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Abstract

Extensive research has been conducted on enhancing the photocatalytic activity of Lanthanum titanium oxide
(LazTi207) based photocatalysts. However, these photocatalysts were found to be inactive under visible light. To
address this limitation, a modification was developed by co-doping Fe and Cr on La3zTi2O7 to enable visible light
driven photocatalytic response. The calcination of (Fe,Cr) LasTi2O7 was carried out under nitrogen atmosphere at
various temperatures for 24 h. The results showed that the (Fe,Cr)-LazTi207 calcined at 1250 °C for 24 h exhibited
the highest methylene blue degradation under visible light. Synchrotron X-ray absorption spectroscopy indicated
that Fe and Cr were substitutionally located adjacent to the Ti atom within the LasTi207 structure. This metal
substitutionally facilitated electron transfer and perturbed the p-d hybridization by modifying the local electronic
structure of the surrounding oxygen atoms and transition metal ions, thereby reducing the band gap energy and
enhancing the photocatalytic capability.
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1. Introduction catalytic process for efficient conversion [2,3].
Typically, photocatalytic efficiency is active un-

The use of photocatalysts in various applica- der Ultraviolet (UV) region due the high energy

tions related to the environment and energy has
been widely researched for decades due to its
prominent property of photocatalytic activity
[1]. The number of publications in this field con-
tinues to rise each year, with over 1000 peer-
reviewed publications per year. One of the main
areas of focus in renewable and sustainable en-
ergy is solar energy, which relies on the photo-
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in this region can excite electrons from the va-
lence band to the conduction band, which initi-
ates a redox reaction. The excited electrons
(ecB) in the conduction band react with oxygen
(O2), for the valence band has left the positive
holes (h*vB) obtaining water oxidation as the for-
mation of active species: hydroxyl radical
(OH*+), hydrogen peroxide, superoxide (O2*),
etc. [4=T]. The layered perovskite structure,
which has a general formula of A2B207, possess-
es a unique electronic configuration that allows
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it to exhibit photocatalytic performance when
highly donor-doped. This structure is also high-
ly stable and can participate in redox reactions.
One notable member of this structure is
LasTi2O7, which has demonstrated high effi-
ciency in photocatalytic water splitting to pro-
duce Hz and Os. Furthermore, various applica-
tions of LasTi2O7 are used: decomposed isopro-
pyl alcohol, decomposition of harmful organics,
evolution of H: from water-ethanol solution,
etc. Moreover, LasTi207 contains hypervalent
La atoms within its layered perovskite struc-
ture. It is worth noting that La<Ti2O7 exhibits
efficient photocatalytic activity under the UV
region, as it has a large band gap energy of ap-
proximately 3.8 eV [8—13].

Researchers are attempting to enhance the
photocatalytic properties of LasTi2O7 in the vis-
ible light region by introducing cationic doping
with transition metals. This process can extend
the electronic configuration of La2Ti2O7 to-
wards band-edge photoresponse and narrow
the band gap energy for visible light irradiation
[14,15]. However, the incorporation of a single
cation into a crystal structure has limitations
in reducing the band gap energy due to the ex-
istence of an unoccupied impurity state. To
overcome this limitation, scientists have resort-
ed to codoping, a method that involves the sim-
ultaneous doping of two cations into the crystal
structure. Codoping has been shown to enhance
photocatalytic activity by maintaining charge
balance, facilitating high carrier mobility, and
achieving a desirable degree of band gap nar-
rowing [16,17]. Fe and Cr codoping is a promis-
ing candidate for enhancing the photocatalytic
activity of visible light driven LasTi2O7 through
cation doping [18]. High purity LasTi2O7 was
prepared by sol-gel method [19,20] with Fe and
Cr being doped as cations during the initial
preparation. Calcination was performed at dif-
ferent temperatures under a nitrogen atmos-
phere. The photocatalytic activity was analyzed
using UV-Vis spectroscopy to investigate the
degradation of methyl blue (MB). The synchro-
tron technique of Extended X-ray Absorption
Fine Structure (EXAFS) was used for deter-
mine the neighbor atoms in the LasTi207 lattice
structure.

