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Preparation of lanthana-doped titania nanoparticles with anatase
mesoporous walls and high photocatalytic activity
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Abstract

Lanthana-doped mesoporous TiO2 nanoparticles with high specific surface area and thermal stable anatase wall was synthesized via
hydrothermal process by using cetyltrimethylammonium bromide (CTAB) as surfactant-directing agent and pore-forming agent. The resulting
materials were characterized by XRD, FESEM, TEM, FT-IR spectroscopy, and nitrogen adsorption. The as-synthesized mesoporous doped
TiO nanoparticles have mean diameter of 20 nm with mean pore size of 2.2 nm. The specific surface area of the as-synthesized mesoporous
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anosized doped TiO2 exceeded 460 m2/g, and that of the samples after calcination at 500◦C still have 243 m2/g. Compared with undope
ample and P25, the lanthana-doped mesoporous TiO2 nanoparticles show better activities on the oxidation of rhodamine B (RB). The
urface area and more active sites for combining with RB due to the present of lanthanum ion can explain the high photocatalytic
anthana-doped mesoporous TiO2 nanoparticles.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Mesoporous and nanosized TiO2 has been a long sought
fter materials because of its applications in the areas of pho-

ocatalysis, solar energy conversion, and battery applications
1–5]. Among three crystalline phases of TiO2, nanosized
natase TiO2 is believed to possess enhanced photocatalytic
ctivity and photoelectrical chemical conversion activity

1,2]. Therefore, there are numerous investigation focused
n the synthesis of anatase nanoparticles with various
hapes for the photocatalysis and photoelectrode materials
3,4]. Among those reports, the sol–gel technique is the
ost frequent applied. Generally, the precipitates derived

rom sol–gel processes are amorphous in nature[5], the
hotocatalytic and photoelectrical chemical conversion
fficiencies of those obtained TiO2 nanoparticles are not
igh enough for industrial purposes[6]. Hence, there are two
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main methods developed to improve this situation, suc
increasing the surface area, modification of the TiO2 doped
with metal or other semiconductors.

For the high surface area, mesoporous TiO2 has attracte
much attention due to its high surface-to-volume ratio
offers more active sites, which are of great importa
in photocatalysis and solar energy conversion[7–12].
Therefore, surfactants[7,8], triblock copolymer[9], and
many non-surfactant organic compounds[10] had been
used as directing agent and pore-forming agent to pre
mesoporous TiO2. In those investigation, several differe
approaches have been applied to control the high reac
of Ti(IV) precursors such as non-hydrolytic routes[9],
ligand-assisted templating[12], the addition of chelatin
agents[13], and high acidity[7,12–15]. Whereas, uncon
trolled hydrolysis and condensation lead to the formatio
a dense, poorly structured inorganic network. For exam
Blanchard et al. have used protons in acid media to retar
rapid condensation and generate titanium mesostruc
oxosulfates in a TiOSO4/CTAB composite system, in whic
381-1169/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.molcata.2005.04.066



120 T. Peng et al. / Journal of Molecular Catalysis A: Chemical 238 (2005) 119–126

cetyltrimethylammonium bromide (CTAB) was used as
surfactant-directing agent and pore-forming agent of meso-
porous TiO2 (but not nanoparticles)[14,15]. However,
the obtained semicrystalline embedded in the amorphous
mesoporous TiO2 have insignificant photocatalytic activity
[16]. Calcination at high temperature may not be beneficial
for improving the photocatalytic activity as it results in
the collapse of mesoporous framework and loss of surface
area due to the crystallization of TiO2 [17]. Therefore, it is
still a challenge to synthesize mesoporous TiO2 containing
the highly crystallized anatase wall and large surface
area[18–20]. Furthermore, there are a few reports on the
synthesis of TiO2 nanoparticle with stable anatase meso-
porous framework[20a,c], which would have an advantage
in relate to photocatalytic and photoelectrical chemical
properties.

