|  CONTROL OF MORPHOLOGY OF SILICA FILMS FIELD OF

I NVENTI ON This invention relates to silica filns and
silica-like films, a nethod of 5 production thereof
and the use of the filns as anti-reflective and/or
anti- fogging and/or protective coatings. In
particul ar the invention relatei control of

nor phol ogy of silica filnms and silica-like filns.
BACKGROUND 10 The inventors have previously invented

a silica fil mOGNTROLGF MORPAGMOGTYRSIABR0HE MS
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and/ BACKGRE@UND del am nati on. The follow ng prior art
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complex, multi-step processes which are costly, involve high temperature

andf/or pressure steps in fabrication, andfor require a surfactant for

20 templating. The films produced by these éol-ge[ processes are typically easy

to damage and/or liable to delamination.

The following prior art documents are but a few examples of methads
used to produce low refractive index films made from silica.

A number of prior art processes based on known sol-gel technology

25 were described in our earlier application. In addition to those previously
discussed, reference may also be had to United States patent number
4652467. This patent describes a process of depositing a thin film on a
substrate from a non-gelled solution made from alcohol and various
hydrolysable metal alkoxides, such as TEQS. The described process aims to



heating to formthe film US 5,698,266 is directed to
a nodification of the standard sol-gel 5 nethod of
formng an anti-reflective coating by mxing ethanol,
tetraet hoxysil ane (TEOCS) and ammoni a and hydrol ysi ng
for up to 48 hours to forma colloidal silicon oxide
suspensi on dispersed in an aliphatic alcohol. The
silica sol is then filtered to ®btain silica particles
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porous coating. In summary, the method uses an ammonia vapour step fo
improve adhesion and mechanical strength of the resultant film, but relies in
the main part upon conventional sol-gel methods to produce the coating at
room temperature and pressure. The preparation of suitable starting

25 materials containing two Si-H groups is difficult, which limits the usefulness

of the technique.

None of the known techniques use simple processing steps to
produce films with controlled morphology, such as porosity and pore size.



5 producing a precursor fornulation by adding to a

sol vent an hydrol ysable silicate oligonmer of the
form X | X Si-0 X X n where each X is independently
sel ected froma range of hydrol ysable or

non- hydrol ysabl e groups with the proviso that at

| east three X nust be hydrol ysabl e groups; 10 form ng
a coating of the precursor-forﬁ%lation on the
substrate; and then curing the coating by hydrol ysing
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that "conprrses a base, water and a retarder, said
retarder 'irfbﬁé eHri aﬁ%@ugﬁﬂ E%bﬁ S‘nfot BQ?hé‘}sﬁMHrXﬁ@éé. cFthe
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groups, and each X is a - hygr ol ysabl e group

i ndependent |y sel ect ed 5 from a range of

non- hydr ol ysabl e groupsx Ft@lly the nmethod further
i ncludes the step of norpghbl ogy control of the film
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base, the 4 ret e in.the vapour pus
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solvent to control pore size and selecting t
concent r afaashtheee X must be hydrolysable groups;

10 forming a coating of the precursor formulation on the substrate;
and then curing the coating by hydrolysing and condensing the coating in
a vapourous environment that comprises a base, water and a retarder,
said retarder retarding hydrolysis of the hydrolysable silicate oligomer.

Suitably the step of curing may include the steps of:
15 placing the coated substrate in a chamber with the retarder vapour; and
subsequently introducing water and a base into the chamber.

The hydrolysable silicate oligomer is suitably derivable from a
molecular precursor of the form
XmSi{OR)y,
20 where n= 3 or 4,
m= 4-n,
each R is independently selected from a range of
hydrolysable groups, and
each X is a non-hydrolysable group independently selected
25 from a range of non-hydrolysable groups.