2. Materials and Methods

2.1 Preparation of Photocatalytic Powder by Sol
-gel Method

Photocatalytic powders (La2Ti207) were pre-
pared by sol-gel method [21] as following step.
Firstly, preparation of the precursor solution by
dissolve 0.476 g of titaniumbutoxide

(CeH3604Ti, Sigma-Aldrich) in 31.002 g of eth-
ylene glycol (C2HeO2, QreC), Solution A. Solu-
tion B was prepared by dissolving 29.283 g of
citric acid (CéHsO7, Sigma- Aldrich) into 28 mL
of di-water. Then solution A and B were mixed
together by continuous stirring at 50 °C for 2 h
to obtain solution C. Next, 0.0286 g of the iron
(III) nitrate (Fe(NOs)3.9H20, Sigma-Aldrich),
6.1247 g of Lanthanum(IIl) nitrate hexahy-
drate (La(NOs3)3.6H20, Sigma-Aldrich) and
0.0283 g of Chromium(IIl) nitrate
(Cr(NOs3)3.9H20, Sigma-Aldrich) were added in-
to solution C and the mixture was heated to
130 °C for 8 h, resulting in the formation of a
gel. The molar percent of Cr and Fe corre-
sponding to Ti presented in the reaction are
0.005% Fe and 0.005% Cr. The calcination tem-
perature of the obtained gel was increased
gradually up to 350 °C and held for 2 h, fol-
lowed by heating up to 1150 °C at a rate of 5
°C/min and holding for 2 h. In this state, the
powder turned into a pale pink color, which is
referred to as FeCrLTO. To investigate the ef-
fect of calcination temperature on the proper-
ties of FeCrLTO, the powder was subjected to
calcination in a tube furnace under a nitrogen
atmosphere (flow rate 1000 mL/min) for 24 h at
different temperatures: 1150 °C
(FeCrLTO1150_24h), 1250 °C
(FeCrLTO1250_24h), and 1350 °C
(FeCrLTO1350_24h). For comparison, control
samples were calcinated at 1150 °C for 2 h un-
der ambient atmosphere, using the same chem-
ical composition as the experimental samples
(referred to FeCrLTO1150_2h), and without
the addition of Iron(III) nitrate and Chromi-
um(III) nitrate (referred to as LTO1150_2h).

2.2 X-Ray Powder Diffraction (XRD)

The crystal structure of the synthesized
photocatalysts were determined by X-ray dif-
fraction (XRD, BRUKER D2 PHASER). The
characterized conditions used for analysis are
as follows: Cu-Ka radiation (A = 1.5406 A) at
40 kV, 40 mA, scanning range 20.70° degree
(20) with 0.02° step size, and a counting time of
0.2 s/step. Data manipulation and XRD pattern
fitting were performed using Origin Pro 2023
version 10.0.0.154 (Learning Edition)

2.3 Photocatalytic activity

The degradation of photocatalytic activity
was analyzed using methylene blue (MB). The
MB solution was prepared at a concentration of
1.8x10-* M. For each measurement, 0.01 g of
the synthesized photocatalysts powder was
added to 50 mL of the MB solution [22]. The re-
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action was performed in a black box with con-
tinuous stirring while exposed to LED light
(EVE panel square, 18 W, Kenko L41 super pro
(W) filter: light wavelength >400 nm) for a total
of 180 min [23,24]. The photocatalytic activity
was determined by measuring the MB degrada-
tion using UV-Vis spectroscopy (UV-Vis, model:
CARY 300) equipped with a tungsten lamp as
the light source. The wavelength range of the
analysis was set between 300 and 700 nm.
Measurement was done in a transmittance
mode.