Together with the crystal structure, the crystalline sizes
and the morphology of the individual particles, and inte-
gration of dopants in the structural framework play the key
role for the optimization of specific photoelectrical chemi-
cal and catalytic properties. Therefore, numerous approaches
have been conducted to extend the photoresponse of TiO2
and to improve its photocatalytic activity by modifying its
surface properties and composition, etc.[1,21–24]. Dop-
ing of the crystalline matrix with transition metal ions has
been proven to be a potential route for the improvement
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2. Experimental section

2.1. Preparation and characterization

All chemical reagents used in the present experiments
were obtained from commercial sources as guaranteed-
graded reagents and used without further purification. A
typical synthesis process for the preparation of mesoporous
TiO2 nanoparticles with anatase wall as follows: 1.1402 g
Ti(SO4)2 was dissolved into 3.5 ml distilled water. The
obtained solution was added into cetyltrimethylammonium
bromide (CTAB) solution under stirring. The molar ration of
Ti(SO4)2:La(NO3)3:CTAB:H2O is 0.95:0.05:0.12:100, then
adjusted the pH 0.6. After stirring for 30 min, the resulting
mixture was aged at room temperature for 12 h, and then
transferred into an autoclave at 100◦C for hydrothermal treat-
ment. After 72 h, the resulting powders were cooled to room
temperature, then recovered by centrifugation, washed with
water and ethanol, and then dried at 120◦C overnight. In
order to remove organic materials, ion-exchange treatment
was performed by mixing the as-synthesized powders with
a water and ethanol (molar ratio 1:1) solution of sodium
chloride under stirring at 313 K for 5 h. The resulting solids
were washed with water and ethanol then dried at 120◦C
overnight. The as-prepared samples were calcined at differ-
ent temperatures 2 h to improve crystallinity with a heating
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f photocatalytic activity of TiO2 [22–24]. Lanthanide ion
re known for their ability to form complexes with vario
ewis bases (e.g., acids, amines, aldehydes, alcohols
ls, etc.) in the interaction of these functional groups

he f-orbitals of lanthanides[25–28]. Stucky and co-worke
28] has proved that the europium ions are located in g
morphous titania regions near the interface betwee
natase nanocrystallites, and the well-ordered mesostru

s preserved. Therefore, it is expected that incorporatio
anthanide ions into TiO2 matrix could not only provide

eans to concentrate the organic pollutant at the sem
uctor surface, but also stabilize the mesostructure, t

ore, provide high surface area and enhanced photocat
ctivity of TiO2 [19]. Furthermore, it has been reported t
ost-hydrothermal treatment of sol–gel derived gels ca
pplied to crystallize amorphous TiO2 into anatase and st
ilize mesoporous structure TiO2 [20]. Here, we apply
ydrothermal method to synthesize lanthana-doped m
orous anatase TiO2 nanoparticles by using cetyltrimeth

ammonium bromide (CTAB) as a surfactant-directing ag
nd pore-forming agent in a facile and reproducible w
hich is similar with our recent publication[20c]. Hydrother-
al treatment and lanthanum doping are helpful to c

allize mesoporous wall into anatase and stabilize
esoporous structure. The obtained lanthana-doped a
iO2 nanoparticles with mesostructures show high photo
lytic activity on the oxidation of rhodamine B (RB) in a
he photocatalytic activity of the doped samples obta
xceeded that of unpoded samples and commercial De
25.
e

ate of 2◦C/min, respectively. The undoped samples w
lso prepared through a similar process[20c].

Field emission scanning electron microscopy images
btained on a JSM-7400F (FESEM) electron microsc
ransmission electron microscopy images were obta
n a JEM-100X/II (TEM) and LaB6 JEM-2010(HT)-FE
HRTEM) electron microscope with energy dispersive X-
EDX) measurements. X-ray diffraction (XRD) patterns w
btained on XRD-6000 diffractometer using Cu K� as radi-
tion. The nitrogen adsorption and desorption isotherm
7 K were measured on a Micrometrics ASAP 2010 sys
fter samples were degassed at 120◦C. IR spectra on pelle
f the samples mixed with KBr were recorded on a FT
201 PC spectrometer.

.2. Measurement of photocatalytic activity

The photocatalytic activity experiments on the me
orous TiO2 nanoparticles for the oxidation of RB in a
ere performed at ambient temperature. The UV source
300 W Hg lamp (100 mm long) with a maxium emiss

t approximately 365 nm, which was surrounded by a
ulating water jacket (pyrex) to cool the lamp. Typica
he aqueous RB/TiO2 suspension was prepared by addi
f TiO2 (50 mg) to a 50 ml aqueous solution containing
ye (c0 = 1.0× 10−5 M, pH 6.0). All runs were conducted
mbient pressure and temperature. The distance betwe
g lamp and the reactor was 30 cm for each experiment
uspension was magnetically stirred before and during
ination. The suspension was mixed for 15 min in the
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(for the adsorption of dye onto the photocatalyst surface) and
then the reaction mixture was exposed to the UV–vis light.
After irradiation and removal of the TiO2 particles by cen-
trifugation, the residual RB was analyzed using a Shimadzu
UV-240 spectrophotometer. For comparison, undoped sam-
ples and commercial catalyst Degussa P25 have also been
conducted under identical experimental conditions.