Suitably the method further includes the step of morphology control
of the film by controlling respective partial pressures of the base, the



sol vent and/or retarder to control pore density. 5 The
coating step is suitadbly performed by spin coating or
dip coating. The nethod may further include the step
of allowing the coating to settle before curing. It
wi ||l be appreciated that the precursor is liquid
during the coating step (befo‘ﬁ curing) and
preferably at neutral pH, so the nethod does not C 10
follo Hye co entlonal sol - rocess described in

t he ,5? 2nd the wajglin the.va fﬁlé eRWResRtt ed that the

sible fo contr ol

vapor ous VIrO I, resp
the rat esefg Eﬁmﬂi@ciaﬁ% aﬁglﬂlg;e@ﬁa@ﬁ SHQMﬁOPWOIthEhe film by
post se%eﬁﬁ%trféﬂsohﬁé ) cél‘i’trélrp%?é §.zalaggm§rm5%e &b n%atlon of

Ccro |ne [1ca or sil net wor
SUI tablvynt a@dlpbteéardez@ ernfrabporetiensiy. t o t he size of
t he solvent npolecule. The solvent content in the
&r ecur sor Thelcasting steptit suibadly padagned by apinctoaiing oatio

envi EoRIER: e Bl Hitn G IRbaRP steB A AR PadfE spatng

near to eettletbafigrercatinge and 20 at nospheric pressure.
Anot her form of the invention provides a nethod of

f or m ng alt vl %Lumeméwdnmlaatﬁenpredumdr@qungdtdnmngttﬁ@%oatmg
an h abl e icate

For motendbBGte oHFnD) 26 ArafREably BERPLUR] L RA e SHRIBR ges not

105¢el egdIRRY fHeOdBrive s sef- @I%rh?éé’é@&é/&@lbbé iPthe prior art. It will be
non- hydr ol ysabl e groups vv|t the proviso that at

| easfurhareapxesiatad 5]@131119@9 OAPSERSe eg]’mm'ﬁentS is \fpspengible for
sol V‘E:Bﬁtro“u?%ﬂie r#feg%?ﬁyéreggis atnt']%oy%ﬁﬂ@ﬁs%ﬂ?ﬁ ﬁ'ﬁhg Bostdpdsited

precursor
hydr il stabdreatsi a haserorous @aﬂe{e, btghtmos@imked SIIlca or silica-like

network.

15 Suitably the pore size may be related to the size of the solvent
molecule. The solvent content in the precursor relates to the pore density
which may also be related to the retarder content in the ammoniacal

environment.

The method is suitably carried out at or near room temperature and

20 atmospheric pressure.

Another form of the invention provides a method of forming a
precursor formulation, including the steps of:
mixing an hydrolysable siticate oligomer of the form:

where each X is independently selected from a range of
25 hydrolysable or non-hydrolysable groups with the proviso that at
least three X must be hydrolysable groups;



20

X Xsi-OX1 Xin 5 where each X is independently
sel ected froma range of C hydrol ysable or

non- hydrol ysabl e groups with the proviso that at

| east three X nust be hydrol ysabl e groups; about

0. 2-100 parts al cohol; and about 0.01-1 part water.
10 In a still further formthe d nvention resides in a
filmhaving a refractive indexX between 1.1 and 1.56
and gﬂ%lln1 hi.ckness | ess than 100 mcrons forned by
t he ASeMod. In yet another form the |nvent|on
provi des h} tﬂ se og the film coated on

t r anspar efit 2 SRarigRy the inyeglica esides i @ pfeéqur%gtf(prpgllatlon
and/ @bpRking; 15 fogging and/or protective coating. In
yet anot her ‘formthe invention provides a hydrophilic
fi | mabow tpartdwdiolysablensitivale wligemer pf therfagna hi gh
surface area. In one form of the |nvent|on t he
hydr ol ysabl e silicate oligo silicic acid
tetramet hyl ester honDpon 20 Throughout t he
specification the term' kve index" is
intended to refer to a f|| pf t e invention having a

refractive i ndex |less than s|iXica |ass in the

wavel ength range 200nmto 20m 6 | EF DI SCRI PTI ON OF
5T HE DRAW Nﬁ@ré:éé%hkué Fndépéﬁdiéht ébfléétSdfﬁ%h £0aidder @
substrate; and a sc erralc of a curing
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of t abouin@.2nt00oparisalecdlieandyeneral form
about 0.01-1 part water.

10 In a still further form the invention resides in a film having a
refractive index between 1.1 and 1.56 and a film thickness less than 100
microns formed by the above method.

