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ABSTRACT

The alkaline earth metal titanates are ternary oxides with remarkable properties and applications.
We studied the optical and photocatalytic properties of three alkaline earth metal (Ca, Sr, Ba) tita-
nates obtained by sol-gel method, in order to be used in the treatment of wastewaters. The optical
properties of titanates were determined by UV-visible and photoluminescence spectroscopy. The
band gap energies were calculated using Tauc equation. The morphology of powders was evidenced
by scanning electron microscopy. The photocatalytic properties were tested in the bleaching of
Congo red solutions. The titanates have a satisfactory photocatalytic activity towards the azo dye,
the most efficient photocatalyst being BaTiO, (a photocatalytic activity of 49.11%, after 120 min).

Keywords: Alkaline earth metal; Titanates; Band gap energy; Congo red photodegradation;

Photocatalytic properties

1. Introduction

The titanates of alkaline earth metals, with perovskite
structure, are interesting compounds, in particular with
regard to their optical and electrical properties [1], there-
fore being justified the revived interest in their study. Tita-
nates are piezoelectric or ferroelectric materials widely
used in microwave devices and modern microelectron-
ics, such as multilayer ceramic capacitors, random access
memories, radar, communication systems, pressure trans-
ducers, sound detectors, etc. [2,3]. Because of their high
chemical, structural, and thermal stability, the alkaline
earth metal titanates are also used in various photocatal-
ysis applications, like the water splitting (e.g. Sb and Rh
doped SrTiO, [4], StTiO, in presence of a NiO co-catalyst
[5]), photodegradation of organic dyes like methylene blue
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(e.g. nanopowders of CaTiO,, SrTiO, and BaTiO, [6]) or
other dyes [7-9]. Biocompatibility studies of barium tita-
nate particles on stem cells demonstrated the possibility of
application as nanovectors and enhancement of osteogenic
potential of mesenchymal stem cells for bone regeneration
or, because of non-linear optical properties of BaTiO,, the
nanoparticles can be used in fluorescent probes for biologi-
cal applications and multiphoton microscopy [10]. The syn-
thesis of calcium, strontium and barium titanates by sol-gel
method was extensively reported by Pfaff [1,11,12], but it
was also described in other studies [e.g. 13]. The physical
and chemical properties of titanates are strongly related
with their size, shape, and surface chemistry [2].

The various properties of perovskite oxides (ABO,),
including the alkaline earth metal titanates, could be
traced to their crystal and electronic structures. An ideal
perovskite has a cubic crystal structure, which is composed
of a three dimensional framework of BO, octahedrons
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connected via their vertices, the BO, octahedron being
considered the basic cell. The A-site cation is often alka-
line earth metal or rare earth element, while B-site cation
is often transition metal; B site cation locates in octahedral
vacancy and A site cation fills the 12-coordinate cavities
formed by BO, network [14]. A rigorous understanding of
the structure vs. property relations involves extensive elec-
tronic structure calculations [15], based on density func-
tional theory, but a qualitative understanding is possible
on the basis of chemical bonding considerations [16]. In
the ideal perovskite structure with a cubic symmetry, the
atoms are connected to one another and a relationship was
established between the ionic radii. Thus, for perovskite
oxides can be considered the relation:

rA+rO:\/2(rB+ro) 1)

where r,, 7, and are the ionic radii of A, B and O-site ele-
ments, respectively. The relative ionic size requirements for
stabilizing the cubic structure are quite stringent. Therefore,
slight buckling and distortion can produce several low-
er-symmetry distorted versions, in which the coordination
numbers of the A cations, B cations or both are reduced.
The tolerance factor (t), first introduced by Goldschmidt,
can evaluate the deviation from the ideal structure, being
defined by the following equation [17]:

Ty + 1,

It has been generally accepted that perovskites can be sta-
bilized when t ranges between 0.76 and 1.13, but t = 1 for
the ideal cubic perovskite [18]. If t+ shows deviation from
1, it might indicate the formation of a perovskite structure
of non-ideal type [17]. Afterwards, the octahedral factor

@)

(n, u= '8 for oxides) was also proposed for assessing the
To
stability of a perovskite structure [18,19].

