ant hraci s spores. Concl usi onBCT/GBR006/003440
Exanple 5 : The irradiated materials are distinctly
different fromthe equival ent heat treated version
The irradiati on process prdtduces a product that is a
nore efficient sporicide than the heat cured
process.Clainms 1 . A nethod for the chem ca
attachment of one or nore silicon-containing conpounds
to a substrate, the nethod conprising: providing one
or EspEPip| Bcon- cont ai ni ng compounds sel ected from
si |l oxane conpounds, silanol conpounds, silyl ether
conmpounds, sil.anol ate conpounds, hal osil ane conpounds,
siIaheaheocmﬂpmundaraandrsbEahaaEedonp@ahd§ samples of
contactin% nore of th ed§ é on-cg talnln% - 1es
50¢ 8Rp6RREST WY OE YGFPab8™BRT s Wb Sy &4FE REPo
£rBRr exBHpheophi | Bethi Lesst Ber @@ﬂlplé@;dp@ﬂ%@%ls@@ the same
silicon-containin npounds and the surface to
acglizet FHARYABE] @Orlgéiﬂﬁt renIRECIAGNESS PEqdereyetEdm 0. 3
tlE9P§QngE Résuléswghg%gdfﬁggﬁr%§kbﬁgeiQ @EE@%a@& of
I'’con-containin oun on a surtace of
1r$&ﬁ$htadesahb&e&etboﬁacdﬁﬁu&sanghrpcowl@p@ge@nwhoﬂe heat

nmore silicon-caontainin qQunds .sel cte
tr@ﬁr—sﬁaﬁéme&ﬁﬁoéﬁ&@?sgrgéﬁ&nee&w‘&&n&S léﬁlfé% against

Bacillus anthracis spores.

Conclusions from Example 5: The irradiated materials
are distinctly different from the equivalent heat treated
version. The irradiation process produces a product that is

a more efficient sporicide than the heat cured process.
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et her conpounds, silanol ate conpounds, hal osil ane
conpounds, silatrane conpounds, and sil azane
W@ oivposN1ds; contacting one or nore of these  PCT/GB2006/003440
silicon-containing conpounds with a surface of a
substrate; and exposing the substrate and the
silicon-containing conpoun®® to el ectromagnetic
radi ati on having a frequency of from0.3 to 30 GHz. 3
A nmethod as clainmed in claim2 , wherein the
clsidagtrate has one or nore nucleophilic sites on its
—sSurface or one ornore conpounds having nucl eophilic
groups are present on the surface. 4 . A nethod as

1.Cl ahnﬁgthg?ckéﬁ%ﬁe’ cHBREELD LPB.ORReAE BBr 8nEOBROMBHS
havi ng nucl eophilic groups conprise an alcohol. 5. A

sifretbodcasteiningdcompanydentood shbspratedi hijechathed
wherei.n the silicon-containing conpound conprises a

COUBIpBuRd of the formula | fornula | or a pol yner

haVb@Bvﬁ@Eﬁ%tbﬂg o sref sf ofBvhacbhrawhiiah seypbends
term nated by hydrogen-or an al kyl _group at one or
sebeehe@n§5onf St hexpBFRy REFPEHAAS, FéLAUPa FPTRAEREEn RifY1

is..h r ac p anCihat
orhg DABRERcRy SeysnLonCEl iy o Epotsafs abfbunas
sigébhybneandmpoiadd,t end sipreheeabbypdundR?2, R3 and R4
are each independentl sele%tﬁg from,al kyl , .
I KSPEEFEFABRyong) Ryl BT oo tali ot RyEOr SERyAPENS

compounds with a surface of a substrate having one or more
nucleophilic sites thereon;

and exposing the silicon-containing compounds and the
surface to electromagnetic radiation having a frequency from

0.3 to 30 GHz.

2. A method for creating an array of silicon-containing
compounds on a surface of a substrate, the method
comprising:

providing one or more silicon-containing compounds
selected from siloxane compounds, silanol compounds, silyl
ether compounds, silanolate compounds, halosilane compounds,
silatrane compounds, and silazane compounds;

contacting one or more of these silicon-containing
compouﬁds with a surface of a substrate;

and exposing the substrate and the silicon-containing
compounds to electromagnetic radiation having a frequency of

from 0.3 to 30 GH=z.