In yet another form the invention provides for the use of the film

coated on a transparent substrate to provide an anti-reflective and/or anti-

15 fogging and/or protective coating.

In yet another form the invention provides a hydrophilic film.

Preferably the hydrophilic film has a hig_h surface area.

in one form of the invention the hydrolysable silicate cligomer is not

silicic acid tetramethyl ester homopolymer.

Throughout the specification the term “low refractive index” is intended

to refer to a film of the invention having a refractive index less than silica

glass in the wavelength range 200nm to 20pm.
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Xi-0 X Xin 10 where at |l east three of the X

groups are hydrol ysabl e groups. Selection of the X
groups is not particularly restricted and is discussed
further below. Particular exanples of these materials
include nmethyl silicate and ethyl silicate, which are
oligoneric forns of tetranethyl_  orthosilicate and
tetraethyl orthosilicate, respé%tlvely These
materials are 15 al so known as tetranethoxy-silane and
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i mportant. When X is an hydrol ysable group it is
i ndependent|y selected from a range of hydrol ysabl e

-Ci o al kyl,
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G - 4al kyI i nclusive of benzyl. It wll also be

appr 8eN@BEHP™Mhat X may be opt | onal | y substituted with
one or nore inert substituent such as halide, for

exanpl e fluorine; aryls; X Noaryls; or any
ni trogen, oxygen or- sulph con alnlng substi t uent
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15

where at least three of the X groups are hydrolysable groups.
Selection of the X groups is not particularly restricted and is discussed
further below. Particular examples of these materials include methyl
silicate and ethyl silicate, which are oligomeric forms of tetramethyl
orthosilicate and tetraethyl orthosilicate, respectively. These materials are
also known as tetramethoxy-silane and tetraethoxy-silane.

By way of example, the oligomer can be formed from the monomer
by partial hydrolysis, as depicted in the following reactions:

OR OR
RO-SI—OR + H,0 = RO—Si-OH + ROH
OR | OR
OR OR
n [RO-Si—OH — RO Si—OFR +%n H0

OR OR J,

For commercially available methy] silicate n is typicalily 4 and for
ethyl silicate it is typically 5. The degree of polymerisation in the oligomer
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silica film 10 Wien X is a non-hydrol ysable group it

is independently selected froma range of
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The inventors have appreciated that certain hj/drolysable silicate
oligomers can be prepared in the liquid phase for coating onto substrates. In

20 the earlier patent application mentioned above a process was described for

~ forming a thin film from silicic acid tetramethyl ester homopolymer
(specifically methyl silicate 51), but the process of morphology control was
not detailed.

It is noted that the production of alcohol (ROH) limits the rate of the

25 hydrolysis reaction. It has been found that the introduction of alcoho! to the

curing environment conirols the rate of hydrolysis and hence properties of
the film formed in the condensation step.'lt is important that the alcohol in



vol ati |l e nitrogenous base, exenplified by anmonia, a
vol atil e am no-al kane 10 inclusive of a primary am ne,
a secondary amine or a tertiary amne, or a C

vol ati | e am no-al kene, al kal oids and the |ike. Most
suitably the base is ammonia. The solvent is any

sol vent in which the oligoner is soluble. The
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20 combinations of retarder, ROH and solvent contemplated by the present
invention may include ROH being any alkyl alcohol, the solvent being
methanol and the retarder vapour being ethanol. It will be appreciated that
other combinations may also be employed.

Thus, in one non-limiting example where all X are ethoxy and n=4, eg.
25 Si{OC,Hs)4, the retarder is ethanol. In such an example, it is preferred that
the solvent is also ethanol.

1t will also be appreciated that the hydrolysable silicate oligomer need
not have all X-groups the same. For example, CH3[(OC;Hs)2Si0],CoHs is
anticipated to be a suitable precursor, as is CsH7[(OC2Hs)(OCH3)SiO]CHa.