3. Results and discussion

The low-angle XRD patterns of the obtained doped sam-
ples are shown inFig. 1A. Except for the samples calcined
at 900◦C, all patterns are similar and exhibit a single diffrac-
tion peak corresponding tod-spacing of 5.67, 5.59, 5.53 and
5.48 nm, respectively. This single strong diffraction peak in
the low-angle region indicated the presence of mesostructure.
Mesostructures with more or less regular diameter channel
packed at random often display a single peak in low-angle
XRD [20]. Compared to the as-synthesized sample, the con-
siderable broadening and reduction in the intensity of pattern
of the calcined samples, as well as the shifting ofd-spacing
to lower distances, can be attributed to the partial collapse
of the mesostructure upon calcination. A single broad peak
is observed on low-angle XRD patterns even for the sam-
p ◦ igh
t lline
w ac-
t
T aks

(Fig. 1B (a)), indicating that the as-synthesized sample is
anatase phase (JCPDS, No. 21-1272). After heat treatment,
only peaks of anatase phase that become stronger and sharper
are identified inFig. 1B (b–d). Even calcination at 900◦C for
2 h, the XRD pattern show that the main crystal phase is still
anatase, and small peaks of rutile phase appeared.

The average size of nanocrystallite calculated from the
Scherrer formula are 2.3, 3.1, 4.5 and 6.9 nm for the samples
as-synthesized and calcined at 300, 500 and 700◦C (Ref.
Table 1), respectively. After calcination at 900◦C, the crys-
talline size increases to 8.6 nm. It has been proved that the
SO4

2− anion and the acidic reaction condition (pH∼ 0.6)
in the hydrothermal condition can retard the formation of
rutile and the growth of crystal[29], and the retarded phase
transformation and crystal growth in return are beneficial for
high thermal stability of mesostructure and anatase. Zhang
and Banfield had proved that though rutile is the most stable
phase for bulk materials, when a large amount of surface is
present (such as for nanoparticle smaller than 14 nm), anatase
is stabilized, minimizing the total free energy of the system
[29,30]. Moreover, Mayo and co-workers has also proved that
the presence of interagglomerate pores can also prevent the
anatase grain growth[31]. Therefore, the stabilization of the
anatase phase and mesostructure upon calcinations probably
can be ascribed to the present specific synthesis conditions,
which are similar with our recent publication[20c].
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A 460.6(4
3 76.2(33
5 43.0(23
7 02.1(84
le calcined at 700C, suggesting the considerably h
hermal stability of the mesostructure. The nanocrysta
alls in the obtained TiO2 nanoparticles have been char

erized by high angle powder X-ray diffraction (Fig. 1B).
he as-synthesized TiO2 powders show broad anatase pe

ig. 1. Low-angle (A) and high-angle (B) X-ray diffraction (XRD) patte
e) 900◦C.

able 1
ummary of the properties of mesoprous doped and unpoded TiO2 nanosiz

alcination temperature (◦C) Crystal sizeb (nm) SB

s-synthesized 2.3(2.3)
00 3.1(2.9) 3
00 4.5(4.1) 2
00 6.9(7.3) 1
a The data in bracket is that of undoped samples.
b Calculated by the Scherrer equation.
c BET surface area calculated from the linear part of the BET plot.
d Estimated using the desorption branch of the isotherm.

e Single-point total pore volume of pores atP/P0 = 0.98.
Fig. 2 shows FESEM images of the samples as-prep
nd calcined at 300◦C. As can be seen, the as-synthes
ample has a particle diameter in the range of 6.7–35 nm
ean particle size of 20 nm. After calcinations at 300◦C, the

samples: (a) as-synthesized and calcined at (b) 300◦C, (c) 500◦C, (d) 700◦C,

dersa

/g) Mean pore sized (nm) Total volumee (cm−3/g)

