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WD 2007/ 031775 PCT/ GB2006/ 003440 - 1 Method for

attachnment of silicon-containing conpounds to a

surface and for the synthesis of hyperval ent silicon-
nEounds 5 The present invention relates to _a_net hod

Wgrz ’887% ng a hyperval ent state within PLTIGB2006/003440

silicon-containing conpounds by which they can be

chem cally attached to a SU{face or substrate and/ or

organi zed onto a surface of-a substrate. The conpounds

when attached to or organised on the surface 10 may

have dlfferent oh S|cal and/or chen1cal properties
. at : ntaipin nds to a

saiztﬁa@ma SbrSthi C%MH:@ 'BP%EEQWQEEHE si0i s8] aces

aemipoundsachi eved by contacting a suitable surface W th

a suitable silicon containing conpound in the presence

of an activator and heating the surface. The reaction
bet watie prbgestr igeeniaih trhed atidsi €¢enacosthbdi Agr inducing
conpounds is relatively sloqw. An exanple of the

SRR ENbf SER FBx%h %KF%%&Qan8P95§FEFPEoF?BH°?%ﬁﬁ|?¥
WiSichg t‘h@g abR! beathoni &1 Realc talched £6! aSgdrElce or
US4417066. In a first aspect, the present invention
Wir@ég andfer hotgdnt zehontire® carfaceachnansubstomee -
%3 %%oﬁhh Cgﬂenzgtﬁﬁgﬁéﬁryéu%f: qggﬂgg t8n the surface
Substrat conprising: I'ng onhé or re
&=y ihaoe- dmﬁfarenﬂgph&m¢mnmuhndﬂnﬂ ehémdcﬁﬂoprepénkhae
conpounds, | anol ounds ilyl ether conpounds,
g%ﬁ@ﬁaF@ E%ﬁp%ﬁﬁﬂ%lquW?ﬁﬁqﬁﬁlg ‘conpounds, sil atrane
conmpounds, and sil azane conmpounds; 30 contacting one or

nore of the silicon- contalnlqg
The chemical attachment of silicon-~containing compounds

to surfaces is known to the skilled person. Conventionally,
this is 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. 2An 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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conpounds wth a surface of a substrate having one or
nmore nucl eophilic sites thereon; W 2007/031775

PCT/ GB2006/ 003440 2 and exposing the

si licon-containing conpounds and the surface to
NG neti c radiati on having a frequency PEHEB2QY6/E3440
to 30 GHz. 5 In a second aspect, the present invention
provi des a nethod for creating an array of

si li con-contai ni ng conpoUnas“on a surface of a
substrate, the nethod conprising: providing one or

nmore silicon-contaijning conpounds 10 sel ected from

si | oxaqite cxppgdnadshe spibiean waRtaindag spmppundeghapd the

¢ b2REhALS QPfE'HO#H!i i ihang o ’
Si a?#gnéygﬁﬁpounﬁg? and- si a%%ﬁéﬂggﬁgguﬁds; cgﬁggﬁt réfom
Qosie tor 3P01IGHzof t hese silicon-containing conpounds with
a surface of a substrate; 15 and exposing the substrate
and the silicon-containing conpounds to

el ectiprageebng Asgedt | othd Prdrdnt fikwenedey ptoviaesm
0.3 to 30 GHz. The substrate may have one or nore

nucl opiatiog SPreSTeRting auFHRY Of §iéispnnspetaining
SOIRRUNLS orl3v B0 BUE! SR BRURS craliGcASg

e present on the surtace. I'n the
dommtisimg :second aspects, the surface of the substrate

may he on .he extegioroor [ LngqupE t.he substrate.
The SHSSCARE RED, OF TORS il TSR RdPIRE S BRIt
delldd e T o eisbkhRENcERTEITHE NG IQRMBAURSHPEBMIES 511yl
arranged on or attached to the interior _surfaces of the
%Rﬁgg;qgmgqquﬁatpp%@nolate compounds, halosilane 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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In a third aspect, the present invention provides a 30
nmet hod for the synthesis of silicon-containing
hyperval ent conpounds, the nmethod conprising: WO

2007/ 031775 PCT/ GB2006/ 003440 3 providing one or nore

- HPEPAEBnt ai ni ng conpounds  sel ected from sPCHEBAWE/003440

conpounds, silanol conpounds, silyl ether conpounds,
si l anol at e conpounds, hal osi | ane conpounds, Sil atrane
conmpounds, and silazane conpoltnds; 5 optionally
contacting the one or nore silicon- containing
conpounds with a surface of a substrate; and exposing
t he $iMavddangonnai ¥ NPT pdumen-aedtainingr esspeundse

sub t : net i di ati hayj .
i e e N S e
eteer] @omponde , netl enplate ccanpgemdy) hadosulbaeecompowmeads,
or. nore conpounds haviﬂ? nucl eophi |l i ¢ groups, such as

ng CREPOURHES hy 3R ff1lazans fcopR Fate is

Pr esejyticn3eY yme¥nbect 1 Rg atiRd A e el 8geiebnt he
surface. 15 In a fourth aspect, the present invention

PIMFAINENG cogmpyndat el e gubstrate;
S| GOy GOLRLALNORCOUPPAKE. Rhe iR Y EEuBHErQH  if

wherein t one-or nore silicon- contal ning conpoun
preesericethat tabbedate tdeekirtframemdnet iicheadethddnohatimg a

resent inyention, 20 Ina fifth _aspect, the present
D R O erpol- 5 ta il g o "B RibiskeaEe eV chave one
St N 1RRNRPAL N8 COTPSSINSES s S a3 bacenkhetembre

wherein the one or nore silicon- containing conpounds
FREROURsken hevdaai redleepll bic Gr@ipson 2B ge 3dFPReesSphymay

ﬁé“beaéH%q %Bdtg% Qrgéﬁggréﬂa“ﬁgiﬁyésent, 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
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In a sixth aspect, the present invention provides a
hyperval ent silicon-containing conpound fornmable by the
nmet hod of the present invention. 30 The present

invention will now be further described. In the

MY #8PHG passages different aspects of then PRUEHRI06H03440

WD 2007/ 031775 PCT/ GB2006/ 003440 4 are defined in

nore detail. Each aspect so defined may be conbi ned
with any other aspect or asfpects unless clearly
indicated to the contrary. In particular, any feature

i ndi cated as being preferred or advantageous nay be
aomhiafeches vint moarydethil . fEadlurasperctf eat deéineddinent ee

as bei n referred, or adva ageous. In th

“gr‘i’& agl 8%B86t%5%?° AFRPE ie?ﬁe‘:iéarly
ﬁhdid‘éﬁé‘d?Ql&i &ihel &gneeaﬁ?unph e thien A agqpeyndeatQref
the formula | ) (ROMS -(R3)o )P OHmIaI or