30 In these particular examples the alcohol in the curing environment
may be methanol, ethanol, propanol, or a combination of these.



oligonmer is mxed with alcohol. Optionally a snall
anount of water, typically |ess than 5% by vol une,
may al so be present. The ampunt of water 10 di ssol ved
in the alcohol fromthe environnent is often
sufficient and is virtually unavoi dable. The
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substrate.” A typical spin coating profile is to ranp

to  500r prhieNprec®er isrulation mayesonpriged 8hp Acohalhak @reates
2500rpmin | sec, spin 500rpm for 1 sec

: at 250 ramp .
down digpesTet ¢rgp|sds thseughogi the %‘@@,P@%U@%fﬂﬁm‘aﬁoﬁﬁ@ facilitates
the formation of pores in the final film.

A number of exemplary processes for producing suitable films are
20 described below.

Example 1: Ethyl Silicate 40
50m] of ethyl-silicte-40 (comprising >94% silicic acid tetraethyl

ester homopolymer, <4% tetraethoxysilane, <4% ethanol) { supplied by
COLCOAT CO. LTD. 3-28-6 Omorinishi, Ota-ku, Tokoyo 143-0015,

25 Japan} is added to 100ml of ethanol or methanol to form a precursor
formulation.

The precursor formulation may comprise any alcohol that creates
dispersed droplets throughout the precursor formulation to facilitate the
formation of pores in the final film.



It will be appreciated that spin deposition conditions
may be varied 10 depending on the filmthickness and
refractive index desired. The coated substrate is then
place in a closed container of approximtely 30
litres vol une containing a curing agent (20mlL aqueous
anmoni a 28% sol ution and 20ml ohol ), which creates
an appropriate ammoni acal atnosphere for the silica

filmto c Lper i.s 15.arranged in such a
manner t hgir%t 'ﬂl:eglaﬁ ﬁ%(r?n?ﬁs@“ﬂ%? 1S iaﬁpl{%i[oa%gua?tf%et 'Hép”s example
cur i ryglaks glidel.byTdipsoating.ng step continues until the
filmsoliqjfies and becopes, pechanically robust. )
Al t hough i%W‘" & ahRIeRALeH thebothigh depesiien tachaisues syeh as spin
an agad arspeaying Ayl ® Be iuked 5|

t hat eacﬁgggn be a{ ded% ggﬁ&'?ﬁ%‘% bpﬁl?%ﬁ?%@i?&bﬁ@%or

? nverfenwatien a3 subsiEatepAityrieal apimeratingyprotietis to ransp to

achi £ e re fntr ed . .
sepa?gf@ 'f/‘. "? d %e{%:ésp@;f‘é{ ?%% gﬁ@rﬁ%@r F"rﬁ&%zgﬁ@m'"& S, spin
cur i g 2606rpe forl 1 sec,shmprddwn & SB@pmTer seedobBkec, lad shown
a cl ?[?gtbaystem havi ng sone formof nount 2 in the
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base 5 receiving the substrate 3. Areservoir 4

is filled,w a_mxture of ammwnia, .. alcohol and )

wat er whi s _%P%ﬁe&?t%&ﬁ‘ SatcPRosition RRsGHtians ngay be varied
1thavi dgpandiagrpobitiilnthidRhessBmeR iRtV MdBRdekRbd.

pressures

ﬂf thgchn{]}?ni a, water and al cohol at the

appl i cabl dNe&eatedsyhsirate is thea placedn aclosad cantaingr ok
proviaggeb fhaso i ' | G '

adj us? gd W?hou?oggs%ggﬁ%%ﬁénﬁﬁgan%er. #eﬁtrg%@ﬁls? 379 ous
of t REPPRIE 830l selutipn jandZmd aisahel), whichl areatesian apmropriate

cur i g ENaeRrloBphofe £ BR SR GRS R wiliafPes”

18 s ustenged idsuch @nuahnee tpities filmist ievef il combiétofth the curing
L e S e SRR 5B i becores
al cohmchaniealyntobustt he precursor formul ation during

curing, ggerea,i. the size of the pores is determ ned
by the typaneyanitissRvenient in add the uates pnd bsga @sanaqueous

| ar gemnidHi& ssiudien UM beSapredRicARN eth &Y ded
During the curing stage the water 1 n the anmmoni acal
205t nosetasately. In facgt, the inventors believe that better morpholegy control is
achievable if the base and water are introduced separately to the reaction
chamber.
A schematic of a curing chamber 1 is shown in FIG 2. The chamber
1 is a closed system having some form of mount 2 in the base for
25 receiving the substrate 3. A reservoir 4 is filled with a mixture of ammonia,
alcohol and water which evaporates to pfoduce an atmosphere 5 having a
composition determined by the partial pressures of the ammonia, water
and alcohol at the applicable temperature and pressure. A port 6 may be
provided so that the mixture in the reservoir can be adjustea without

30 opening the chamber.