The purpose of our study was to emphasize the rele-
vance of alkaline earth metal for the properties of titanates,
AFTIO, (AF = Ca, Sr, Ba), and their application as photocat-
alysts. We studied CaTiO, [20], SrTiO, [21] and BaTiO, [22]
synthesized by a sol-gel method, in similar experimental
conditions. The considered titanates were previously char-
acterized by X-ray diffraction (XRD) and transmission elec-
tron microscopy (TEM) [20-22]. The optical and electrical
properties, and also the photocatalytic activity of AFTiO,
powders were comparatively discussed, taking into account
the influence of alkaline earth metal and the morphological
characteristics.

2. Experimental
2.1. Materials and synthesis

The high purity reagents were obtained from Sigma-
Aldrich (titanium(IV) butoxide, Ti(OCH,),; strontium
nitrate, Sr(NO,),; barium nitrate, Ba(NO,),; ethylene glycol,
HOCH,CH,OH; ethylenediaminetetraacetic acid, H,EDTA;
nitric acid 63%, HNO,; Congo red) and Merck (calcium

acetate, Ca(CH,COO),xH,O; ammonia solution, NH, 25%;
titanium dioxide, TiO,), being used as received without
further purification. The synthesis of CaTiO, [20], SrTiO,
[21] and BaTiO, [22] was carried out as it was previously
reported.

2.2. Properties of AFTiO, powders

The scanning electron microscopy was performed on
a Hitachi S 2600 N microscope, using an electron beam
accelerated at 500 V to 30 kV. The UV-visible diffuse
reflectance spectra of AFTiO, powders were recorded in the
range of 220-850 nm, on a Jasco V 550 spectrophotometer
with an integrating sphere, using MgO as the reference.
The photoluminescence spectra were recorded on a Jasco
FP-6500 spectrofluorometer.

The photocatalytic properties of AFTiO, samples were
tested in the degradation of Congo red azo dye, using 100
mL of 30 mg/L CR solution and 0.05 g of AFTiO, as catalyst.
For comparison, the same experiments were also performed
using a commercially available TiO, powder. Congo red
(CR, C.I Direct Red 28, M.W. = 696.67 g mol™, C,,H, N,
OS,Na,) is the disodium salt of 3, 3'-([1,1"-biphenyl]-
4,4’-diyl)bis(4-aminonaphthalene-1-sulfonic  acid). The
experiments were performed in the same time with two
samples, in laboratory ambient light and also using an
additional 45 W halogen lamp, which matches with the
solar spectrum, as simulated solar light source (denoted as
“light”). For the photocatalytic experiments, we followed
the previously published procedure [23]. The CR degra-
dation was monitored by UV-vis spectroscopy. The UV-vis
absorption spectra of CR solutions were recorded in the
range of 200-900 nm, on a Jasco V 550 spectrophotometer.
The absorption peaks corresponding to CR appeared at 497
nm, 347 nm and 237 nm [23].

The dye degradation was estimated by C,/C, ratio, where
C,and C, are the concentration of CR at certain time, ¢, and
initial concentration, respectively. The catalyst efficiency was
determined by the photocatalytic activity (PA) [23,24]:

_G=C oo A=A
Co Ay

PA

£.100 3)

where A, A, are the absorbance value for CR solutions
when the reaction time is 0 and ¢, respectively, as it results
from Lambert-Beer law.

3. Results and discussion

The deviations from the ideal structure, calculated on
the basis of the Goldschmidt equation [17] and using the
ionic radii values (N.C. = 6) for Ti** (61 pm), Ca* (100 pm),
Sr** (126 pm), Ba* (142 pm), O* (140 pm) [25], are: {. ., =
0.8443; tomo, = 0.9358; t, . = 0.9921; all three values are in
the rage of perovskite stabﬂity [18]. The structure closest to
ideal cubic perovskite is expected for BaTiO,.

3.1. Morphology of A*TiO, powders

The morphology of AFTiO, powders (Fig. 1) was studied
by scanning electron microscopy (SEM).
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Fig. 1. The SEM images of CaTiO, (a), StTiO, (b) and BaTiO, (c)
powders.

The alkaline earth metal titanates are bulk materials,
with particles dimension over 100 nm. Mixtures of cubic
and rectangular particles were identified for all samples.
Previous studies [26] evidenced three types of shape for
CaTiO, particles and demonstrated that rectangular parti-
cles have a higher photocatalytic activity, superior to that of
cubic and spherical particles.

3.2. UV-Vis spectroscopy

The optical properties of the synthesized AFTiO, pow-
ders were studied by the UV-visible diffuse reflectance and
photoluminescence spectroscopy. The UV-vis absorption
spectra are shown in Fig. 2; for comparison, the spectrum
of a commercial TiO, powder (Merck) was also registered.