PR Afa \helg@gr éﬁééﬂﬁ@dwm%dwtfa&WSamﬁv bghFeRoined
P ay Rt He! Henabed 8y m&fﬁuﬂm@rﬁw asaee%gyl |

an am ne' group at one or ends of the pol yner
Mmﬁerrre(d?@)rn agvangR@ePus X formula Il wherein RL is
hydrogen or an al kyl, preferably a Cl to

In the first, second and third aspects of the
invention, the silicon-containing compound may be a compound

of the formula I

ERZ)n
ﬂﬁohr-%"—ﬂﬁ%
Ralp formula I

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

9&0n
=
Rs3)p

X formula IT

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

R2, R; and R; are each independently selected from
alkyl, alkylglycidoxy, alkylamino, amincalkyl, 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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20 C6 alkyl, nore preferably, a Cl or a C2 al kyl, such
as nethyl or ethyl, and mis 1 to 4, preferably 3; R2,
R3 and R4 are each independently selected from alkyl,

al kyl gl yci doxy, al kyl am no, aninoal kyl, acryl ate,
IQ%' ﬂ%ﬂﬁt oin, alkylacrylate and al kyl al kenePCH§B209§003440

in formulal, n, m o and p, are each 0 to 3, providing
that mtn+o+p = 4; WO 2007/031775 PCT/ GB2006/ 003440 5
in fornmula |1, nandpare%a'ch 0, 1 or 2, providing

that n + p = 2. The polyner preferably includes

el ectron donor groups 5 on at |east sone. of its:

monoier §ormhkael®l avtarsh pewer eagholpsliney be providing

1%uk,):s%lltusnts on R2 and/or R3 in the formula Il above.
ron“don6i groups include, but are not limted to,

hydr oxyl, am ne, sulfhydryl and car boxyl. X, the nunber

of repeating unlts

| , b
appr GpFi BP YT%r b;i i Cﬁma.r?st g?§6tg@gng‘b?%? FEHRP

o% taQ 1000 | sofbkyt itss nﬁcﬁi‘o%{eélél Y @nhEdet 81620r&h K¥dnoand
be C3 to C18 al kyl. rl@Sg'{b@rasubstltuted or

Qrmhlp§ut§1§1f| bat @@bsiaiwntwqwﬂ%z &Rhanothekfprmula II

era 5.
et catkboPrdl O wdely $$RaS0eR, PRE CRBE L Rimpiea
ts: | hydmoxyhe aaiwa) kgdlfitsyduryaf andbl:yrhoxghl 0X palt ey Inumber
f th J t d 20,
orSBERGLEE HOTRI 4 | EoREHaTH i 1eYaDR PO (ASHEPF MR
rimbei€ bRt had, b&12 i 5o fnycdrmen,pr@etebmblyr 2etbylo00. .

Preferably at | east one of R2, R3 and/or R4 is of the
formula 111

Alkyl is preferably a C; to Czs alkyl, and may be C; to
Cis alkyl. BAlkyl 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;, R: and/or R, is of the

formila III
- (CH2) y-Rs formula III

wherein ¥ is 1 to 5, preferably 3, Rs is selected from
hydrogen, halogen, NH,, C; to Cig alkyl,
C, to Cyg alkyldimethylammonium, alkylmethacryate, preferably
ethyl or propylmethacrylate, 5,5-dialkylhydantoin,
preferably 5,5-dimethylhydantoin, alkylenediamine,
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25 -(CH2)y-R5 formula Il wherein Yis 1 to 5,
preferably 3, R5 is selected from hydrogen, hal ogen,
NH2, Cl to C18 alkyl, 30 C1 to C18

al kyl di net hyl anmoni um al kyl met hacryate, preferably
‘é@‘é?’”‘lﬂ”ﬁr opyl met hacryl ate, 5, 5-di al kyl hydant©k/GB2006/003440
preferably 5,5-dinmethyl hydantoi n, al kyl enedi am ne, WO
2007/ 031775 PCT/ GB2006/ 003440 - 6 preferably

et hyl enedi ami ne, perfluoroafkyl, preferably
perfluorooctyl and 3-glycidoxy. The silicon-containing
conpound may conprise one or 5 nore of

H3femabiyt Aokytengddamiopyl [penfdugdesy kil mePhgf emmpid um
chlarid - .
%ﬁé;ﬁ?5§9§?§;I%?%p§T§%¥f¥§9§ﬁﬁethylhydantoin, pot assi um
trinmethylsilanolate, triisopropylsilanol

nmet hoxydi net hyl octyl sj | ane, 2¥dr0éy term nated 10
ponF@Fw@ﬂﬁ&FéPFB? E@aglng compound’ may comprise one or
oxed *&Jfor[@Dr(EPYhéEﬁbﬁ%QﬂW'ﬂﬁﬁnl_] -

(3-chl oropropyl ) di net hoXynet hyl'si | ane,

astEatfery il me by hamyeniumeshloride, 3(3-

-.anl [i ilan , ,
SEABRBL AL P My dengog, porassiun
tdimewdiNexyahb¥a}er opyl i smidogydeddeanilne, and 3 15

| yci daxypr [ tripethoxysilape, 1H 1H,.2H 2K
R PR L B pE kLR SR B oxypE B B ABEES ( he
oy @Reeal 8k DbREANEPPeIEhlIcrdpFopyl) triethoxysilane,

(trinmethoxysilyl)propyl]-octadecyl di net hyl anmoni um
E}ﬂqhﬁqyéprggyéydimethoxymethylsilane,

AR S RE oK BT RIS AR AR P I tne &

ttheimedhoxysilyl) propylmethacrylate, N-[3-

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

perfluorodecyltrimethoxysilane.

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

thereof.