The porosity of the produced film is determined, at leastin part, by the
alcohol in the precursor formulation prior to curing. The alcohol in the



causes hydrolysis of the precursor fornulation. An
exchange of al cohol nolecules fromthe precursor
fornmul ati on and the al cohol nolecules in the

amoni acal at nosphere occurs allow ng the al cohol of

t he ammoni acal C 10 at nosphere, or curing environnment,
to take part in the hydrolysis reaction. This neans
that the final porosity of theilmis controlled by

placing the coated substrate in an al cohol .
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20 this example, have been physically characterised as outlinéd in our co-
pending application WO 2005/049757, the content of which is incorporated
herein by reference.

Example 2: Ethylytrimethoxysilane

Monomeric ethyltrimethoxysilane (ETOS) { supplied by Sigma-

25 Aldrich, Castle Hill, NSW Australia} is mixed with water in the molar ratio
of 1 part ETOS fo 2 parts water with sufficient ethanol added to dissolve
the ETOS. This mixture is allowed fo react and form a silicate oligomer.

The precursor formulation is formed by adding 10ml ethanol or
methancl to 10ml of the silicate oligomer.

30 The precursor solution is applied to a substréte, in this example a
glass slide, by placing some drops of the precursor solution on the suiface



Exanpl e 3: Methyl trinmet hoxysil ane Mononeric

met hyl tri met hoxysi |l ane (MIoS) { supplied by Sigma-
Aldrich, Castle HIl, NSWAustralia} is mxed with
water in the nmolar ratios of | part MIOS to 3 parts
water with sufficient ethanol added to dissolve 10 the
MICS. This mxture is allowed tQ react and forma
silicate oligonmer. O her ratiag of 1 part MICS to 2

parts or 4 parts ter re also found to be
sui t &fdealloyeg SRIPad A dow nsler GEavi o by

G111 cat e oneessRa et (1R placein et odffiner f

15 sepreximately 30dires uolvmet cantaining euring agait€20 M egqueous
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al cohol ), whi crt%at es .21, appropri ate ammoni acal

at no to cure. 20 It is
hypot hesi sed that in the instances where the al cohol
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envi rGthee rdtios @i tirparid OiSotot hpady er 4lparts welitet weiesalso found to
reaction. me and size of the pores fornmed in the
sili @&%‘P{a ©For exanple, if the precursor fornulation

conpr i ses Tietghgbursot fobAlRtiaN G foRiBaNY adiirty {Oval éMahoor
vapour conprises ethanol, during the hydrol ysi

o ) dr S
" eactVehanekiRleN of e slivala OFGRRFE INREAINS 8f PPrmk40m| ad
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out of the curing vapour and reformon the silica.
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vapodimmoniacal environment, or curing vapour, is different to that in the
precursor formulation that a mixed oligomer is formed during the hydrolysis
reaction. |t is believed that initially there is a degree of reaction control, in
which the alcohol of both the precursor formulation and the ammoniacal
25 environment contribute to the overall hydrolysis reaction rate and size of the
pores formed in the silica film. For example, if the precursor formulation
comprises methyl silicate and methanol and the curing vapour comprises
ethanol, during the hydrolysis reaction methanol is formed from the methyl
silicate. This reaction is reversible and the methanol may come out of the
30 curing \)apour and reform on the silica. Ethanol will also react with the silica
in a similar reversible reaction. Considering one bond on the methyl silicate
oligomer at a time, an OCHjz group comes off the precursor as methanol and



The nethyl silicate oligonmer may then becone a m xed
ol igoner, and the 5 hydrolysis is reversed by the

al cohol fromthe curing vapour and it acts as the
retarder, even though it was not initially in the
precursor forrmulation. It is also believed that the
sol vent content of the precursor formulation is
involved in the filmformation & a mesoscale to
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features of the filns of the current inventijon
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The réfractive i ndex
by adj ust iTing filtne prodqmmi ity ese mrretbads hawd amutrh:er of favourable