The optical properties of perovskites, such as reflectivity
or absorption, can be related with the electronic structure of
the solid through the optical dielectric function. The electric
conduction is three-dimensional along the TiO, network,
which is stable for substitution with alkaline earth metals
[17]. Many of the titanates properties can be understood in
terms of the electronic structure of the TiO, octahedron in
its undistorted form, which is also found in TiO,. The dis-
tortion of TiO, octahedron, which modifies the symmetry,
the fundamental and excites sites, the electronic transitions,
and therefore the electronic spectra of titanates, can be due
to the volume and the electronegativity of A¥(II) ions. How-
ever, the AF site cations in AFTiO, are in general strongly
electropositive and hence they play a secondary role in the
electronic structure. Their size plays often a crucial role in
modifying the TiO, connectivity of the titanate structure
and consequently the electronic structure [16].

The spectra of AFTiO, (AF = Ca, Sr, Ba) are similar to the
TiO, spectrum in the UV domain (Fig. 2). The difference
consists in the position of bands, which can be correlated
with the band gap energy and particles dimension. Thus,
the TiO, spectrum most intense band, at 324 nm, is slightly
shifted to 322 nm (CaTiO,), 343 nm (5rTi0O,), respective 326
nm (BaTiO,).

1.0 4

Absorbance (a.u.)

T T T T T
400 600 800
Wavelength (nm)

Fig. 2. The UV-vis absorption spectra of AFTiO, powders, in
comparison with TiO,.
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The electronic spectra of AFTiO, differ more in the vis-
ible domain. In the CaTiO, spectrum the supplementary
band (compared to TiO, spectrum) is situated at highest
wavelength (491 nm), so at lowest energy, meaning the
lowest energy difference between the new energy levels,
occurring due to the A¥(II) ions. As the alkaline earth metal
volume and the electropositive character increased, the
absorption bands are moved to lower wavelength (403 nm
for SrTiO, and overlapping for BaTiO,) thus higher ener-
gies; for BaTiO, the band is shifted in the UV domain, with
consequences regarding the powder color. Furthermore, a
supplementary band, and thus a supplementary distortion
and splitting, can be observed in BaTiO, spectrum.

3.3. Band gap energy

The initiation of a photocatalytic reaction requires a
minimum photon energy that exceeds the band gap of the
catalyst, therefore reducing the band gap of TiO, and tita-
nates can enhance the photocatalytic performance through
more efficient utilization of lower energy photons [27]. The
importance of band gap energy and the tuning of its value
by the synthesis method was revealed, for example, in
application of alkaline earth metal titanates for solar hydro-
lysis-splitting water into hydrogen and oxygen molecules
using visible light [28]. Due to the large difference in elec-
tronegativity between oxygen and titanium atoms (3.44 vs.
1.54 for Pauling electronegativity) the optical band gaps for
TiO, are slightly above 3 eV (rutile 3.0 eV, anatase 3.4 eV, and
brookite 3.3 eV) [29]. For the same reason, some perovskite
oxides, such as alkaline earth metal titanates, have also wide
band gaps (3-5 eV) [30]. The values for Pauling electroneg-
ativity (y,) of alkaline earth metals are as follows: Ca -y, =
1.00; Sr - x, = 0.95; Ba - y,, = 0.89 [31]. Significant lower band
gaps (1.45-2.15 eV) were determined from UV-vis diffuse
reflectance measurements for other perovskites [18].

Some authors communicated that SrTiO, in its stoichio-
metric form (Sr:Ti:O = 1:1:3) has a 3.2 eV band gap (at T
= 0 K). However, the presence of intrinsic defects, such as
vacancies, and the appearance of extrinsic defects like dop-
ants lead to modifications of the electronic structure and
the electronic conductivity of the material. The p-type con-
ductivity may arise from the incorporation of oxygen into
the impurity induced oxygen vacancies [16]. The band gap
for the SrTiO, film fired at 600°C, obtained by an alterna-
tive method using EDTA, was around 3.4 eV, close to the
reported single crystal value [32].

The band gap energy (E,) of AFTIO powders was esti-
mated from the UV-vis reflectance spectra using the Tauc
relation [33]. The Tauc plot (Fig. 3) can be drawn of (a/hv)?
versus hv, where o is the absorption coefficient of the A*TiO,
at a certain value of wavelength 2, h is Planck’s constant, C
is the proportionality constant, v is the frequency of light.
The point of the extrapolation of the linear part that meets
the abscissa will give the value of the band gap energy of
the material [33].