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

suspension,
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In the first to third aspects of the invention, a 25
sol ution of suspension of the silicon containing
conmpounds may be contacted with the substrate. The
sol uti on and/or suspension preferably conprises a

- PR Nent, nore preferably acetone and/ oPCHEB2006/003440

al cohol, preferably both. The al cohol preferably
conpri ses nethanol and/or ethanol. 30 Alternatively,
the silicon-containing compbund nmay be solvent-free,
i.e. not in the formof a solution or suspension. WO
2007/ 031775 PCT/ GB2006/ 003440 7 The substrate is
preferably a material having nucleophilic sites onits

surface. The nuclepphilic sites nay conprjse, one or

nor e 1 CPEBBEF?F% b$ AR ﬁiW§¥8ﬁégg %?Vh%$e of 0,
rRc@RGpli 1K6r s eXaamde, it &G R0PhiTheCnge 08shi TRY dices
selected fromOH SH and NH2. The substrate ma

MEYMSOMPE 1gef abei er meRs irdclacpiidd chespupPsupant atpingone
il hC gr bi il igan

B REEBE bF S B0, Hox SldinS, HAR nBLEMDRR 10 %roups

eypbeuseltoté Etect0dnihetrid NHadi aThensdlstirg.ea may

freguenc f.from-0.3 10 ..This_reactjon

G 5o SoRF SO Uacorids Haks PgBp5RuH: bR e
il &Ry @At §BshpsEb el sso W Al ieheh¥ombBegt i fige 15
The present I nventors have found that the nmethod of the

Pridsonr copbehninn eArP PN Gogkacseand| Vikbespesurs to
Fhcpakathetlc HATRN SOURINS SOMURG) OF Hin-o.3 o
Xi IGHzon- Chhsaraanyion anpoaildsyy aefdcamsdiwitbinf secvhd®mseas

[ art, e. il gunds ﬁttached

4ﬂh4§%§he%kggagg g?rh gﬁéghéﬁgﬂéio%e%%gg such as merely

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 silicon 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



exanpl e, the silicon-containing conpounds on the
substrate nay have different physical and chem ca
properties such as increased hydrophobicity or
hydrophilicity and/or increased biocidal efficacy.
“HEhOUt bei ng bound by theory, it is 25 believed that
HYYBIEB mcrowave radiation induces a hypBE/&BNEA)03440
around the silicon atom i.e. it coordinates to nore
than 4, possibly to 5 or 6 available |igands. Wen the
m crowave treatnment is stopped, the silicon will often .
relax back to a tetra-coodinate state. The hyperval ent
state is 30 believed to | eads to a nore organi sed
follandeseRhoeh Sehéchim ctmﬁ“&ie’mi n@gteampobosty ohlame and
surface of a. substrate erval en i con, has
Dot 6hotR AT 19k m#%w%under microwave
R Ha2006/ 003440 8 follow ng known reacti on between
tetramet hoxy silane and catechol, which was carried
out in ethanol under mcrowave treatnent: \ OHEt OO
O + microwave ~.~ S'MOH EIO0 OBt 600- /-\ =5 O her
reacti ons known.to result in hyperval ent-si I 10
conmpounds include: EtO %Et HOIl 1 3i OE W

OH EtOQ 0 o
+ \ microwave \\\\‘
/\ o———a
oH B0 ogt : : \
e}
5

Other reactions known to result in hypervalent-silicon

10 compounds include:

HO
"/ J—oet 2 ;) N%
N-] ; —)
()
microwave - 0-.._5{590 or Ogit=0
g ( NH,
NH, HO
NH,
OH

\ . Ny
N + | micTOwave /‘\
_/_ ~QEt e -
Rt G
15 oH
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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rN~/ joO O + N Mcrowave O, &p or OSi ~ "NHZ HO
NH2 NH2 OHicrowave Si Et 0 HO-,--N+ m1l Q~N (\/
Etd/ M CEl \\\/. 15 OH The above reactions and others
that result in hypervalent silicon can be found in the

WO OEMNG3pri or art documents: Chem Rev. 19RfEI/GB206/003440
1371-1448, Chult et al; WD 2007/031775

PCT/ GB2006/ 003440 - 9 Chem Rev. 1996, 96, 927-950,

Hol mes; and Journal of Cfg%nbnetallic Chem stry, 1990,
389, 159-168, Cerveau et al. The hypervalent-silicon
products produced in the above 5 reactions are

gt Kednt 1§98t aBfe 337 RS Ghcdaessi 3ed. Journgl of
dl‘?a'n%)ﬁ%‘éa?ﬁ?% BnShiLLA), EW,Y%'a@?%sﬁg%'ﬁ? dﬁ&&éﬁl et al.
p the p f gh’ t he

ocess 0 resent” ‘i nvention, "althou
hyperval ent silicon nmay revert to a tetraval ent

silicon foll ow m crowave treatnment. It s,
Sur piRg; hgpere 1ns] PEOHECES RRAHERS b ot aheve
r&lalodtGonsr 8FBI BSF Filc PedVReIMRI2RE t6t BE€characterised. It

ig believed that a similar hypervalency occurs in the
process of the present invention, although the hypervalent
silicon may revert to a tetravalent silicon following
microwave treatment. It is surprising that, irrespective of
whether or not the silicon remains in a hypervalent state
following the microwave treatment, a more organised
arrangement of silicon-containing compounds 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 doneor 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 pentaccordinate or
hexacoordinate system. The electromagnetic excitation
within the siloxane induces specific conformations within
the new species, 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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followi ng the mcrowave treatnent, a nore organi sed
arrangenent of silicon-containing conmpounds on the
surface of the substrate is observed. 15 Si-OR
excitation via electromagnetic radiation in the
WPEALTDf an appropriate el ectron donor fadiqlY¢BAIRL003440
the cleavage of the Si-OR bond and is believed to

i nduce the formation of hyperval ent siloxane species
with available electron dofors. The el ectron donor

for, this exchange can 20 take the formof virtually

any nucl eophile, |nduced nucleophi%g, ucl, eophilic .
thegMeRTigr Ofei BOLYRRE ATk chadds f ﬁfﬁ%é?@@ ¥t physical
PR ebS oENBRet BOVENr 1 & LM e .l elBXsi PhOnbh&hdn is
ground state, at which tine the silane species is

nodt tgoperdtnaecedependartt £ he hyper coordi nated 25 product
is stable, the silane product can remain in the
hyperval ent state as either a pentacoordinate or

hexaaber dichabd s§sSteenpriveral delveatdgnetiveidxcthatnesd to
wi thin the sil oxane.i nduces gﬁscific confornmati ons