3. A method as claimed in claim 2, wherein the substrate

has one or more nucleophilic sites on its surface or one or
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al kyl hydant oi n, al kyl acryl ate and al kyl al kene; and in

forrulal , n, m, 0 and p, are each 0 to 3,
w@e@viogi7ng t hat mtn+o+p = 4,in forrmula I, n aHUUGBaMBm&MM)

each 0, 1 or 2, providing that n + p = 2. 6. A

method as clained in claim5 , wherein the

siliconcontaining conpound23s-a conpound of fornula I

, Wherein mis 3, nis 1 and o and p are both 0, R

is hydrogen, nethyl or ethyl . 7 . A nethod as clai ned
mok8 ébﬁb@héd@rhéb@h§1ﬁucléﬁﬁh@lﬂcR@roﬁ@saaﬂéopréﬁens ofi the

the formula Il -. - (CH)y-R5 fornmula Il wherein Y
sur§ageto 5, preferably 3, R5 is selected fr.om

hydr ogen, halogen, NH2, Ci to Ci8 alkyl, Cto Ci8

al kyl di met hyl anmoni um al kyl met hacryate, preferably
4.ethglmethpdopyluﬁahaedyﬁatelaSmSSdiuhkyehydahﬁopne or more

ref erab 5, 5- dantoin, alk Iene amn
coBPEFERa oYk ME EaPRR G, SRERPe] GTBar gl L Sioonol.
preferably perf Iuorooctyl and 3-gl yci doxy. 8 . A

met hod as clainmed in any one of clains 1 to 4, wherein
5.t heAometbpdnaeecdplimednincaAvaPRengicbRpobrgSediag claims,

whg%%zgéggﬁfr9EP%%Pagghigghgﬁﬁyébhébhngr?%%bklses a compound

nmoni um chl or
oft ehet Bexwailbylpropyl) -5, 5-di nethyl hydant oi n,
pot assium trinet hyl silanolate, triisopropylsilanol,
met hoxydi net hyl octyl si | ane, hydroxy term nated

$R2)n
(R10)m—S|i-— R3)o
Radp

formula I

or a polymer having repeating units of formula IT,
which may be terminated by hydrogen or an alkyl group at one

or both ends of the polymer chain,

gbﬁl
$=—O
R3)p

formula IT

wherein R; is hydrogen or an alkyl, preferably a Ci to
Cs alkyl, more preferably, a C; or a C; alkyl, such as methyl
ethyl, and m is 1 to 3, preferably 3;

R,, R; and R, are each independently selected from
alkyl, alkylglycidoxy, alkylamino, aminoalkyl, acrylate,
alkylhydantoin, alkylacrylate and alkylalkene; and

in formula I, n, m, o and p, are each 0 to 3, providing

that m+n+o+p = 4,
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poly (dinmethylsiloxane) , (3-chloropropyl)
triethoxysilane, (3-chloropropyl)
walremeobosynet hyl si |l ane, octadecyl tri met hoxysi | BETEGB2006/003440
3-am nopropyl triethoxysilane, 3 - (trinmethoxysilyl)
propyl met hacrylate, -N- [3-(trinethoxysilyl) propyl]
-et hyl enedi am ne, and 3 ~ 24 -
gl yci doxypropyl tri nmet hoxysilane, IH |IH 2H 2Hperf
| uor odecyl tri nmet hoxysilane . 9 . A nethod as cl ai ned
i n ghakByBulaWier ehnahBep0AeeOEabAr 6, 1 or 2, providing
silicon-containing conpound are selected from][ 3-
thetr prst Boxydi-l yl ) propyl] -octadecyl di net hyl anmoni um
chloride and 3 (3-triethoxysilylpropyl) -5,
5-di met hyl hydantoin. 10. A nethod as clainmed in any
6 .oneAofiethedprecedenged annslawmebei wheklreinutheophilliicon-
sites.conprise one.or nore nucl.eo h%lic royps . .
CoBbRLA APnGOBREUH o & SPTBOUNE Shd TRETUIE. T WEERSAT ™ 1°
3,a8 ekaimgddi B apy enaref bbhe preeedi aghedabsen, WheteyD or
the substrate conprises a woven or nonwoven fabric
ethgilerial . 12. A nethod as claimed in claim 11,
wherein the fabric material is selected fromone or
nore of cotton, polyester, nylon, wool, |eather,
7.r ayanmephbyetly kdndmepolivyichpiohborirdelaim 6, wherein Rs,
pol yvi nyl al cohol ,. pol yvi nyl ani.ne and pol yurea . 13. A
Rs n%’fl%%ﬂra%‘* éllsai‘?#eot}?eg %‘&%aﬁfchl ains 1 to 10, o
wherein the substrate conprises one or nore materials
sel ected from al um num oxi de, titanium di oxide, glass,
nyl ofCHkhelRsni t e, barasym silicon dioxide, silifegmula ITI

wherein Y is 1 to 5, preferably 3, Rs is selected from
hydrogén, halogen, NH;, C; to Cig alkyl,
C; to Ci5 alkyldimethylammonium, alkylmethacryate, preferably
ethyl or propylmethacrylate, 5,5-dialkylhydantoin,
preferably 5,5-dimethylhydantoin, alkylenediamine,
preferably ethylenediamine, perfluoroalkyl, preferably
perfluorooctyl and 3-glycidoxy.

