Pore size regulation of TiO, by use of a complex of titanium tetr aisopropoxide

and stearic acid
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The pore size distribution of TiO, can be controlled by
changing the molar ratio of stearic acid to titanium
tetraisopropoxide.

Material swith acontrolled poresize, in addition to high specific
surface areas, are attractive for use as catalysts and catalyst
supports. Mesoporous amorphous silicas such asMCM-411 and
FSM-162 have been recently synthesized, and have specific
surface areas > 1000 m2 g—1 together with uniform mesopores.
Interest in the synthesis of mesoporous materials are aso
focused on other oxides such as Al,03;, WOs3, and PbO.3-7
Mesoporous aluminas with specific surface areas >500 m2 g—1
have been prepared from aluminium alkoxide in the presence of
a surfactant.6.7 On the other hand, the pore size distribution of
alumina can be regulated by a pH-swing process.8 In the
process, the particle size of a@uminium hydroxide was con-
trolled by atering the pH of the solution containing aluminium
hydroxide gel. Here we demonstrate the control of pore size of
titania by using stearic acid as a pore regulating reagent.

A measured amount of stearic acid (C17H3z5CO-H, STA) was
dissolved in propan-1-ol at 50 °C and titanium tetraisopro-
poxide [Ti(OPr),] dissolved in propan-1-ol a room temp. was
added to the STA solution at room temp. The molar ratios of
Ti(OPr),, STA, and propan-1-ol were 1:X:26, where X was
varied from 0 to 2. After the mixed solution was stood at room
temperature in an open container for at least 24 h, a white
precipitate was formed. The solution was allowed to stand until
no further precipitate was formed (up to 264 h). The precipitate
was separated by decantation from the solution, and dried at
170 °C for 1 h. The dried sample was calcined at 400 °C for 4
hto obtain TiO,. The pore size distribution of each TiO, sample
was calculated from its N, adsorption isotherm at —196 °C
according to a calcination method reported by Cranston and
Inkray.®

Preliminarily, it was found that the addition of water to the
starting solution decreased both the specific surface area and
pore volume. Thus, we prepared samples without adding water
to the solution. Since no STA was observed in the supernatant
solution, amost all the added STA was included in the
precipitate. When the samples were dried at 170 °C, the
precipitates became yellow granules up to amolar ratio of STA/
Ti (X) of 0.9, and melted above X = 1.2. Above X = 0.2, awhite
TiO, solid was obtained by calcining the dried sample at
400 °C, and the mass of the sample decreased. The mass
decrease in the sample was nearly equal to the amount of added
STA. For X = 0.3, the TiO, sample calcined at 400 °C had a
specific surface areaof 92 m2 g—1. For X< 0.2, however, carbon
species remained in the samples calcined at 400 °C. The crystal
structure, as confirmed by XRD, was anatase titania which at
500 °C, became a mixture of anatase and rutile (2.6
m2 g—1). At 600 °C, the crystal structure was completely
converted to rutile and the specific surface area of the rutile
titania was as low as 1 m2 g—1. Consequently, a calcination
temperature of 400 °C was adopted.

Thestructural propertiesof theresulting TiO, atered with the
amount of STA added in the starting solution (Figs. 1 and 2). At
X <0.1, specific surface areas of the samples were lower than
10 m2g—1. A sample prepared without STA (X = 0) had abroad

distribution of pore volume with amaximum at 5 nm, while the
total volume was only 0.01 cm3 g—1. The specific surface area
aswell asthe pore volumeincreased with increasein X up to 1.2
(Fig. 1), and the pore size distribution could be regulated; the
pore diameter was shifted from 5 to 15 nm in the STA/Ti (X)
range between 0.3 and 1.2 (Fig. 2). At X >1.2, no change was
observed in the structural properties including the pore size
distribution. In the calculation of the pore size distribution of
TiO, samples, cumulative surface areas calculated from the
pore volume and the pore diameter were consistent with the
specific surface areas obtained by the BET method. Therefore,
the pore size distribution of TiO, is controlled by changing the
molar ratio of STA to Ti(OPr), intherange 0.3 < X < 1.2.
For different X values, both the trend of the variation in
structural properties and the behavior of the samples in the
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Fig. 1 Structural properties of TiO, prepared with different amounts of
stearic acid. Themolar ratios of Ti(OPr),4, stearic acid, and propan-1-ol were
1:X:26; (a) specific surface area, (b) pore volume.
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Fig. 2 Pore size distribution of TiO, prepared from a Ti(OPr),—~STA
complex. The molar ratios of Ti(OPr),, stearic acid, and propan-1-ol were
1:X:26; (a) X = 0.3, (b) 0.6, (c) 0.9, (d), 1.2.

Chem. Commun., 1997 2219



preparation process were clearly altered at X ca. 1. In the
Ti(OPr);,—MeCO,H system, two acetic acid molecules are
known to coordinate with atitanium isopropoxide dimer to form
a2:2 complex.10 Inthe Ti(OPr),~STA system, it is considered
that the same type of complex is formed. In the IR spectrum of
the precipitate dried at 170 °C, three characteristic absorption
peakswere observed at 14501470, 1540-1560 and 1740 cm—1.
The broad peaks at 1450-1470 and 1540-1560 cm-1 are
assigned as stretching vibrations of a bidentate carboxylate
(CO,7) ligand, and the sharp peak at 1740 cm—1 as a stretching
vibration of C=0 in an ester bond of stearate. Because free STA
was not detected in the sample dried at 170 °C, excess STA
reacted with the solvent propan-1-ol to form n-propyl stear-
ate.

For X < 1.2, the precipitates is a mixture of the Ti(OPr),—
STA complex and titanium hydroxide contained residua
akoxide groups. For X > 1.2, the precipitate is a mixture of the
Ti(OPr),—STA complex and n-propyl stearate. The results, for
samples with X >1.2, that the excess STA does not contribute
to the formation of pore structure imply that the TiO, pores are
formed upon decomposition of the Ti(OPr),—STA complex. In
other words, an appropriate amount of STA acts as a template
while excess of STA actssimply asasolvent. In conclusion, the
pore size distribution of TiO, can be controlled by calcining the
precipitate containing the Ti(OPr),—STA complex with differ-
ent STA/Ti ratios.
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