WHe T iVERETRewF3pREYES Al GPNVERG4OPaLi REFLAd RIFATRFSeS -

THIRC khiege28rar ganbeat tigh dt't dchhen@SbiENgqgt akgeof the
new y formed species. If the substrate is a polyner,
funetdpagilitéesor gBar z2ammlcof FlyeisiokyceANEaRR NG| figl BRne

0. Q% 775 / 003440 .
TR RV ARE Pont S PR o2 REHARLS: 0P R ot
gillfisiotalconpadpenygi esmpuridie 4 pretedasdenbohes die s
phenqQnenon i.s_. ,not tenperature depepdapt. 5 The nethod
BETBHE pPesORL PRSI AR ARG s Fon@TREEIORE TaE vish o
Atlacnaa0ks 1 ie8habyst Sl GbeHaicanal curing

processes. This therefore allows the attachnent of
"delicate'

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 frequency 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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functionalities. For exanple, glycidoxy containing
sil oxane and acryl ate containing siloxanes are
exanpl es of delicate 10 silicon containing conmpounds
and proteins/enzynmes are. exanples of delicate

. WORYOHEE, to which one may wish to attach BCT/GB2006/003440

silicon- containing substrate. Preferably, the

m crowaves are produced using a power 15 rating of 650
Watts or less, nore preferdbly of from65 to 650
Watts. The microwaves may be produced using a power
rati.ng of from 135 to 400 Watts. 20 Preferably, the
foldrwrdvey hap@ripdnﬁhu@ﬂ@yacﬁohroﬁ1Dreferabhu)ZJ%P 30

nor e .pref er abl f.r.om GHz. To red

FR58ARy hGES AR I TAP I sy, BeEPRA S oo Lo SrRp LY 10
s@@ﬂ&ﬁaundsn@n@lp@iomllycafe@e&uaﬁgr ehes, pﬁdﬂ@eﬁ dBreftezb as
of the fO||0MAng may used; Irradiation at a reduced

reaidrefeveft hey lee@ahﬁ%n#‘ EPBhmy EST PPN CRRIMBRYTKF a

cB%’E&niﬁg' B9 sPio 4R0 MMRL t $195 Eﬁsﬁor@:@éﬁé%&% ¥
Watts or~| ess, or subjectln € Substrate and

mph:pyewrewmiaamcwg uimrp@m&neg t' delitatehalend ryor ldttiies

el axation omc e30|ra|at|
I hRERIRE e tad B SPeCdg) BOBIBoy O dghieved
mlthadta&egﬁa@itmxefcm &Mey obhe® 30neetondbitigy e This is
preferably 10 to 20 seconds, nost preferably 15
a§e&6‘ﬁ€§“'@@%0@’ﬁ”€)§f¢7 PIPCY @psody/ Yhsahgheating of

l:eiﬁleéoﬁuaénf’&% &Qnﬁ?ﬂ‘u:{a% FHat P@Ql@&s PEST SraRly t%etrrP to a

seconds, nore preferably 5 to 15 seconds, nost

Splbeteaabl yallole@cécfmdhgradatdpm ofiathg debmueng th| s
as_been fo

f
PEREERR 85 0LL ol Fhe TRl cohl A 80 RN QUKL | Wtce

ther Rea€nséefriifed o Ml=earhe BadDabbaa maéum:hﬁrent to

"delicate' functionalities
degrade the delicate functlonalltles

The microwaves can be directed at particular portioms
of Ehe 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
conditions 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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and therefore cleavage of the Si-O bond may be achi eved
W t hout degradation of the other functionalities. This

is an inmprovenent over the prior art in which heating

of 10 silicon-containing conpounds for periods to

 OHNHBYRem to a substrate can | ead to degr Z§A{GEI06HP3440

the delicate functionalities in the silicon-containing
nol ecul es, since the heat_ pequired to cleave the Si-O
bond is sufficient to degrade the delicate
functionalities. 15 The m crowaves can be directed at
particul ar portions _ of the substrate and therefqﬁ%

1SACHRS - f of PP R DREAL 1AV PeatPYERNER PRS-
mate2DdeNREY Séméfﬁéé%'ﬂfﬁ%@sﬁ%@Shh&HESﬂ af@) PO UhEs: it
for reactions that can be initiated that would 20 not
Mesepdsdi bl eThei Ayntheldia imatrsr irdt MaYsCOMREL §r eseffven or
rfo?]t‘&;%(}%h"@aﬂéﬁc beeledaung £ 908 far BBt e{lou?fiﬁﬁ{ &f i
attaching si g unds

I con-contai i ng conpb 0 @ substrate

' falrfiasewhenpan ethé andtreadiatli aaalprivebodse sorhmase 25 the

heati ng and using activators - _nore than B0%.of the
L oS Lo SPR o DR SV AER - DHORL T aLPRE R on

peAlbahdlef8NAbS1 PRonFI-HIRG- 19!, f B6evYshplatl &6hdet hod of
the present 1nvention. 30 The SubStrate may conprise a
pedtviaylamieei and phkyunest.erial may be a cloth
material. The naterial nmay conprise one or nore
materials selected fromcotton, wol and WO 2007/ 031775
PCT/ CB20B6H8O84%E may Iie ireathikeformhefnpaetialesmay e
woyen.or non-woven. The naterigl naﬁ conprises fibres
&PPat?

P3F SASLGFaPaRnlr YT 3yIATStSE Ofa ety ht Tt i ¢
preireir-hBl y My o COHPLd GE rdn.. WOVen or

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
gubstrate 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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nonwoven fabric material to include, but not limted to

5 fabrics wherein the nmaterial conprises one or nore of
the follow ng; cotton, polyester, nylon, wool,

| eat her, rayon, polyethylene, polyvinylchloride,
WQIZWI%VV%I cohol, pol yvinyl ami ne and pol yur CT/GRRO0G/ {93440
substrate nmay be in the formof particles. The

particles may have a dianmeter of from1l0 nmto 1 nm
preferably 100 to 1000 nm 1¥he substrate may conprise a
netal oxide. The netal 15 oxide may be selected from
one or nore of alum nium oxide, titanium dioxide,

perayatby lenexi pel yeiandiavhosidee, peivveenlalrehdde and
[ QX h g .y conprise a natura
pépﬁgﬁgyigﬁﬁggz%néjgﬁtrate may conprise one or nore

materials sel ected from kaolinite, barasym silica,
nnntngrlllonlte verm cu te.and quartz. The

subst ﬁtEHHEEITEF;ﬂﬁﬁb&§m@¥ﬁéesab§?¥§% FE3E25 conpri se

a nol ecul ar sieve. The substrate may conprise a
zeolite. The substrate may conprise a polynmer. The
poIyﬁﬁrthﬁyflb%t|¢9tqhénﬁoﬁﬁp@ﬂta pbroie pEgsent mmention,

u se I I
Dl
ancbheiterTh@y#ubstﬂ&nanmaYWBaﬂaOZh031aaﬁol on its surface.