38.3) 2.2(2.1) 0.59(0.56)
0.5) 2.5(2.3) 0.62(0.59)
2.7) 3.0(2.5) 0.56(0.53)
.6) – 0.39(0.32)
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Fig. 2. FESEM images of the obtained samples: (a) as-synthesized and (b) calcined at 300◦C.

sample has particle size in the range of 6.5–33 nm with mean
particle size of 18.5 nm. The more detailed microstructure of
the nanoparticles can be seen from the TEM images (Fig. 3) of
samples. The La3+ ion existed in the wall of the obtained sam-
ples is confirmed by energy dispersive X-ray spectroscopy
(EDX) measurement (Fig. 3g). Mesoporous structure without
long-range order can be clearly observed in the obtained sam-
ples, which coincides with the result of the low-angle XRD.
The morphologies of pores and particles are not changed
significantly upon heating up to 500◦C, indicating that recon-
struction and/or collapse are not occurred drastically upon
calcinations, although it can be observed that some particles
have been cracked from the image of the sample calcined
at 500◦C (Fig. 3e). After calcinations at 900◦C, the anatase
crystallites begin to grow extensively and transform to rutile
phase, and then segregate from the mesostructures. Subse-
quently, the whole mesostructure is completely destroyed
(Fig. 3f).

From the HRTEM of the as-synthesized mesoporous sam-
ple (Fig. 3b), it is can be clearly observed that the anatase
phase has already formed in the mesoporous wall. The
inserted electron diffraction patterns inFig. 3d also indi-
cate that the crystallinity of anatase phase in the mesoporous
wall is very high, which is consistent with XRD patterns
of TiO2 (Fig. 1B (b)). As can be seen fromFig. 3a–e, the
pore size and the wall thickness of the as-synthesized and
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The FT-IR spectra of the obtained samples are shown
in Fig. 4. It is believed that the broad peaks at 3400 and
1638 cm−1 correspond to the surface-adsorbed water and
hydroxyl groups[7,19]. The decrease in the intensities of
these peaks in the spectrum of the samples with increased cal-
cinations temperature confirms the diminishing the surface-
adsorbed water and hydroxyl groups. The peaks at 460, 620
and 910 cm−1 in the range of 400–1000 cm−1 are contribu-
tion from the anatase phase[7,19,22]. The intensities of this
large band of the as-synthesized sample enhanced insignif-
icantly upon thermal treatment, implying the anatase phase
has already formed in the as-synthesized samples, which is
consistent with the observation of XRD.

The N2 adsorption–desorption isotherms and the pore
size distributions of the obtained samples are shown
in Fig. 5. All samples show an isotherms of type IV
N2 adsorption–desorption isotherms with hysteresis loops,
clearly indicating the mesoporous nature of TiO2, but the
considerable hysteresis loop at high relative pressures con-
firm that the mesopores were not too regular in the obtained
samples. While considering that the mesopores and nanopar-
ticles coexist in the obtained samples, it would be reason-
able to think that the hysteresis loops can be attributed
to the total contribution of both intra-particle pores and
inter-particle pores. The inserted pore size distribution of
the as-synthesized sample determined from BJH desorp-
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alcined mesoporous TiO2 nanoparticles are estimated
e 1.6–3.9 and 2.0–5.2 nm, respectively. The estimated

hickness excellently coincides with the anatase nanodom
2.3–4.5 nm, estimated according to the Scherrer equa
s described above, also implying that the crystallinit
natase in the mesostructure of the as-synthesized sam
ery good (Fig. 3d). In previous work with PEO-based s
actants, Yang et al.[9] found that these crystalline doma
ere embedded in the mostly amorphous TiO2 matrix. Cabr
ra et al. also reported 3 nm anatase in the mesoporous
f a wormlike material[13]. In the present CTAB-template
iO2 system, however, the mesoporous wall basically c
osed of nanocrystalline with limited amount of amorph
iO2 matrix, implying that the hydrothermal treatment
fficiently crystallize the inorganic walls into anatase ph
ithout destroying the mesostrucutre.
s

ion isotherm show a bimodal pore size distributions c
ist of smaller (1.8–5.0 nm) intra-particle pores and la
12–52 nm) inter-particle pores. The intra-particle pore si
n range of 1.8–5.0 nm with mean pore diameter distribu
t 2.2 nm, as was observed from HRTEM (Fig. 3). More-
ver, the grain size becomes larger and mesopores be
artly collapse upon calcinations, which results in the in
article pore size shifting to a larger mesoporous region
ample calcined at 300◦C still maintains relatively narro

