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there was a plateau feature corresponding to micropores within the silica-based
network, and this feature changes with heat treatment. SAXS of xerogels with x > 0.3
showed the presence of phase-separated regions of metal oxide, which were initially
amorphous and crystallized at higher temperatures. A (TiO,)q 1(Si0,)0 g, Xerogel that
was not initially phase separated became phase separated after heat treatment at 750 °C
due to reduced solubility of Ti in the silica network.

I INTRODUCTION

Mixed titania-silica materials, (Ti0,),(SiO,);_,, are
useful in a number of technological applications,’ such as
ultralow expansion glasses, antireflective thin film coat-
ings, and catalytic materials.> Mixed zirconia-silica ma-

terials, (Zr0,),(SiO,),_,, have low thermal expansion,
tunable refractive index, and high physical and chemical
durability® and have potentially useful catalytic proper-
ties.* However, the preparation of these mixed oxide ma-

terials by high-temperature methods i§ difficult because

of the high melting temperatures involved.

The sol-gel process® has the advantages of using liquid
precursors and involving relatively low processing tem-
peratures. A sol of water and metal alkoxide(s) under-
goes hydrolysis and condensation reactions to produce a
gel. A gel is dried to produce a xerogel, generally an
amorphous, porous, hydrated solid. This becomes similar
. to a melt-quenced glass during heat treatment (up to
~1000 °C). The structures of xerogels are strongly de-
pendent on the details of preparation and heat treatment.
For example, base-catalyzed gels have a colloidal struc-
ture, whereas acid-catalyzed gels have a polymeric struc-
ture.” Furthermore, conventionally aged/dried acid-
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catalyzed gels, i.e., xerogels, are microporous, whereas
mesoporous structures called aerogels can be produced
by using special aging/drying conditions.

The degree of homogeneity in xerogels is an important
issue for investigation. Acid-catalyzed xerogels are com-
monly prepared with two-step hydrolysis and low water:
alkoxide ratio, i.e., 1 < R,, < 5, to promote homogeneity.
Titania— and zirconia-silica xerogels prepared in this
way are the subject of the present study. They have pre-
viously been mvestlgated using diffraction,® ultravio-
let,'° infrared,’®'® nuclear magnetic resonance
(NMR),!1:12 14" 4nd x- -ray absorption spectrosco-
pies.® 115717 I particular, our group has studied the
same sets of samples using several of these tech-
niques.®”"141¢ Generally, metal atoms are homoge-
neously incorporated into the silica network at low
concentrations, i.¢., x < 0.2, and separation of a metal
oxide phase begins to occur at higher concentrations.
However, details of atomic structure provide only a par-
tial description of these materials. '

Acid-catalyzed titania—silica and zirconia—silica xero-
gels have mtrmsw inhomogeneities beyond atomic
length scales.® Gelation creates an undercondensed poly-
mer network, drying modifies the network and exposes
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