Energy band gap (E; was evaluated by
Tauc’s plot which is relative with absorbance
and energy, (ahv)? versus FEg Additionally,
Tauc’s equation calculated Es shown as equa-
tion (1):

(ahv)’ =k(hv-E,) 6)

where, E; 1s the optical energy gap value be-
tween the valence band and the conduction
band, o is the absorption coefficient from the
optical absorption spectrum using the Beer—
Lambert's relation, hv is the absorption energy
(h-Planck constant, v-incident frequency), & is
the band tailing parameter [25].

The percentage of MB degradation was de-
termined value of degradation, show as equa-
tion (2):

%Degradation = (1—absorbance)x100  (2)

where, absorbance is the highest intensity of
UV-Vis analysis at 664 nm.

2.4 X-Ray Absorption Spectroscopy (XAS)

X-ray absorption measurements were car-
ried out at the SUT-NANOTEC-SLRI XAS
beamline (BL5.2) of the Synchrotron Light Re-
search Institute (Public Organization) (SLRI),
Nakhon Ratchasima, Thailand. The synchro-
tron light provides electron energy of 1.2 GeV;
bending magnet; beam current 80-50 mA. The
beam line optics of BL5.2 is equipped with a
double crystal, fixed exit, Ge (220) monochrom-
ator. The beamline possesses an energy range
of 1810-3000 eV, a photon flux of 108-1010 pho-
tons/s/100mA. For Ti K-edge measurement, a
Ti foil was used for energy calibration at 4966
eV on a transmission mode. For La L-edge
measurement, V foil was used for energy cali-
bration at Eo of 5465 eV in transmission mode.
Samples were measured La L-edge X-ray Ab-
sorption Near Edge Spectroscopy (XANES) and
Extended X-ray Absorption Fine Structure
(EXAFS) in fluorescence-mode at Eo of 5483 eV.
XANES measurements were performed in the
rage of =30 eV to 80 eV of Ey, while EXAFS

measurement, the photon energy scan was set
up in a range of —150 eV, —10 eV, 30, and 12k
of Eo with the photon energy step of 5 eV, 0.3
eV, and 0.05k. Samples were measured up to 4
scans. The normalized absorption data were
processed after background subtraction in the
pre-edge and post-edge region, then EXAFS fit-
ting was performed using Athena and Artemis
program in Demeter (version 0.9.26) Athena
[26].

2.5 Field Emission Scanning Electron Micros-
copy (FE-SEM)

The crystal structure was analyzed by a
field-emission scanning electron microscope
(FE-SEM) from Carl Zeiss (model: AURIGA).
The FE-SEM images revealed the shapes and
pores in the crystal structure, and the analysis
was performed with an acceleration voltage of
50 kV, a working distance (WD) of 6.5 mm, and
a magnification of 30k. The identified elements
were analyzed using energy dispersive spec-
troscopy (EDS).

3. Result and Discussion

The crystal phases of synthesized photo-
catalysts show in Figure 1 revealing that all
samples exhibit the La2Ti2O7 crystal phase as
the dominant phase, and no impurities are de-
tected (PDF 81-1066). It is apparent that the
LasTi207 crystal started forming after being
calcined at 1150 °C for 2 h under ambient at-
mosphere. The complete La2Ti2O7 crystal was
found in FeCrLTO1150 24h and FeCrL-
TO1250_24h, which obtained monoclinic (P1)
of LasTi207. However, FeCrLTO1350_24h
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- st '
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Figure 1. X-ray diffraction patterns of synthetic
photocatalytic powder calcinated for 24 h under
nitrogen atmosphere at different temperature;
1150 °C (a), 1250 °C (b), and 1350 °C (c).
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found an extra peak of La4TisO:12 at 20 of
30.255° (PDF 89-4520), suggesting that higher
temperature induce decomposition or phase
transformation from La2Ti2O7 into mix phase of
LasTi207 + LasTis012 [10-13]. In addition, the
co-doping of Fe and Cr did not reveal any impu-
rity phases, suggesting that the Fe and Cr cati-
ons were possibly integrated into the LasTi20v
lattice [21].

