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a b s t r a c t
In this report, SrTi(1 − x)Fe(x)O(3 − δ) photocatalyst powder was synthesized by a high temperature solid state
reaction method. The morphology, crystalline structures of obtained samples, was characterized by X-ray diffraction (XRD), scanning electron microscope (SEM), and transmission electron microscopy (TEM), respectively. The electronic properties and local structure of the perovskite STFx (0 ≤ x ≤ 1) systems have been
probed by extended X-ray absorption ﬁne structure (EXAFS) spectroscopy. The effects of iron doping level
x (x = 0–1) on the crystal structure and chemical state of the STFx have been investigated by X-ray photoelectron spectroscopy and the valence band edges for electronic band gaps were obtained for STFx by ultraviolet
photoelectron spectroscopy (UPS). A single cubic perovskite phase of STFx oxide was successfully obtained at
1200 °C for 24 h by the solid state reaction method. The XPS results showed that the iron present in the STFx
perovskite structure is composed of a mixture of Fe3+ and Fe 4+ (SrTi(1 − x)[Fe3+, Fe 4+](x)O(3 − δ)). When the
content x of iron doping was increased, the amount of Fe 3+ and Fe4+ increased signiﬁcantly and the oxygen
lattice decreased on the surface of STFx oxide. The UPS data has conﬁrmed that with more substitution of iron,
the position of the valence band decreased.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
The perovskite-type oxides are well known among the metal
oxide photocatalysts for having the important characteristics of partial substitution of the cations at both the A and B sites of ABO3 and
the ability to maintain stable mixed oxidation states or unusual oxidation states in the crystal structure. For example if the Cr (Fe) cations are alternatively doped at the Sr 2+ site rather than the Ti 4+
site, different photo physical and photocatalytic properties would be
obtained. A wide range of cations and valences can be accommodated
in this simple crystal structure due to the susceptibility of partial substitution at both the A and B sites, and so rendering perovskite to various ﬂexible chemical tailoring [1]. As a typical ABO3 type perovskite,
SrTiO3 has been known as a photocatalyst capable of decomposing
H2O into H2 and O2 without applying an external bias potential
[2,3]. In recent years, many perovskite materials were studied, and
the results of these reports on the ABO3 that contained transition
metal ions (B) presented an interesting range of electrical properties.
⁎ Corresponding author at: School of Electrical and Electronic Engineering, Nanyang
Technological University, 50 Nanyang Avenue, Singapore 639798, Singapore. Tel.: + 65
935 395 47.
E-mail addresses: moha0094@e.ntu.edu.sg, Mgh@illinois.edu (M. Ghaffari).
0039-6028/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.susc.2011.12.013

Perovskite structure material are used in a wide range of applications
such as catalysis [1,4], photocatalysis [5,6], fuel cells [7], magnetooptics [8,9], and in spin valves [10]. The stability of perovskite materials at high temperatures and in chemically aggressive atmospheres
has made these materials such as SrTiO3 and BrTiO3 suitable as gassensor materials [11,12].
Strontium Titanate Ferrite, STFx, has a continuous solid state solution between strontium ferrite, SrFeO3 and strontium titanate, SrTiO3.
The existence of oxygen vacancies in STFx is unavoidable because in
this structure, when the iron atoms were replaced with the titanium
atom and due to the difference in their preferential oxidation states
(+4 for Ti and + 3 for Fe), oxygen vacancies were formed in order
to maintain charge balance in the system[13,14]. STFx has found
vast applications in oxygen sensor [14–16], hydrocarbon sensor
[17], fuel cell [16,18], oxygen separation membranes [19] and phase
shifters in communication systems [20], however the STFx compound
is yet to be fully understood and more research is needed.
This paper describes a simple procedure for the synthesis of STFx
series (x = 0~1), with x at 0.2 interval, by a high temperature solid
state reaction process (1200 °C, two cycles in oxygen ambient with
ﬂow rate of 150 sccm). Next, the surface chemical states of the synthesized STFx samples were characterized by XPS and UPS in order
to elucidate the structure with a different doping of iron in the
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3. Results and discussion