CT/ (3B2006/ 003440 - ql yet hyl ene, .

THE| 9 PRYPOTTRY | GIPTISE i AL cBHOE. 1% ey TigHiRd
daed , pekydreaioihe Tﬂgﬁaﬂdﬂﬂ%lnﬁﬁycﬂépéé§@c@bd from one or
carbohydrate 5
more of an alkyl diol, preferably a C; to Czs alkyl diol, an
alkyl triol, preferably a Ci to Uzs alkyl triol and a phenyl
diol, preferably a vicinal phenyl diol. Each hydroxyl group
in the triol is preferably vicinal to one of the other
hydroxyl groups. The alcohol may be selected from catechol,

ethylene glycecl 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 subseguently 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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In the first to third aspects of the present invention,
an al cohol may be present. The substrate may conpri se

an al cohol. The substrate nay have an al cohol on its
surface. The al cohol may conprise a diol, which nmay be
WORZ03FS 10 diol, or a triol. The al cohol nERETHEEB2006/003440
sel ected fromone or nore of an alkyl diol, preferably
a C to C25 alkyl diol, an alkyl triol, preferably a

C3 to C25 alkyl triol and &%phenyl diol, preferably a
vicinal phenyl diol. Each hydroxyl group in the trio

is preferably vicinal to one of the other 15 hydroxyl

gr ouBsl 1dhing| wodaslingay hbe subbbraeel Wittm s deleigenating

et hyl ene gl ycol qr glycerol...The sybstrat i se
agenf | | tha sl nat s de¥qbedrifta ,ﬁé%c%“a%?gtrg"‘} e 1P be
dslibfcey &ippdiiey tIrRNGubabdast! t6da tefpdhwum kRad 20 C or
the present invention may involve; contacting the

mRGBst PEEECTRRYY BXI0 PEoRCEENt BPEE neretrihd =S for a
paeibaCt bRty Anexpesiafithe OMPOUMIS: [k moze,
el ectromagnet1C radirati on having a frequency of from
poegerablp BChda@iisy candiogebsequently treating the
substrate with a hal ogenating substance. The
silicon-containing conpound preferably conprises
3( 3- Thé ephearsd | Mvienepvh) wbl - nw neé hyl hydandteia withe
hal ogenati ng substance may conprise_ a chlorinating
refipteane cto i s JAldgwingt nABr L Pk ¢ EXYRLSD bl eachi ng
agent, for exanple a hypochlorite such as sodi um
hypochl orite. WD 2007/031775 PCT/ GB2006/ 003440 - 14
Fol l owi ng treating the substrate with the hal ogenating
agent, the substrate may be dried. The substrate nay be
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dried by exposing the substrate to a tenperature of 20C
or nore, preferably 30C or nore, nore preferably 35C
for a 5 period including, but not Iimted to, 1 hour or

eferably 4 hours or nore. The present

WH\F@‘H{@@’HSW Il now be illustrated with referRGTEBABE/003440
the following non-limted Exanples. 10 WO 2007/031775
PCT/ GB2006/ 003440 15 Exanples Exanple 1 5 Separate
swat ches of cotton were €adR treated with a solution
contai ning one of: 1. [3- (trlnethoxy3|lyl)propy|]

oct adecyl di net hyl ammoni um chl ori de, 10

3( 3- ExampRerysi | yl propyl ) -5, 5- dlnethylhydant0|n, 3.
potassiumtrinmethyl silanolate, 4. triisopropylsilanol,
5. met hoxydi net hyl octyl sil ane, 6. hydroxy term nated
pol y @Eaipileybsi | oxane), 15 7.

(3-chl oropropyl )triethoxysil ane, 8.

(3-chl oropropyl ) di net hoxynet hyl si | ane, 9.
OCta@%g&&%%é”ﬁ&g@éﬂéél&f'é%tﬁgﬁ were each treated with a
3-am nopropyl triethoxysi | ane, .

B lutdiome thokpsnling ) gropd net hacryl ate, 20 12.
N-[3-(trinmethoxysilyl)propyl]-ethyl enedi am ne, and 13.
3-gl yci doxypropyl tri met hoxysil ane. Each sol ution

containeq3aqe&9m§th@hh@mgh4§ﬁ@ hanol . 25 Each
swatch of cotton was then irradiated at a

octadecyldimethylammonium chlorlde

2. 3{3-triethoxysilylpropyl) -5,5-dimethylhydantoin,
potassium trimethylsilanclate,
triisopropylsilanol,
methoxydimethyloctylsilane,
hydroxy terminated poly(dimethylsiloxane),
(3-chloropropyl)triethoxysilane,
{3-chloropropyl)dimethoxymethylsilane,

octadecyltrimethoxysilane,

HF W o -] & ;W

0. 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 pericd 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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frequency between 0.30-30 GHz for a period of tine
dependant on the properties of the silicon containing
conmpound that was attached. Al experinments were
erformed initially at 2.45 Gz, with power |evel
'gelzwfwrw ed depending on the 30 nature of tRETABA0HWHI0
functional group. In general, the procedure was first
attenpted at full power for full two cycl es of the
foll owi ng program 30s 56%@ower (325 Watts), WO
2007/ 031775 PCT/ GB2006/ 003440 - 16 30s rel axation
(magnetron di sengaged), 30s 50% power, 30s relaxation,
3368r&D&b%t§mWBrcma@jdemWohOdiﬁéhg&@edel’BOEi e patware, 30s
then repeat_cycle. If the procedure "cracked" the

reéarabitR, 14er A% BV SH-%Y‘E £ PN F DI | evel 5

tURHEr £ OEHC e 1RGE YeNeRG! ¥yHiEL | {he i QoeshEine 8lc3@ekeq”
the desired resul The  sanpl es were then washed,

thenseact anis ,oug‘ﬂary taed igraddabien i ie and FBVEC, level
0
wikt achgeot de% acéfredfhg' C%ﬁf:ﬁ?”’:ﬁ‘é %”&e&ﬂ%" %%51&@?5 ttﬁé

confirne era i ACrease Tn wei
debbrhd(fééukﬁunﬂmha sa&plaschangethentW&shﬂﬂﬁnnmﬂsed

characteristjics of the cloth aII 3. biocidal efficacy
tBprovghly ae‘h@é%F%HVSrPQQQEn%Fe% sfee below), 4. FTIR

spectroscopy (all), S. elenental analysis (all), and 6.
15 ionic strength of the-product in distilled,
dei oﬁh@e@tmhﬂent( &) ):hecsﬁaéiggnwgntfam@mqmp@unsl91was