The crystal morphologies of the synthesized
photocatalysts were observed using FE-SEM.

The sample calcined at 1150 °C
(FeCr1150_24h) was found to have the small-
est grain size (Figure 2(a)). As the temperature
increased up to 1250 °C (FeCr1250_24h), the
crystal structure became larger and the grain
edges became sharper. In contrast, the sample
calcined at 1350 °C (FeCr1350_24h) showed
disappearing gain edges, which resulted in the
large grain size connecting with the adjacent
grains. The results suggest that changes in the
morphology of co-doped FeCrLTO are induced

Sum Spectrum

Elemests W

0 2 4 6 8 10 12 14 16 18 20
Full Scale 32219 cts Cursor: 20.179 (0 cts) keV

Figure 2. The FE-SEM image (left panel) and energy-dispersive X-ray (EDX) (right panel) of the syn-
thesized photocatalysts calcined under nitrogen atmosphere for 24 h at different temperatures; 1150
°C (FeCrLTO1150_24h) (a), 1250 °C (FeCrLTO1250_24h) (b), 1350 °C (FeCrLTO1350_24h) (c).

Table 1. Elemental composition of synthesized photocatalysts examined by analyzed by FE-SEM using
Energy-Dispersive X-ray (EDX) technique.

Elemental composition (% mass relative)

Sample 0 Ti La Fe Cr

FeCr1150_24h 26.97 10.82 43.01 1.78 17.41
FeCr1250_24h 26.61 12.06 46.11 2.01 13.21
FeCr1350_24h 26.25 11.08 43.53 1.01 18.13
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by the calcination temperature. Although high-
er temperatures are more favored for the for-
mation of perovskite-type crystalline grains
[27], but the temperature should not exceed
1250 °C to avoid adverse effects on the crystal-
linity.

The elemental compositions of synthesized
photocatalysts were analyzed by FE-SEM using
Energy-Dispersive X-ray (EDX) technique. The
EDX spectra of all samples are shown in Figure
2 (right panel), and the percentage of mass rel-
ative to each element is summarized in Table 1.
There was no contamination of the samples
with other elements, as indicated by the peaks
corresponding to O, Ti, La, Fe, and Cr. Moreo-
ver, the results confirm that Fe and Cr are in-
corporated into the crystal structure of
LasTi2O7. Although the content of O and Ti was
similar across all samples, there were slight
variations in the contents of La, Fe, and Cr.
Specifically, the FeCr1250_24h sample exhibit-
ed the highest levels of both La and Fe.

104 MB
(a) LTO1150_2h

FeCrLTO1150_2h

.’l/ FeCrLTO1350_24h

0.5 4

FeCrLTO1150_24h
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Figure 3. UV-VIS spectra of MB degradation
in 180 min by synthesized photocatalysts. (a)
Methylene blue degradation; (b) Degradation
efficiency of catalysts.

The photocatalytic efficiency of the synthe-
sized photocatalysts was evaluated using the
MB degradation method. Visible light was irra-
diated onto the reaction mixture for 180min,
and changes in MB concentration were moni-
tored using UV-Vis spectroscopy at a wave-
length range of 300-700 nm. The highest peak
of MB can be observed clearly at 664nm. The
results showed that FeCrLTO01250_24h exhib-
ited the highest degradation efficiency, show-
ing lower peak absorption compared to other
samples. The degradation efficiency of the
FeCrLTO1350_24h that underwent calcination
at 1350 °C was found to be lower than that of
the catalysts calcinated at other temperatures.
This finding aligns with the XRD pattern ob-
served for the FeCrLTO1350_24h photocata-
lyst, as shown in Figure 3(a). The effeicent dag-
radation of MB found that FeCrLTO1250_24h
incresed upto 42.8%, which was highest dag-
radation of MB, for FeCrLTO1350_24h, FeCrL-
TO1150_24h, FeCrLTO1150_2h and LTO were
38.48%, 31.25%, 15.75% and 10.9%. In addd-
tion, FeCrLTO1250_24h, FeCrLTO1350_24h,
FeCrLTO1150_24h were still higher efficiency
than LTO and FeCrLTO1150_2h, see Figure
3(b).