The E_values increase from BaTiO, to CaTiO,, with the
decrease of the ionic radius and the increase of the electro-
negativity. The E_values for CaTiO,and BaTiO, are higher
to those of TiO,. *The E, value for SrTiO, is expected to be
between those for Ca"lgiO3 and BaTiO,, so the calculated
value can be due to the lattice defects or nonstoichiometry
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Fig. 3. Tauc plots for A*TiO, samples, in comparison with
TiO,.

of SrTiO,. The defect chemistry responsible for accommo-
dating either excess AFO or excess TiO, is currently unclear
[34]. Tt is know that the variation of the A-site cation in
titanates can affect the optical properties by deforming the
TiO, octahedron network. A larger or smaller AF cation can
cause the entire lattice to expand or contract and lead to a
change in the Ti-O bond length, which has been reported to
be important for determining the band gaps [18]. Because
the electronegativity of alkaline earth metal influences the
energy levels in the titanate, and thus the band gap energy,
the highest electronegativity for Ca can explain the highest
energy band for studied alkaline earth titanates.

3.4. Photocatalytic properties

The treatment of wastewaters contaminated with toxic
organic compounds is an issue of high interest for scien-
tists, the use of semiconductor catalysts being a promising
method for the organic pollutants destruction [14]. Among
the semiconductors, TiO, has been considered one of the
most desirable photocatalysts [14,35]. Despite numerous
advantages of TiO, material (like long-term stability, non-
toxic environmental acceptability and broadly low cost
availability), it is photoactive only in the UV region of
the electromagnetic spectrum. The materials which com-
bine the advantages of TiO, with an absorption in visible
domain, such as titanates, can be sustainable alternatives
for TiO, photocatalysts.

The perovskite-type oxide materials have achieved sig-
nificant attention in pollution reduction and environmental
remediation. One advantage of perovskite type structure is
the valence and vacancy control, which enhances their cata-
lytic activity. The mechanism of ABO, perovskite type oxides
in catalytic reactions can be explained by two main features:
(i) the corner shared BO, octahedron network can facilitate
electron and oxygen transfer, ultimately leading to oxygen
non stoichiometry, making perovskites excellent catalysts
for the degradation of pollutant by inducing high reducibil-
ity; (i7) the atoms at A-site of ABO, help the stabilization of
multiple valence states of B site catlon which will make the
electrons of ABO, oxides more active and be excited easily
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by the external energy such as light irradiation and trans-
fer [9,36]. It was reported that in some perovskites, because
of their narrower depletion layers, separation of electrons
and holes is easier in comparison to TiO, [37]. In brief, the
mechanism of azo dyes degradation through photocata-
lytlc processes, as it was described for BaTiO, [38], involves
in the photoexcitation of particles under the illumination,
promoting charge separation with generation of electrons.
The generated electron is promoted from the valence band
to conduction band and the conduction band electron can
migrate to the surface of titanate. Consequently, the oxygen
adsorbed on the surface is able to react with the photoelec-
tron and a series of strong oxidative free radicals is syn-
thesized. The positive charged hole formed in the valence
band can react with H,O to generate -OH radical. The rad-
icals further react with azo dye, producing a whole range
of intermediates till the complete mineralization with the
synthesis of carbon dioxide, water, nitrogen, and anions like
nitrate, ammonium, sulfate and chloride.

The catalytic properties of obtained AFTiO, powders
were demonstrated in the photocatalytic degradatlon of
Congo red solutions. The concentration of CR is estimated
from the intensity of the absorbance band at A = 497 nm,
characteristic to azo bond. The decrease of absorbance band
intensity in UV-visible spectra indicates the disappearance
of CR by breaking up the azo bond (the azo bond degrada-
tion) as a function of irradiation time. The bleaching of the
solutions was estimated by the C,/C, ratio (Fig. 4), using the
CR concentrations calculated from the absorbance values of
the CR solutions.

The catalytic activity is quite similar for the AFTiO, pow-
ders, with minor differences and a small increase with the
illumination of samples. Thus, after 120 min, PA is: 38.60%
(CaTiO,), 44.18% (CaTiO,, light), 33.41% (SrTi0O,), 40.57%
(StTiO,, light), 41.56% (BaTiO,), 49.11% (BaTiO,, light). The
photocatalytic activity of titanates was comparable (for
BaTiO,) or inferior (for CaTiO, and SrTiO,) to that of TiO,
powder, in similar photocatalytic conditions. The bleaching
of azo dye solution in absence of catalyst is insignificant,
namely around 3% after 120 min [40].