HHELRARIRY L S 1. 7OMPEERERS 1 IR LESREG Jddchte /R

cﬂ:@ﬁno(mm r@ampﬂmmrl e aast:h;hgettuerthezl];bwmlcalor
gllanolate . The proceii morks for , si] I et hers,

RFaRoPE einiFaiatatieacdothakal 8) / by Rinfifpl 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



10

15

20

25

30

t he frequency and power |evel, the nethod can be
tailored to avoid degradation of wth other
functionalities within the 25 system and 4. the
‘ﬁrocess wor ks on cotton. Exanple 2 100 ng sanpl es of
8Y31785 bohermite (300 nm from 30 Sasol) werBCT/GRA06493440
with one of the follow ng solutions of: 1.
[3-(trinmethoxysilyl)propyl]- octadecyl di net hyl anmoni um
chl ori de WD 2007/ 031775 PC¥GB2006/ 003440 - 17 2.
3(3-triethoxysilylpropyl)-5,5-dinethyl hydantoin, 3.
potassi um trinet hyl sil anol ate, 4. trllsoprquIS|Iano
5. mBt haxydtnbetyoxyaiidinrapy] ) 5565 - #jme byl hedantrdred

I d |
P e B kag] ol eyl ai1anolgte,
(3- chloreai@g@ﬁj@by&ﬁﬂﬂuﬁwuethyIsiIane, 9.

oct adecyl trj net hoxysi |l .ane,
3- an?nopW@E?P¥Y@%ﬂ@ﬁB&kQQE%%§l1?6611

3- (t%'nEhQQf%ﬁylﬂ%9ﬁ¥ﬂﬁﬁéd“§aa§QEXh@Eﬁylégloxane)

N-[3-(tritethoxysilyl)propyl|-ethylenediam ne, and 13.
3- gIVGlddiyphb@w¢mr¢pﬁiﬂthﬁ§hbaﬁe11&3@h sol uti on

Cont 8 neds 06 QLR 80+ AR5 0050 EL0R0R o d > and

nethaﬁol I"S*appr oxi ma 1 mol .

To this &ctaﬁaéyxﬁrimduﬂﬁﬂyalaanéox|nately 0.1 mmol of
silane dissolved in _approximtely 0.5-1.0 nL of
acet ofle WASARHARRECRHIE AGTHOXYSEAanehe MA of

3(3 bR, et§Q§¥§irhé(ll.tﬁ5}%@i])y1§p@op?iﬁ‘@ﬁﬁéf&:wg@% oinis
332, so si'l ané was di ssol
‘12, N- [3- (trlmethoxy51lyl)propy1] ethylenediamine, and

13, 3-glycidoxypropyltrimethoxysilane.

ERach solution contained one or more of acetone, ethanol

and methanol.

100 mg of bohemite ig 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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in 1 nL. For the reactions above,.the procedure was
scaled wup to full nolar scale. Surprisingly, the
"batch" scale actually worked nuch better than this
smal |l scale 25 experinment, i.e.. a higher and better
VOGBS at t achment  of the silicon on the bRtRGBI006/003440
was observed. The sanples were then irradiated at a-
frequency between 0.30-30 GHz for a period of tine
dependi ng on the propertire$8 30 of the silyl ether,
silanol ate or silanol that was attached. The
irradi ati on procedure described in Exanple 1 above was
igceedoldhet kampl emdwrhent hetdceaghed shtfactantvamltaining
amount of. WO 2007/ 031775 PCT/-GB2Q06/ 003440 - 18 i
Wa5PY’ eFRANSITRIRE tH7E T eerwﬁgsm%c“(aaﬁﬁt ctamrém?ﬁy

aWat 8k efhsv S akenget ken rinsed with water
t horoughly and dried overnight at 35 C. 5 The

attachnment of the silicon-containing conmpounds was

conf ity e a1 .a e _i.n.th i cal

char SRPotE¥cnrent o7 'RI4C 5i 11 BAR- BRI comppunds was

cbh@diraadl Bffi cacy sofchahege tiheahedphgabEsl tdledesctedistics
anples, in particular: solutions, 1 ,and 2),, 4. FTIR

C%pggﬁr 5§%b9£ @Atparticdegnedr al gt} S qaayn P the

t?eat@ﬁ'ﬁaﬁ&ﬁé%Eﬁéléy:(bh%a%bQQEQtihn?gfﬁiéﬁié¥¥ so;ut%ons 1

ei oni zed water (all). Ceonclusions Trom Exanple 2:
anfe2ps otessFTR smasdpesicopy Welh) r eSpecelamentad tapsd yois

f tiognal ity, th 1 a nd the, .

(GIR7 ot oht oty e epnnaot Ehe TRl b iavesy
detibaneéd watedt | @ld)ate; 2. by tuning the frequency and
power |evel, the process can be tailored not to
interfere with other functionalities within the

SYSt @Bhc 28 chs TP EXa8DI Wk ks Vel thonpRONad tigs
nonspecific with respect to the type of functionality that
can be attached, and the silicon-containing compounds can
include a silyl ether, silanol, or silanolate; 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) propyl] ~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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20 Exanple 3 Two sanpl es of each of the substrates

listed below were treated with either a solution of [3

25 (trimethoxysilyl)propyl)-octadecyl di met hyl ammoni um

lLoride or a solution of

‘gf’go‘{?W’éﬁmxym |yl propyl)-5,5- di met hyl hydantBST/eB2p§fQ03440

substrate sanples were: 1. Cotton, 2. alum num 30 °

oxi de, 3. titaniumdioxide, 4. glass, S. nylon, 6.
kaolinite, 7. barasym 8. &PITcon di oxi de, 9. wool, 10.
| eather, 11. silica, 12. nolecul ar sieves, 13. WO