Figure 4 shows Tauc's plot extrapolation
used to determine the optical bandgap energy
(Es) of the synthesized photocatalysts. The
FeCrLTO1250_24h photocatalyst has the low-
est E; value (2.31 eV), followed by the FeCrL-
TO1150_24h (2.39 eV) and FeCrLTO1350_24h
(2.48 eV), respectively. According to a previous
report [21], the pure La2Ti2O7 photocatalyst

1
\
|
|
\

(ahv)?

1 -
2.2 2.4 2.6 2.8 3.0 3.2 3.4
Energy (eV)

Figure 4. The optical bandgap energy (E,) pre-
sented in Tauc’s plot extrapolation of FeCrL-
T01250_24h (E; = 2.31) (a), FeCrLTO1150_24h
(Es = 2.39) (b), FeCrLLTO1350_24h (E, = 2.48)
(¢), FeCrLTO1150_2h (E, = 2.84) (d), and
LTO1150_2h (E; = 3.18) (e).
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has a large band gap energy of approximately
3.8 eV, which is activated by UV irradiation.
The results of this study suggest that co-doping
Fe and Cr into LasTi207 and calcinating the
material at a high temperature under a nitro-
gen atmosphere for 24 h can reduce the band
gap energy by more than 1 eV. This reduction
in band gap energy allows the material to be
activated under visible light. Additionally, pre-
vious studies have reported that the band gap
energy of LasTisO12 is 4.09 eV [28,29]. As the
FeCrLLTO1350_24h photocatalyst contains a
mixed phase of both LazTizO7 and LasTizO1z, it
exhibits a higher E, value than the other sam-
ples. Successful co-dope of Cr and Fe into pho-
tocatalyst was reported to increase catalytic ac-
tivities [21,30].

XAS measurement was performed to inves-
tigate the electronic structure and local struc-
ture of synthesized La:Ti207 photocatalysts.
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Figure 5. La Ls-edge XANES spectra of synthe-
sized photocatalysts and the magnification of
the white line region (a). The unsmoothed £k3-
weighted of La Ls-edge EXAFS of synthesized
photocatalysts (b).

The XANES spectra of La Ls-edge of all sam-
ples show similar feature but different in terms
of peak height (Figure 5). The white line
(5490.82 eV) observed in the La Ls-edge spec-
tra describes the origin of electric transition of
2psi2 electrons to the 5p or 5d state. The strong
and symmetrical white line indicates that
there was no deformation of the local structure.
The EXAFS k2 weight spectra (Figure 5(b))
supported the XANES results, demonstrating a
similar k2 weight patterns. The FeCrL-
TO1150_2h sample had the highest white line
intensity (Figure 5(b), while the FeCrL-
TO1250_24h and FeCrLTO1150_24h had the
lowest intensity. These findings imply that the
co-doping of Fe and Cr in the La2Ti2O7 struc-
ture in different temperature can impact the p-
d hybridization by modifying the local electron-
ic structure of the surrounding oxygen atoms
and transition metal ions.
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Figure 6. Ti K-edge XANES spectra of synthe-
sized photocatalysts (a) and the magnification
of the white line region. The unsmoothed #k3-
weighted of Ti K-edge EXAFS of synthesized
photocatalysts (b).
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Ti K-edge spectrum of all synthesized
LasTi2O7 photocatalysts show similar spectrum
feature. The absorption edge position (4981.91
eV) remained unchanged, signifying that the
valence state of Ti did not alter as a conse-
quence of calcination process. The oxidation
state of all samples is in the form of Ti4*. All
samples shared the same white line position of
4985.37 eV attributing to the 1s to 3p (or 4p)
states dipole transitions. The height of this
peak is generally related to the unoccupied or-
bital. FeCrLTO1150_2h sample showed highest
intensity, which means the highest unoccupied
p orbital, while FeCrLTO1250_24h had the
lowest intensity. This suggests that doping Fe
and Cr into La2Ti207 at 1250 °C in an N2 at-
mosphere may have perturbed the occupancy of
the electron p orbital (Figure 6). The Ti K-edge
EXAFS functions in the K space and R space of
synthesized photocatalysts are mostly aligned
at the same position, except FeCrLTO1250_24h
which showed peak shift in k2 weight space