ntra-particle pore size distribution. While after calcinat
t 500◦C, the intra-particle pore becomes weaker. It ca
scribed to the collapse of the intra-particle pores and
rystal growth. However, the pore size distribution of
nter-particle pores just changed slightly upon cacina
ndicating that the inter-particles pores as well as the pa
izes changed insignificantly.
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Fig. 3. TEM and HRTEM images of the mesoporous lanthana-doped TiO2 nanoparticles: (a), (b) as-synthesized; (c), (d) calcined at 300◦C, (e) 500◦C, (f)
900◦C, and (g) EDX spectrum of the obtained La–TiO2 samples.
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Fig. 4. FT-IR spectra of samples: (a) as-synthesized, and calcined at (b)
300◦C, and (c) 500◦C.

The Brunauer–Emmett–Teller (BET) specific surface
areas and pore volumes of doped and undoped samples
are summarized inTable 1. Compared with the undoped
samples, the relative high surface area of doped sample con-
firms that the frameworks of mesoporous TiO2 have better
thermal stabilities. This may be attributed to the presence
of lanthanum oxide distributed on the TiO2 matrix, which is
beneficial for the effectively enhancing surface area of TiO2
particles as reported by earlier studies[25,32,33]. The La3+

should mainly distribute on the surface of TiO2 because the
radius (0.1016 nm) of doped La3+ is larger than that of Ti4+

(0.068 nm). The slow rate of grain growth for doped TiO2 may
be attributed to the presence of interstitial lanthanum ions
due to the La3+ ions inhibit grain growth by restricting direct
contact of grains[32]. Gopalan and Lin[33] reported the evo-
lution of pore structure and anatase phase stability as a result
of the addition of La2O3. The anatase phase is stable up to
650◦C, and this is explained by possible monolayer coverage
of lanthana over TiO2. Warrier and co-workers also reported
that the surface area of lanthanum doped TiO2 nanocrys-
talline was increased by 25% compared to undoped one. The
rutile transformation temperature increased to 850◦C in the
presence of La2O3 from that of pure TiO2 at 650◦C [25].
Therefore, the thermal stabilities of anatase phase and nano-
crystalline sizes as well as the mesostructures of doped sam-
ple can be attributed to the lanthana doping and the existence
o tallite
w

Fig. 6. The photocatalytic properties of doped and undoped TiO2 samples
as-prepared and calcined at different temperature as well as the P25 nanopar-
ticles (RB,c0 = 1.0× 10−5 M, pH 6.0) after 90 min UV-light radiation.

The photocatalytic activity of the obtained lanthanum
doped TiO2 nanopowders was detected by the degradation
of RB aqueous solution under UV irradiation. For compari-
son, the photocatalytic activity of the undoped samples and
commercial P25 was also measured under identical con-
ditions. The experimental results clearly demonstrate that
the degradation of RB is increased upon prolong the irra-
diation time.Fig. 6 shows the degradation rates of various
samples after 90 min irradiation. Compared with undoped
samples and P25, the optimum reactivity is observed at the
doped sample calcined at 300◦C, which causes 94% RB
to be degraded after 90 min irradiation. The photoactivity
gradually decreased with further increases in calcinations
temperature. However, all of the doped and undoped sam-
ples show better activity than Deguess P25. The improved
photocatalytic activity should have some implications for the
specific microstructures in the present route, which will be
discussed preliminarily in the following section.

4. Discussion

There is no any ordered mesophase observed in the present
system. The previous results on ordered mesophase and/or
mixed mesophase, however, has been reported in many papers
along with the titania/CTAB literature[7,8,14,15]. It was
s the

F nda (B ples: (a) as-
s

f large amount of mesopores between the nanocrys
all.

ig. 5. N2 adsorption–desorption isotherms and Barret–Joyner–Hale
ynthesized, and calcined at (b) 300◦C, (c) 500◦C.
hown that in a TiOSO4/CTAB composite mesophase,

JH) pore size distribution plots of the obtained lanthana-doped sam
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initial step is a rapid formation (<300 ms) of either a pure
lamellar, hexagonal, or a mixed mesophase with a low degree
of condensation, depending on the chain length of the surfac-
tant as well as on the ionic strength of the solution[14,15].
However, due to the present closed hydrothermal experi-
ment, in which the initial reactants and the final products was
present at pH < 1, as well as the lower concentration of sur-
factant, we can only obtain the nanoparticles with disordered
mesostructure rather than long-range ordered mesophase
[20c].