The highest photocatalytic activity (Fig. 4) was observed
for BaTiO, with the band gap energy of 3.76 eV, smaller
than for CaTlO The abnormal low value of E_ for SrTiO,
was not sustamed by the photocatalytic activity, but the
increase of photocatalytic activity from CaTiO, to BaTiO,
is in concordance with their optical properties. Once again,
the unexpected results for SrTiO, can be due to its structure.
Most probably, a high concentration of defects in SrTiO,,
which was also suggested by E_value, is a key explanation
for this behavior. It was demonstrated that both intrinsic
and foreign defects are important in photocatalysis. They
act as trappers of electrons and holes, mainly forming the
recombination centers. After the electrons and holes are
photogenerated, the holes can be quickly trapped on sur-
face defects, or transferred to organic species, so the defect
distribution and concentration play an important role in the
electron transport [41].

In addition to the defects, the material morphology also
has an obvious effect on photocatalytic activity [41]. The
SEM images evidenced the irregularity of particles shape
and different ratio between cubic and rectangular particles,
with different photocatalytic activities, which can explain
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Fig. 4. The photocatalytic degradation curves of CR over catalysts
(AFTiO,and TiO,) or no catalyst [39], in different conditions.

the differences in photocatalytic activity of studied pow-
ders. Another explanation involves particles dimension.
The primary particle size of a material influences its pho-
tocatalytic properties, both through specific surface area
and the photon conversion efficiency. During the synthesis,
the particles are agglomerated and the secondary particles
size also influences the photocatalytic process [26]. By TEM
investigation, the secondary particle size (for aggregates)
were determined as mean diameter of measured particles
[42]. The evaluation of mean diameter was performed using
a semi-automated algorithm implemented in the analysis
software. The values were 121.98 nm (CaTiO,) [20], 198.12
nm (SrTiO,) [21] and 105.45 nm (BaTiO,) [22]. The lower
dimension for BaTiO, aggregates, meaning a higher specific
surface area, can be another explanation for its best photo-
catalytic activity. The obviously higher mean diameter for
SrTiO, aggregates can be correlated with a lower surface
area and a lower capacity for adsorption, which justify the
lowest photocatalytic activity. The photocatalytic activity is
also influenced by the solution pH. A suspension of AFTiO,
powder in water involves a high value of pH, which is not
favorable for photocatalytic process [39], but the pH value
was similar for studied titanates (pH = 10). The photocat-
alytic activity determined for AFTiO, was inferior to other
titanates (e.. quaternary oxides like La  Ba ,TiO, . ,[9]), this
property being related with many factors, including the
nature and properties of A site metal.

Congo red, a benzidine-based anionic disazo dye, is toxic
to many organisms and suspected carcinogen and mutagen,
being highly resistant to the biodegradation and its removal
from wastewaters is an important environmental problem
[43]. Benzidine can be one of the CR degradation products,
so the simple breakdown of the azo bonds (the chromo-
phores) is not enough for the environmental safety [44]. As
one can see in Fig. 5, the UV-vis spectra demonstrated that
the CR solution is not only bleached, but the dye is decom-
posed, the intensity of band assigned to aromatic rings in the
electronic spectra decreasing also in time. The ratio between
the intensity of the bands assigned to azo group, respective
to aromatic rings decreased in time, proving a faster break-
down of azo bond in comparison with the degradation of
aromatic rings. In a detailed study, the phenol was identified
as one of aromatic intermediates from photocatalytic degra-
dation of CR over TiO, catalyst [45].
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Fig. 5. The UV-vis spectral changes of RC solution during the
photodegradation over BaTiO, catalyst, as function of time (with
supplementary illumination).

3.5. Photoluminescence spectroscopy

The photoluminescent properties of alkaline earth metal
titanates were investigated by the photoluminescence (PL)
spectroscopy, under excitation with different wavelengths
(Fig. 6). Usually, two emissions (excitonic and trapped pho-
toluminescence) are observed in PL spectra of semiconduc-
tors; the excitonic emission is sharp and found near the
absorption edge, while the trapped emission is broad and
found at higher wavelength [46].