(Figure 6). These findings demonstrate a trans-
formation of the local structures of Ti atoms in
FeCrLa2Ti207 structure.

Since the XRD patterns of the synthesized
photocatalysts predominantly exhibited the
La2Ti2O7 structure, this structure was em-
ployed for the EXAFS fitting. The EXAFS best-
fit parameters of LTO samples to La2Ti2O7
were listed in Table 2. The nearest neighbour
atom of Ti corresponded to the oxygen in Ti—O
shells with 6 coordination. The Ti—La shells al-
so contained 6 coordinated atoms. The R space
(Figure 7) identified 3 peak positions: (Peak 1)
Ti—0(1-3) (~2 A), (Peak 2): Ti-O(4-5) (~2.3-2.5
A), (Peak 3) Ti—La (~3.3-3.7 A). It is notewor-
thy that the intensity of Peak 2 in FeCrL-
TO1250_24h was higher than that of Peak 3,
which differed from the other samples. There-
fore, EXAFS fitting cannot be wholly matched
with La2Ti207 structure. The extra paths of
Ti—-Fe and Ti—Cr were introduced to LasTiz07
structure for EXAFS fitting. The perfect fitting

Table 2. The EXAFS best-fit parameters of LTO samples.

Fit parameter LTO1150 2h FeCrLTO1150 2h FeCrLTO1150 24h FeCrLTO01250 24h

R factor 0.00682 0.0080399 0.0080399 0.0081609
SO2 0.873 0.873 0.873 0.814
Delta Eo 1.5534 0.978 0.978 2.032
R@) Ti-01 N=1 1.97097 1.98446 1.98861 2.02939
Ti—02 N=1 2.14025 2.1525 2.12481 1.98773
Ti—-03 N=2 1.90673 1.90367 1.89527 1.94938
Ti—04 N=1 2.29333 2.33259 2.33259 2.29319
Ti—-05 N=1 2.4969 2.53234 2.53304 2.47567
Ti-Lal N=1 3.42331 3.4337 3.46541 3.3569
Ti-La2 N=2 3.70544 3.53227 3.656604 3.73304
Ti-La3 N=1 3.48902 3.6486 3.6786 3.54595
Ti-La4 N=1 3.61854 3.43632 3.41716 3.36572
Ti-La5 N=1 3.3877 3.30016 3.28831 3.10888
Ti-Fe N=0.372 - - - 2.66832
Ti-Cr N=0.744 - - - 2.63988
o2 Ti—-01 N=1 0.00286 0.00286 0.00286 0.002
Ti-02 N=1 0.00634 0.00634 0.00634 0.0634
Ti-03 N=2 0.00554 0.00554 0.00554 0.00554
Ti-04 N=1 0.00554 0.00554 0.00554 0.00554
Ti—-05 N=1 0.00443 0.00211 0.00211 0.0078
Ti-Lal N=1 0.00228 0.00027 0.00027 0.0034
Ti-La2 N=2 0.00645 0.0069 0.0069 0.00137
Ti-La3 N=1 0.00144 0.00645 0.00645 0.00399
Ti-La4 N=1 0.0069 0.00144 0.00144 0.00183
Ti-La5 N=1 0.00576 0.0069 0.0069 0.00003
Ti-Fe N=0.372 - - - 0.00555
Ti—-Cr N=0.744 - - - 0.00842
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was exhibited in the Ti—Fe degeneracy of 0.372
and Ti—Cr degeneracy of 0.744. The inter-
atomic distance of Ti—-Fe and Ti—Cr are 2.67 A
and 2.64 A, respectively. The evidence implied
that the substituted Fe and Cr atom was posi-

