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of Layered Titania/Isostearate Nanocomposite with Aqueous Ammonia
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A layered titania/isostearate nanocomposite was prepared
via the sol—gel process in a hydrophobic solvent with a salt cat-
alyst. The isostealate modifiers hybridized with titania sheets
were completely removed by treatment with aqueous ammonia.
A vivid yellow powder of plate anatase was obtained by firing
the treated sample at 450 °C, and it showed a strong photoab-
sorption in the visible light region. Rapid degradation of methyl-
ene blue was observed in an aqueous solution during irradiation
with 470-nm light.

Most titania photocatalysts only show photocatalytic activi-
ty under UV (ultraviolet) light irradiation. Recently, trials to ex-
tend the optical absorption edge of titania into the visible light
region have been made and visible light reactivity was reported
for the titania doped with nitrogen.!-”-!%!! To the best of our
knowledge, the first study on nitrogen-doped titania including
its visible-light reactivity was that of Sato,' although the ob-
tained material was described as NO,-doped TiO,. He presumed
that the impurity NH4Cl contained in commercial titanium hy-
droxide used as a precursor was the cause of the incorporated ni-
trogen. After this study, several methods to intentionally intro-
duce the nitrogen into titania as a dopant have been investigated.
Such nitrogen-doped titanias were reported to be yellow.

For obtaining the thin films of nitrogen-doped titania, vari-
ous techniques, such as sputtering a TiO, target in N;,? reactive
DC magnetron sputtering in N,,? annealing anatase TiO, films in
gaseous NH3* and pulsed laser deposition using a TiN target in
N, /O, mixture’ have been used. For larger scale use, a powder
nitrogen-doped titania is more practical. Yin et al. reported that a
powder of nitrogen-doped titania was prepared by a mechano-
chemical reaction, though crystallization into rutile took place
by ball milling.® Morikawa et al. also obtained nitrogen-doped
rutile titania powder by the oxidative annealing of TiN powder.’
Anatase titania is more preferable because it is known to have a
higher photocatalytic activity than the rutile.®” So far, nitrogen-
doped anatase titania powder has been obtained only by chemi-
cal procedures such as the hydrolysis of Ti(SO4), by aqueous
ammonia'® and the direct amination of titania particles by the ad-
dition of triethylamine."!

In the present study, we prepared a nitrogen-doped plate
anatase titania powder with visible-light activity by treating a
layered titania/isostearate nanocomposite with aqueous ammo-
nia. It is a novel process for the synthesis of the nitrogen-doped
anatase titania.

A viscous sol containing layered titania/isostearate nano-
composites was prepared via the sol-gel process of isostearate-
modified titanium tetraisopropxide in o-xylene solvent with n-

hexylammonium isostearate as the salt catalyst, which was de-
scribed in our previous report in detail.'> The C and H contents
in the obtained composite measured by CHN analysis were 52.5
and 9.2 wt %, respectively. These values were consistent with the
calculated ones (51.6 and 8.6 wt %) derived from the starting
composition (TiO, + 3/5 isostearic acid). The obtained compo-
site has a layered structure constructed by the stacking of titania
sheets, to which isostearate modifiers are coordinating. The ob-
tained sol was mixed with aqueous ammonia (28%) and stirred
for 2h at 60 °C. In a separating funnel, the mixture separated into
two phases and the titania products migrated to the water phase
by releasing the isostearate modifiers. Products in water phase
were further washed with aqueous ammonia followed by several
centrifugial separations. After drying at 120 °C, a white amor-
phous powder was obtained. FTIR spectra of the products before
and after treatment in aqueous ammonia indicated that isostea-
rate modifiers were completely removed and new absorption
bands assigned to NH;* (3178 cm™!: stretching, 1401cm™':
bending)'>'* and to —~OH (3370cm™': stretching, 1632cm™":
bending) appeared due to the treatment. The treated products
were fired in air at various temperatures (350, 450, 550,
650 °C) for 2 h. A sheet-like morphology, which reflects the lay-
er structure of the precursor composite, was observed for the
fired samples (at 450°C) in the SEM photograph as shown in
the graphical abstract.

Figure 1 shows the XRD patterns of the fired samples. The
specific surface areas for these samples determined by the BET
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Figure 1. XRD patterns of plate titanium oxides prepared at
various calcination temperatures.
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Figure 2. UV-vis absorption spectra of plate titanium oxides
prepared at various calcination temperatures.

method are also shown in parenthesis. A single-phase anatase
was observed in the samples fired at 350, 450, and 550 °C, while
peaks due to rutile additionally appeared for the 650 °C-sample.
The specific surface area decreased with degree of crystalliza-
tion.

The UV-vis reflectance spectra of the fired samples and
commercial anatase powder (ST-01, Ishihara Sangyo Co.,
327 m?g~!) are shown in Figure 2. Photoabsorption in the visible
region (vis-absorption) was observed only for the samples fired
at 350 and 450 °C, while that at 450 °C was more intense. The
color of the powder turned to vivid yellow by the firing, which
indicates that a nitrogen-doped titania was formed at these tem-
peratures. A small amount of nitrogen (ca. 0.08 wt %) was de-
tected in the 450 °C-sample using a nitrogen/oxygen analyzer
(TC-436AR, LECO), in which the sample was decomposed at
ca. 3000 °C. For the samples fired at 550 and 650 °C, the vis-ab-
sorption bands disappeared. The doped nitrogen was probably
released by oxidation in the air at these higher temperatures.

For comparison, ST-01 was treated with aqueous ammonia
and fired at 450°C. The powder hardly changed color and no
vis-absorption bands appeared. Adequate nitrogen doping would
not have occurred for ST-01. Layered composites have a large
number of coordination sites to which isostearate modifiers are
coordinating, and NH, ™ ions were incorporated by ligand ex-
change in aqueous ammonia. On the other hand, ST-01 probably
has a few coordination sites because it is a well-crystallized ana-
tase. Coordination sites remaining in the precursor would have
played an important role in nitrogen doping process.

The photocatalytic activity under visible-light irradiation of
the nitrogen-doped titania powders was evaluated by the decom-
position rates of methylene blue (MB; 0.05 mmol dm~!) in aque-
ous solution (3 ml, pH = 3) containing 3 mg of samples with O,
bubbling. As the light source, we used 20 blue-light-emitting di-
odes (E1L53-3B0A6-02, Toyoda Gosei) with a 470-nm-emis-
sion. The concentration of MB in the solution was monitored
by its absorbance at 660nm using UV-vis spectroscopy
(V570, JASCO). The activity of the sample fired at 450°C,
which showed the most intense vis-absorption, was extremely
higher than the other samples and the commercial anatase photo-
catalyst (ST-01) as shown in Figure 3. And also, its decomposi-
tion rate was ca. 2.1 times higher than that of the nitrogen-doped
anatase titania prepared from Ti(SOy), following the reported
procedure.'? In spite of relatively intense vis-absorption, the ac-
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Figure 3. Photodecomposition of methylene blue on plate
titanium oxides prepared at various calcination temperatures.

tivity for the sample fired at 350 °C was very low. The reason is
now under investigation. MB showed no degradation in the
aqueous solution containing only MB under the same irradiation
conditions.

In conclusion, a new class of nitrogen-doped plate anatase
titania powder was obtained from titania-based composites by
a unique process which consists of the preparation of titania/iso-
stearate nanocomposites and successive treatment with aqueous
ammonia for the incorporation of nitrogen into the titania. The
activity will be further improved by controlling the size and mor-
phology of the nanocomposites and also by optimizing the treat-
ment process.
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