2007/ 031775 PCT/ GB2006/ 003440 - 19 nnntnnrlllonlte

mpmtmewiiy Lt hanel 5 16 pamyeshangl y 6k, etil'rylﬂliﬁe/ae]rmol
8. 2 v

1% %??88?8%2 % Zéégégﬁél ds. Eégkanolan1ne 5 The

vsamnbailmerezlrrehbhﬁmmtan 23 fpeqyeatyrbet%ben 0. 30- 30

tGkE %%é i gerlod of time, all dependant on the
MiEFGRRe2 b5 bi ng properties of the substrate. The

i rradiation procedure described in Exanple 1 above was
used. 10 The sanples were then washed, rinsed

t hor BBEhEsMakeE dre%sl 1xpadintersk agt a3bpequentie Refines
t @2t edaiul, (

0.5% t th
trle? oxyS|F ? g il 30159§ &lnethyﬂﬁyggﬁ?%?% ﬁ%ﬁe al so
ndhabgaﬂemabhorhimgepﬂqgﬁnﬂﬂamwafethéosgbﬂEran@ t Héhe

.chl ,ne) and ai n, washed,. rinsed a ried. 15 The
iSte R ARLAR BRocediEs (e IEs, AP ERGUEbHpb RS gras taed.
The samples were then washed, rinsed thoroughly and dried
overnight at 35° C. The samples treated with 3(3-
triethoxysilylpropyl) -5, 5-dimethylhydantoin) were also
charged with dilute hypochlorite {to generate the

chloramine) and again washed, rinsed and dried.

The attachment of the silicon—c&ntaining 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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each substrate was confirned by; 1. a change in the
physi cal characteristics of the treated sanples (all),
2. biocidal efficacy of the treated 20 sanples (al
solid sanples), 3. oxidation of iodide to el enental
WVOHHO3E ngmm es treated with 3(3- PCT/GB2006/003440
triethoxysilyl propyl)-5,5-dinethyl hydantoin), 4. FTIR
spectroscopy (all), 5. ionic strength of the product in
distilled, deionized watérfari), 6. HNVR (2 sanpl es:
those 25 treated with Triethanol am ne-hydantoin sil ane
and_cat echol - hydantoin silane]), 7. GCVB (3 sanpl es:
levede theaprereds iramn Pectpslongdanebi P sitegrfere with

S n . ol

ofbaE PN AR ARG o h8 e B, DG e |
ithadpabeésma&eﬁjahandre'ﬁdstanyt$ybdiff&renﬂuﬂramnuha ns
an a ro rlate S nd 2. by
Bl RLE eh?qfeqﬁre%?@f(yaer&raaa& R A

PCT/ GB2006/ 003440 - | evel , the process can be
tailored not to |nterfere with other functionalities
wi t hEXaPRe s¥ystem and 3. the irradiated materials are
distinctly different fromthe equivalent heat treated
version (from HNMR and GCM5) 5 Exanple 4 Six swatches
of 50ikOswytwre<cift GO :Gl0onyluar ectlach clbtdpedmneadhne

known_sol ution of 3(

dﬁPP@?hBQ?SF+®?b?bﬁ?ﬂ?“%"%s8iHﬁﬁﬂ9lﬂgdﬁﬁ%0|n The first

ti&bth@iy!ablfﬁpﬁ&ﬁflc)hEsgmﬂ'ﬁégilgllﬁydiéﬁ@@ix@t edrid fArst set
frequency tween 0. 30- for a period of tine as

ofe5BE PPV BanH g3 HepEe iTradhpked | asta sare@ency
b%@wBESSoW?é-iéﬁﬂsz for a period of time as described 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 B80% 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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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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15 version. The irradiati on process produces a product
that is a nore efficient sporicide than the heat cured
process. - 22 - Cains: 1. A nethod for the chem ca
attachnment of one or nore silicon-containing conpounds
to a substrate, the method 5 conprising: providing one
or nore silicon-containing conpounds selected from
si | oxane conpounds, sil anhat2 conpounds, silyl ether
conmpounds, sil anol ate conpounds, hal osil ane conpounds,
sil atrane conpounds, and sil azane conpounds; 10
c1SPpLacting one or nore of the silicon-containing
——conpounds with a surface of a substrate havi ng one or
nore nucl eophilic S|tes t hereon; and exposing the

silicon-contai nin ounds and the surface to
1. eIe%tW%%%@ﬁe??E |2 %l%P %hc%%vﬁ%ﬁa%h$?%ﬁu%ﬁc9n?r%ﬁ1m?Be

P O33Rk & 0 £ £

Sls}??%on$@0%¥%%%¥ﬂ§5§g%%%ﬁndgg e%%ﬁ%EC tnica?? method

compt detwgl: t o t he surface of the substrate. 2. A nmet hod
as claiped in claim1 whereipn the siligcopn 20 containi ng

coh%%%ﬁﬁ@l%ﬂt%Eﬁeﬂrt%°¥ﬁe5§%ﬁ§??a?%nE?%%%%gaﬁomB?P%9son

r 0 me
B R s R St R e e e A
ethenpoumpoundprlsnkaaotaUQOGQMpoﬁndhﬁ B5léoi haha to&ﬁaunds,

RIO)m Si - RA)P formula | - 23
silatrane c¢o po&ndé gnd silazane compounds ;

contacting one or more of the silicon-containing
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,
whereby the one or more silicon-containing compounds

become chemically attached to the surface of the substrate.

2, A method as claimed in claim 1 wherein the silicon-
containing compounds attached to the substrate create an

array on the surface of the substrate.

3. A method as claimed in c¢laim 1 or claim 2, wherein the
silicon-containing compound comprises a compound of the

formula I

ghh
(Rl O)m_' S‘I— (R3)0
Re)p

formula I



e —
or a polymer having repeating units of formula I,
whi ch may be term nated by hydrogen or an al kyl group
at one or both ends of the polyner chain, (RR)n Si-O
(R3)P X formula Il 5 wherein RL is hydrogen or an
alkyl and mis 1 to 3; R2, R3 and R4 are each
i ndependently selected from al kyl, alkylglycidoxy,
al kyl am no, am noal kyl, acrylate, al kyl hydantoi n,
al kyl acryl ate and al kyl al kene; 10 and n, m o and p,

ol arheh PRLERaR hal M PEheRTAT iateg *og "tdFHRR PE. 1

whbeh An&gt Bedt @smehat s@dby nhﬁdmbgreﬂ, ovhgnealkRL gsocdp &t one
or a C2 alkyl such as nethyl or ethyl. 6. A nethod as

or chatheands ggytbﬁep@:?-%ﬁﬁi agngo 5, wherein mis 3.
20 7._A nethod as clained in any one of clains 3 to 6,

iGh heg silicon-containing conpound is a conpound

ar i I, wherein mis 3, nis 1 and o and p are

bot i—ROQ-++ s hydrogen, nethyl or ethyl. 25 8. A

nmet h d'aﬁ) lainmed in any one of clains 3 to 7, wherein
R2, d/jor R4 is of the formula Ill - 24 -(CH2)y-R5
for a llHy

formula II

wherein R; is hydrogen or an alkyl and m is 1 to 3;

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

and n, m, ¢ and p, are 0 to 3, providing that m+n+o+p=4

4, A method as claimed in ¢laim 3, wherein R; is a C; to Cg
alkyl.
5. A method as claimed in claim 4, wherein R; is a C, or a

C; alkyl such as methyl or ethyl.