The surface areas and pore sizes of the obtained sam-
ples allow for comparison with previous work: Antonelli and
Ying [34] (200 m2 g−1, 3.2 nm, calcined at 400◦C), Stone
and Davis[8] (300 m2 g−1, 2.4 nm, calcined at 400◦C), Blan-
chard et al.[15] (350 m2 g−1, 2.1 nm, calcined at 350◦C). It is
well known that a large amount of uncondensed Ti–OH exists
on the surface of the amorphous mesoporous TiO2. Dur-
ing calcination, the rapid reactions between the uncondensed
Ti–OH would cause the walls of mesoporous TiO2 to col-
lapse. It has been reported that post-hydrothermal treatment
of sol–gel derived gels can be applied to crystallize amor-
phous TiO2 into anatase and stabilize mesoporous structure
TiO2 [20]. In the present work, the hydrothermal treatment is
also beneficial for crystallizing porous wall into the anatase
and effectively increasing its thermal stability, thus prevent-
ing the mesopores from collapse. The obtained materials
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can supply a great number of the surface states available to
adsorb hydroxide and combine with RB.

By examining the photocatalytic activity changes at dif-
ferent temperatures, this clear enhancement of degradation
rate, however, is probably not just a consequence of enrich-
ment of RB at the surface of mesoporous nanosized TiO2. It
can be found that the photocatalytic activity increased when
the calcination temperature is increased to 300◦C. Compared
with the as-synthesized sample, the sample calcined at 300◦C
possesses reduced surface area but a more excellent crys-
tallinity, as indicated inFig. 1 andTable 1. Therefore, we
think that the degree of crystallinity also played an impor-
tant role in the photoactivity of TiO2. Previous researchers
showed that polycrystalline samples of TiO2 have high pho-
todegradation rates as compared with amorphous forms[36].
Ohtani et al. determined that the photocatalytic activity of
TiO2 with a constant particle size increased linearly with
the fractional crystallinity of anatase[16]. Apparently, crys-
tallinity and photoactivity are inextricably linked. While the
photodegradation activity slightly reduced when the calci-
nation temperature is increased from 300 to 500◦C. This
reduction of photocatalytic activity may be attributed to the
extensive decreases of specific surface area, as described in
Table 1. Together with the reduction of surface areas, the
crystalline growth of anatase probably brings about the activ-
ity reduction of samples caicined at above 500◦C. Based on
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he high photocatalytic activity of the obtained samples h
The mechanism of TiO2-photocatalyzed reactions h

een the subject of extensive research[25–27,35]. It is widely
ecognized that the surface-adsorbed water and hyd
roups can act as photoexcited hole traps on the ca
urface and produce hydroxyl radicals, which are pow
xidants in degrading organics[21,35]. For effective degra
ation, the organic material should be pre-concentrat

he semiconductor surface in order to effectively trap
espective reactive radicals. Concentration of the org
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y selective doping of the semiconductor[26]. Lanthanide
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ore adsorption sites, making them more efficient catal
he enhanced photocatalytic activities of TiO2 doped by rare
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xides were also reported[26]. Also, Lin and Yu[27] reported
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herefore, compared with that of undoped samples and

he enhancement of degradation activity of doped sam
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ure. Further studies are necessary to clarify the effects o
urface area, doping, microstructure, and crystalline co
ition of TiO2 on the photocatalytic activity.

. Conclusions

Mesoporous lanthana-doped TiO2 nanosized powde
ith high surface area and stable anatase wall was pre
y using CTAB as directing-agent and pore-forming ag
ia a hydrothermal processes. Most organic compoun
esoporous nanosized powders could be removed by a

xchange process. Hydrothermal treatment crystallized
ers into anatase without destroying the mesostructure

ncreased the surface area of the powders significa
he obtained mesoporous doped TiO2 nanopowders exhibi
igher photocatalytic activity than the undoped sample
25. The high photocatalytic activity of the calcined me
orous lanthana-doped TiO2 nanosized powders is relat

o its larger surface area, as well as more active site
ombining with organic compound due to the present of
hanum ion in the high thermal stable mesostructures T2.
he La2O3 doped mesoporous materials with anatase
resented here could have potential for use in photocata
hotoelectrocialchemical applications.
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