20 characteristics, including:
a low refractive index in the visible spectrum, typically 1.1 to 1.45;
high optical fransparency;
high optical and thickness uniformity;
mechanical robustness similar to glass;

25 chemical and photochemical properties similar to glass;
high porosity, leading to efficient anti-fogging behaviour;
excellent adhesion to conventional substrates, such as glasses,
plastics, metals, ceramics, semiconductars, and the like: and
durability / long term stability.

30 A number of features of the films of the current invention may be

tailored or tunable to suit the final application of the film, for example;



al cohol and water content. Tunable filmthickness -

The fil mthickness can be tuned by adjusting 5 the
initial alcohol and water contents in the precursor
fornmul ati on and, can also be adjusted by varying the
parameters relating to the deposition nethod, such as
spin speed, viscosity, dip coatlng mrthdramal rate,

and the |ike using standard meffiods for the chosen
coating technj que. 10 The viscosity of the precursor
fornul at i SHNARG Fitastiverisdex o Thei refrastive igdpxsmayebe riuned
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robust, emwfthdiasval raipt an@theclrk&tuamsiﬁoda@bmeﬂmsi fonthe chosen

i ncl udi ng |J&f on 20 coatings, chem cal and

nmechani caFg%Mﬁgbﬁgggtl ngs, anti-foggi ng coatings,
1@nti-glard heordﬁdoegsoi(thegﬁﬂoudsdrffushrﬂgtrmﬁ fraythe alta'rgdhto facilitate

reflectivity coati scatterin oatin
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the invention nay be enpl oye

ow r ctive i n ex
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refractive index multilayer coatin
15 ef r anathee for pragucivg rolugt fisoawith efiestive ppn’as@l quer the thickness
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spectacl és; ens eco
coat isapstrdtemmateRaisand sitapes. di spl ay deV| ces such as

computer gpni tors, televis o 0. coat
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2Qdv arfeatingsn srw%% ang fpedinica airiep Gpatingsy .889309@59 coatings,
anti-glare coatings (light diffusing effect), high reflectivity coatings, highly

scattering coatings for frosted layers, low refractive index supports and
cladding and dielectric barrier layers.
The films of the invention may be employed as low refractive index
25 optical coatings for anti-reflection coatings or as low and high refractive index
materials in high-low refractive index multilayer coatings. As a low refractive
index optical coating the silica thin films may be applied to all forms of glass
including spectacles, windows, windscreens, decorative, eic.; coatings for
CRT and other display devices such as computer monitors, televisions, etc.;
30 coatings for solar cells; optical instrument coatings such as lenses, mirrors,
and the like; active and passive optical waveguides in telecommunications,
and advanced photonics; and optoelecironic devices.



The filnms may al so be used as physical and chem cal
barrier coatings including, invisible netal and

pl astics protection, invisible protection for

delicate optical surfaces. The filnms may al so be used
as anti-fogging coatings for applications 5 including
autonotive and marine gl ass, argchitectural gl ass,
spectacl es, w ndows of all so?%s, bat hroomnmirrors

and shower. screens. The fil ns al so be produced .
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Throughout the specification the aim has been to describe the
" preferred embodiments of the invention without limiting the invention to any
one embodiment or specific collection of features.

Throughout this specification, unless the context requires otherwise,
25 the word "comprises"”, and variations such as "comprise” or "comprising”, will
be understood to imply the inclusion of a stated integer or group of integers

or steps but not to the exclusion of any other integer or group of integers.