6. A method as claimed in any one of claims 3 to 5,

wherein m is 3.

7. A method as claimed in any one of c¢laims 3 to 6,
wherein the silicon-c¢ontaining 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.

8, A method as claimed in any one of claims 3 to 7,

wherein R,;, R; and/or Ry is of the formula III
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wherein Yis 1 to 5 Rs is selected from hydrogen,

hal ogen, NH2, Cl to C18 5 alkyl, Cl to C19

al kyl di nmet hyl anmoni um al kyl et hacr yat e,

5, 5-di al kyl hydant oi n, al kyl enedi am ne, perfl uoroal kyl,
and 3-glycidoxy. 9. A nethod as clainmed in claimS8,
wherein Y is 3. 10 10. Aggthod as clainmed in claim8
or claim9, wherein RS is selected fromethyl or
propyl met hacryl ate, 5,5- dinethyl hydantoi n,

et hyl di am ne or perfluorooctyl. 15 11. A netphod a
cIaTH@%SdF Pm 1 or claim2, wherein the one orPﬂﬁ?gfa TiI
silicon-containing conpounds are selected from]|[ 3-
(trimethoxysilyl)propyl]-octadecyl di met hyl ammoni um
chldhé¢dgein ¥ is 1 to 5,

3(3:tr.iethaxysilylpropyl)-5,5-di nethyl hyd (o]

ot B A AERSS R AT vl AR o< Rane, o
alkPl hory didret, Dyd PRY Y& Shé BREL atiiehh DX, t £1KY Maé€Racryate,

pol y(di net hyl si | oxane),
5, $3dcalky bpydantoini eahbxyenedhanine, perfluoroalkyl, and

- chl or opr opyl ) di net hoxynet hyl si | ane,

3"%@¥%ﬂ%%§¥trinethoxysilane,

3-am nopropyl tri et hoxysil ane, 3-

(trinmethoxysilyl)propyl nethacrylate, N[3 25
9. (trinmerlorysasyrlpiogdl Inechyimnddi Wheneinakdis-3.

gl yci doxypropyl tri nmet hoxysi | ane, 1H, 1H, 2H, 2H perf

| uorodecyl tri met hoxysilane. 12. A nethod as clainmed in

10¢! ahMddhodhgs et NaifedoNf €1aimM0sNBf €claim 9, wherein Rs
silicon-containing conpound are selected from /[ 3-

is(seleetadxfsenyerpy bpot| poeprtpe yhacmetaye anhohi um
,ch i d. , .
aiSeLRY GaaBllin,  erpylePsaianing oF BFREMIATSPREYL - 25

13. A nmethod as clained in any one of the preceding
cl ai ns,
11. A method as claimed claim 1 or claim 2, wherein the cne

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

perfluorodecyltrimethoxysilane.

12. A method as claimed in claim 11, wherein the one or
more silicon-containing compound are selected from [3-
(trimethoxysilyl) propyl] -octadecyldimethylammonium chloride
and 3(3-triethoxysilylpropyl)-5,5-dimethylhydantoin.
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wherein the nucleophilic sites conprise one or nore
nucl eophilic groups containing one or nore of 0, S and
N. 514. A nethod as claimed in any one of the
preceding clainms, wherein the substrate conprises a
woven or nonwoven fabric material. 10 15. A nethod as
claimed in claiml4, where:nh the fabric material is
sel ected fromone or nore of cotton, polyester, nylon,
wool , | eather, rayon, polyethylene, polyvinylchloride,
pol yvi nyl al cohol , pol yvinyl ami ne and polyurea. 15 16.
A nethod as clainmed in any one of clains 1 to 13,

wh : . . _
13 L OPLEEQE ST MR She M Mnd e GRS Xains,
whand ion, theaaluail deph b @syim ess i dongmni s @naeyr swdrea, 20
| ecul ar sieves, nontnprjllonite, polyurethane
NUGHSRRREHELC XIS HPBAIHING GRe HolMCLR R (@&, S and N.
vermculite, and bohemte. 17. A nmethod as clained in
any one of the preceding clains, 25 the nethod
14 corpmesilnod contatd imed tire ssubsdnatef hd HSeeding claims,

triethoxysilyl pro '%é%’ 5-di net hyl hydant oi n, exposi ng,
WhYTRIT (i HHRRL TR S RIOhERF R i ORI i NHRNA T gE abTic
matdegiency of from0.3 to 30 Gz, and subsequently
treating the substrate wth a hal ogenati ng substance.
30 18. A substrate having silicon-containing conpounds
chenic%;hy attgfhed 0., a surface thereof, wherein the -
15, method as claimed in claim 14, wherein the fabric
material is selected from one or more of cotton, polyester,
nylon, wool, leather, rayon, polyethylene,
polyvinylchloride, polyvinylalcochel, polyvinylamine and

polyurea.

16. A method as claimed in any one of claims 1 to 13,
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

bochemite.

17. A method as claimed in any one of the preceding claims,
the method c¢omprising 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.

18. A substrate having silicon-containing compounds

chemically attached to a surface thereof, wherein the



silicon-containing conpounds are attached and organi sed
into an array on the surface by the nethod as defi ned
in any one of clainms 2 to 17. 5 19. The substrate of
claim 18, wherein the silicon- containing conmpound has
been regi osel ectively attached to the surface of the
substrate. - 26 -

silicon-containing compounds are attached and organised into
an array on the surface by the method as defined in any one

of claims 2 to 17.

19. The substrate of claim 18, wherein the silicon-
containing compound has been regioselectively attached to

the surface of the substrate.