The emission bands at 467 nm (Fig. 5a,b), with the same
wavelength for all titanates, have different intensities. The
values of intensity increase from CaTiO, to SrTiO, and
BaTiO,, with a regular variation. For bands around 286 nm
and 420 nm (Fig. 5a) similar positions were also observed,
but the variation of intensity is irregular, increasing from
SrTiO, to CaTiO, and BaTiO, respective from CaTiO, to
BaTiO, and SrTiO,. The dissimilarity of PL spectra for stud-
ied titanates is most visible for the excitation with a laser
irradiation at wavelength of A = 340 nm. The position of
emission maxima in 350-400 nm domain is different for
SrTiO, spectrum in comparison with CaTiO, and BaTiO,
spectra. An explanation for these differences involves the
existence of defects in SrTiO,.

The relationship between photoluminescent and
photocatalytic properties is complex and must have in
view different types of recombination, which can occur in
titanates. It was demonstrated [47,48] that electrons and
holes are generated under the photoexcitation and the pho-
toexcited electrons transit to the conduction band and fill
the energy levels, which correspond to excitation energy.
These electrons and holes can easily recombine and return
to valence band in different ways, and their energy can
be emitted as photons or phonons. Two types of radiative
transitions can take place: (i) direct radiative transitions,
when excited electrons can transit directly to valence band
with release of energy in the form of light emission, in case
of electrons with higher energy than E and (ii) indirect
radiative transition, when the recombination process occurs
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Fig. 6. PL emission spectra of A*TiO, powders under 265 nm (a)
and 340 nm (b) excitation.

through sublevels in energy band gap (e.g. defect states of
the matrix). In some cases, lower recombination causes
smaller photoluminescence intensity and higher photo-
catalytic activity of semiconductor, but in other cases the
increase of defects amount and oxygen vacancies at the sur-
face allows to obtain higher intensity of photoluminescence
and photocatalytic activity [47-49]. So, most often it is nec-
essary to elaborate an individual model, taking into consid-
eration properties of materials and mechanisms occurring
during both direct and indirect radiative transitions.

3.6. Kinetic study

A detailed analysis of photocatalytic kinetics is compli-
cated because of many processes involved in such heteroge-
neous systems, but many experimental results demonstrated
that the decomposition rates in azo dyes photocatalytic
oxidation over TiO, fitted the widely accepted and used
Langmuir-Hinshelwood (L-H) kinetic model [41,50].

The L-H simplified equation [50,51] can be written in a
linearized form:

InC, =InC, -k, -t 4)

app
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Table 1
Kinetic parameters for photocatalytic degradation of CR over A*TiO,
Kinetic Photocatalyst
parameters CaTiO, CaTiO,, light SITiO, StTiO,, light BaTiO, BaTiO,, light
k,,, (min™) 27107 29107 2.2110° 2.2:107 2.3-10° 2.8-10°
R? 0.958 0.980 0.954 0977 0.941 0.954

where C, is the concentration of CR (mg/L), C, - the initial
value of concentration, t — the illumination time, and kapp
is the pseudo fist order rate constant (min™). The values of
correlation coefficients (R?) for the linear plots of In C, ver-
sus irradiation time confirm a L-H kinetic type. The pseudo
fist order rate constant (kap ) for the photocatalytic degra-
dation of CR was also evafuated from experimental data,
using a linear regression (Table 1).

Similar rate constant values were calculated for all tita-
nates. For CaTiO, and BaTiO, a supplementary illumination
slightly increased the reaction rate. In concordance with
other experimental data presented above, the lowest values
for rate constant were assigned to SrTiO,. The lower values
of rate constant for BaTiO, compared to CaTiO,, in spite of
a superior photocatalytic activity, can be correlated with a
higher adsorption capacity.

4. Conclusions

We tested the photocatalytic properties of alkaline earth
metal titanates in the bleaching of CR solutions, with appli-
cations in the treatment of wastewaters for textile industry.
All three titanates are wide-band semiconductors, with band
gap energies superior (for CaTiO, and BaTiO,) or inferior
(for SrTi0O,) to that of a TiO, sample. The best catalytic activ-
ity was assigned to BaTiO,. The photocatalytic activity can
be correlated with the alkaline earth metal properties (espe-
cially with the volume and electronegativity, which influence
the energy levels and consequently the bang gap energy) and
with the powder morphology, respective the dimension and
shape of particles and their aggregates. A good correlation can
be done for CaTiO, and BaTiO,. The uncharacteristic position
of SrTiO, can be explained, very probably, on the basis of the
lattice defects, as the PL spectra and Eg values also suggested.
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