—
under nitrogen
atmosphere
FeCrLTO
e e

Fe and Cr substitute
h'

Scheme 1. Model of photocatalytic activities of

synthesized FeCrLTO and FeCrLTO under ni-
trogen atmosphere for waste water treatment.
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tioned adjacent to the Ti atom in La2Ti2O7
structure but not the La atom. In LasTi207, the
Ti atom acts as the photoactive center, absorb-
ing photons and promoting electrons to higher
energy levels. The presence of substituted Fe
and Cr atoms adjacent to the Ti atom can in-
duce electron transfer from these metal atoms
to the Ti atom, thus facilitating the separation
of electron-hole pairs and improving the photo-
catalytic efficiency.

The substituted doping of Cr and Fe in the
LazTi207 structure can affect the p-d hybridiza-
tion between the oxygen 2p orbitals and the
transition metal 3d orbitals, as indicated by
the XANES results. The 3d orbitals of Cr and
Fe have partially filled electrons that can inter-
act with the 2p orbitals of the surrounding oxy-
gen atoms, leading to hybridization between
these orbitals. This interaction can then cause
changes in the electronic structure of the near-
by oxygen atoms and Ti ions, ultimately affect-
ing the p-d hybridization. Therefore, substitut-
ed doping of Cr and Fe in the La2Ti207 struc-
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Figure 7. Ti K-edge EXAFS of synthesized photocatalysts with fits taken from the La2Ti2O7 model. (a)
LTO1150_2h, (b) FeCrLTO1150_2h, (c) FeCrLTO1150_24h, (d) FeCrLLTO1250_24h. Upper graph is the
k3-weighted EXAFS. Lower graph is the Fourier transforms of the EXAFS signals in R space. Phase

shifts were not corrected.
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ture can lead to changes in their optical and
photocatalytic properties (Scheme 1). These
changes reduce the band gap of the photocata-
lysts, causing their absorption spectrum to
shift and ultimately improve their photocata-
lytic performance. Extensive research has been
conducted on the use of orbital hybridization to
regulate the electronic structures and surface
chemisorption properties of transition metals
in order to enhance the performance of cata-
lysts [31]. Moreover, calcination under a N2 at-
mosphere can be used to control the oxygen
content of the material and to prevent oxida-
tion or reduction reactions that could alter the
electronic properties of (Fe,Cr) co-doping
LasTi207.

4. Conclusion

The sol-gel method is appropriate prepara-
tion for La2Ti2O7-based photocatalysts that can
be activated by visible light, the optimal ap-
proach with co-doping of Fe and Cr at the con-
centration of 0.005 molar percent correspond-
ing to Ti atom. The calcination process was car-
ried out under an N2 atmosphere to control the
oxygen concentration of the material and pre-
vent the oxidation and reduction reactions that
could modify the electronic characteristics of
the (Fe,Cr) co-doped LasTi2O7. The heating
temperature of 1250 °C for 24 h was provided
the best photocatalytic efficiency. Fe and Cr
was found to be substituted into the lattice
sites of the photocatalysts. The Fe and Cr sub-
stitution leads to the transfer of electrons from
Fe and Cr metal atoms to the Ti atom, thus fa-
cilitating the separation of electron-hole pairs
and improving the photocatalytic efficiency.
Additionally, Fe and Cr alter the p-d hybridiza-
tion within the LasTi2O7 lattice, resulting in a
reduction of the band gap and the absorption of
lower energy.
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