8. A method as claimed in any one of claims 1 to 4,
wherein the one or more silicon-containing compounds are
selected from [3- (trimethoxysilyl)propyl]-
octadecyldimethylammonium chloride, 3(3-
triethoxysilylpropyl)-5,5-dimethylhydantoin, potassium
trimethylsilanolate, triisopropylsilanol,
methoxydimethyloctylsilane, hydroxy terminated
poly(dimethylsiloxane), (3-chloropropyl)triethoxysilane,
(3-chloropropyl)dimethoxymethylsilane,
octadecyltrimethoxysilane, 3-aminopropyltriethoxysilane, 3-

(trimethoxysilyl)propylmethacrylate, -N-[3-
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nol ecul ar sieves, nontnorillonite, polyurethane ,
et hyl ene glycol, glycerol, catechol, zeolite,

4 waeoorios1i’s t e, and bohemite. 14. A nethod as cl aP@EABRIV6/003440

any one of the preceding clains, the method conpri sing
contacting the substrate with 3(3-
triethoxysilylpropyl) -5; 85dknet hyl hydant oi n,
exposi ng the conmpounds to el ectromagneti c radi ation
having a frequency of from0.3 to 30 GHz, and
(tSYRSeavapEiY vin eabibld 1t-ke hyubsttakaivel haad 3-
hal ogenati ng_substance. 15. A substrate having a
glycidespEopyairailng themyednransn aHs dH adle 2Fher eof |
' L - .3i.hi.ng conpound has been
pe%??%%kggggg}%gﬁg%ggog'ggﬁﬁggd into an array on, the
surface by the nmethod as defined in any one of the
preceding clains_. ,16.. A nethqd for the synthesis of
9 hypér &l &A °dGRE6R: dnic algbﬁpowﬁ?ﬁéiel{%%hﬁet%d or more
5i0QRRNHI-SoRG a iR QY BRI BReMel e%itlddC FrowONizai Ni ng
conpounds sel ected from sil oxane conpounds, silanol ,
(tadmes ey s idivily Prerydd -espsesyd digiatdydiagmenium chloride
u , il uRds,_ Sl ds,
D b SRt T s T ]
or nore siliconcontaining conpounds with a surface of

a substrate; and_exposjng the silicagn-containin .
10compodiftdiosnds ioﬁadf@ég | 3 We O 3¢ Eyeceding claius,
wHRr@Q ' @ARY @l%tdl%c?@ﬁtd QN thaVidthpr ifdee BN G @ordd om

0.3 to 30 .GHz. 1I7. A hyperval ent silicon-containing
nucdrgepinid ifco gnshins @pntaining one or more of O, S and N.

11. A method as claimed in any one of the preceding claims,
wherein the substrate comprises a woven or nonwoven fabric

material.

12. A method as claimed in claim 11, wherein the fabric
material is selected from one or more of cotton, polyester,
nylon, wool, leather, rayon, polyethylene,
polyvinylchloride, polyvinylalcohol, polyvinylamine and

polyurea.

13. A method as claimed in any one of claims 1 to 10,
wherein the substrate comprises one or more materials
selected from aluminum oxide, titanium dioxide, glass,
nylon, kaolinite, barasym, silicon dioxide, silica,
molecular sieves, montmorillonite, polyurethane, ethylene
glycol, glycerol, catechol, zeolite, vermiculite, and

bohemite.
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16.
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14. A method as claimed in any one of the preceding claims,
the method comprising contacting the substrate with 3(3-

triethoxysilylpropyl) -5, 5-dimethylhydantoin, exposing the

. compounds to electromagnetic radiation having a frequency of

from 0.3 to 30 GHz, and subsequently treating the substrate

with a halogenating substance.

15. A substrate having a silicon-containing compound on a
surface thereof, wherein tﬁe silicon-containing compound has
been attached to, and/or organised into an array on, the
surface by the method as defined in any one of the preceding

claims.

16. A method for the synthesis of hypervalent silicon-
containing compounds, the method comprising:

providing one or more silicon-containing compounds
selected from siloxane compounds, silanol compounds, silyl
ether compounds, silanolate compounds, halosilane compounds,
silatrane compounds, and silazane compounds;

optionally contacting the one or more silicon-
containing compounds with a surface of a substrate;

and exposing the silicon-containing compounds and, if
present, the substrate to electromagnetic radiation having a

freguency of from 0.3 to 30 GHz.

17. A hypervalent silicon-containing compound formable by

the method as defined in any one of claims 1 to 14 and 16.