produci ng a precursor fornulation by adding to a

sol vent an hydrolysable 5 silicate oligoner of the
form X | XSi-OX1l X .X n where each Xis

i ndependently selected froma range of hydrol ysable
or non-hydrol ysable groups with the proviso that at

| east three X nust be hydrolysafy e groups; formng a
coating of the precursor formulation on the substrate;
10 and then curing the coating by hydrol ysing and
condensd he coating in a vapourous environment

that cappri AesetRod8FRmNG b&iica Bf siflcd-MeAiiASoated
retarder retardin hydr}c??ysi S of the hyérgo)?tseagtﬁleéjsubstrate

si | i catMNGBRStEPS dfherei n the concentration of said

r et ar defodysi 'rm |

contr o?_% #gmrb}olﬁﬁgpgbgég?m?}#g il mﬂ{gfg%Zs.O?‘?ﬁlggﬁrirE%élgsable
of? cl aiSW?@e\RH%?r@?frPfttﬁ%f%mép of curing includes the.
steps of. placing the coated substrate in a chanber

wi th.the retarder vapour; (and ubsequent |y

i ntroducing water and a bade into the chanber. 3. The
met hod of claim 1 whereiX+H3i—R+X a hydrol ysabl e group
it is 20 selected fromafqg ngel .of hydrol ysabl e groups

i ncluding but not limted-o 1nClo al kyl, aryl

i ncl usi ve afhdrBeAh Xq5 maa?éﬁdgxh SISA84 b ofl O

al kyl or aryl. 4. The netho of > C%azjuémr%_hl‘y\ﬁ%rn%r_?ﬂ f X

i s a non- hy®idelysabls @ nondivgralysable grewnsekitetiefproviscethat at

range of nqgadtysteehysabliR HHRIRIbEYISISE i Ng of al kyl,

25 al ken%l_ , aryl, or alkyl, alkenyl” or aryl groups

subst i _fQE &g apdating of HW?CUWrtf‘PfHQ&{ﬁ{'P"W@@ﬁ?bﬁlﬂ@hur

010 Si |.bR®henkaring the coating by hydrolysing and condensing the coating in
a vapourous environment that comprises a base, water and a retarder,
said retarder retarding hydrolysis of the hydrolysable silicate oligomer,
wherein the concentration of said retarder in the vaporous environment is

selected to control the morphology of the film.

15 2. The method of claim 1 wherein the step of curing includes the
steps of: '
placing the coated substrate in a chamber with the retarder vapour; and
subsequently introducing water and a base into the chamber.
3. The method of claim 1 wherein if X is a hydrolysable group it is

20 selected from a range of hydrolysable groups including but not limited to
C4-C1o alky!, aryl inclusive of phenyl or naphthyt, substituted C4-C1galkyl or
aryl.' :
4, The method of claim 1 wherein if X is a non-hydrelysable group it ié
selected from a range of non-hydrolysable groups consisting of alkyl,

. 25 alkenyl, aryl, or alkyl, atkenyl or aryl groups substituted with halogen,

nitrogen, oxygen, sulphur or silicon.



5: The nethod of claim1l wherein X is substituted with
one or nore inert substituents selected froma |i st
including but not limted to; halides, including
fluoride; aryls; heteroaryls; or any nitrogen, oxygen
or sul phur containing substituent which does not
interfere with the formation oq he 5 film 6. The
nmet hod of claim 1 wherein the base is a volatile
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each R is independently selected from a range of
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each X is a non-hydrolysable group independently selected

from a range of non-hydrolysable groups.

10.  The method of claim 1 furthér including the step of morphology
control of the film by controlling respective partial pressures of the base,
25 the retarder and the water in the vapourous environment.

11. The method of claim 1 further including the step of selecting the
solvent to control pore in the film.

12. The method of claim 1 further including the step of selecting the
concentration of solvent to control pore density in the film.
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19.  The method of claim 1 wherein the curing step is performed at or
15 near room temperature and ambient pressure.

20.  The method of claim 1 wherein the film has a refractive index
between 1.1 and 1.56 and a thickness less than 100 microns.

21.  The method of claim 2 further including the step of allowing the

coating to equilibrate with the retarder vapour before introducing water
20 and base to the chamber.

22, The use of a film produced by the method of claim 1 when coated on
a transparent substrate to provide an anti-reflective and/or anti-fogging
and/or protective coating. '

23.  Afilm produced by the method of claim 1 to be hydrophilic.
25 24.  Afilm produced by the method of claim 1 to have a high surface area.

25.  The method of claim 1 wherein the hydrolysable silicate oligomer is
not silicic acid tetramethyl ester homopolymer.