STF 0.2

3.1. Structure and microstructure analysis
The XRD analysis was performed for STFx powders for x varying
from 0 to 1 and shown in Fig. 1(a). All peaks were indexed, indicating
that Fe is dissolved within the crystal lattice of the SrTiO3 compound.
All the diffraction peaks can be indexed by standard card number of
91062-ICSD, indicating the continuous solid solution of Fe in SrTiO3.
The XRD peaks shift to a higher diffraction angle with increasing Fe
concentrations, which is evidence for the increasing substitutional
doping of Fe in STFx (Fig. 1(b)). The ionic radius of Fe 3+ (0.585 ) is
smaller than Ti 4+ (0.605 ), hence doping of Fe leads to a decreased
lattice parameters and interplanar spacing in STF [21] .
The Rietveld reﬁnements of the XRD data were carried out using the
perovskite structure (space group: PM3M) and the 91062-ICSD standard card number to measure the crystallite size, lattice parameter,
strain and oxygen vacancy. Rietveld analysis is a semi-quantitative
method of analyzing the whole diffraction pattern of X-ray or neutron
powder diffraction. For extracting more precise information, a singlenumber integrated intensity Iobs is replaced (i.e. spread out) by a peak
with heights yi along the points of a step scan in 2-theta [22]. Fig. 2
shows the Rietveld pattern determined from X-ray powder diffraction
data for SrFeO3. Plots denote observed data, the red line denotes calculated proﬁles, and the green line denotes the difference. The vertical
lines indicate possible Bragg peaks of the monoclinic SrFeO3 phase.
Table 1 shows the values of the crystallite size, lattice parameter, oxygen vacancy, lattice strain and R-Bragg of STFx compositions obtained
with Rietveld reﬁnement. The doping of Fe can induce a high tendency
of oxidization. Thus, the crystallites size increases as well. Moreover, the
lattice parameter of the samples due to difference of the ionic radius of
the Fe and Ti, decrease from 3.9083 (Å) to 3.8601 (Å). oxygen vacancy
(δ) is a result of charge neutrality. The oxygen vacancy (δ) must
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Strontium carbonates (SrCO3, 99.9%), iron oxide (α-Fe2O3, 98.9%)
and titanium dioxide (anatase TiO2, 99.9%) were commercially
obtained and supplied by Aldrich. The synthesis of STFx powders
(x = 0, 0.2, 0.4, 0.6, 0.8 and 1) was carried out with high temperature
solid state reaction technique. First, strontium carbonate, iron oxide
and titanium dioxide powders were prepared according to the x
value, and then mixed manually in an agate mortar for 15 min. The
mixture was calcinated at 1200 °C for 24 h in oxygen ambient, with
a ﬂow rate of 150 sccm. Next, furnace cooled to room temperature
down and grinded again manually in the agate mortar for 15 min.
The ground powder was further calcinated at 1200 °C for another
24 h and furnace cooled to room temperature in oxygen ambient.
The phase structure of the powders was identiﬁed using a Shimadzu Laboratory XRD-6000 instrument. Powder XRD patterns
were collected over the angular range of 20–80° 2theta using
Bragg–Brentano geometry (Cu Kα source, primary and secondary Soller slits, 0.1 mm divergence slits, 0.3 mm receiving slit and secondary
graphite monochromator). The diffractometer was calibrated using a
laboratory standard (NIST SRM 660a). The surface chemical composition of the powders was monitored by X-ray Photoelectron spectroscopy (XPS) measurements, performed with a Kratos Axis ULTRA
X-ray Photoelectron Spectrometer and an Mg Kα anode (1253.6 eV
photon energy, 15 kV, 300 W) at a take-off angle of 45°. Valence
band UPS experiments were performed using He I (21.22) eV and Al
Kα (1486.6) eV photon lines. Binding energies were calibrated by
measuring the Fermi step position and the Au 4f7/2 core level of a
clean gold ﬁlm.
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SrTiO3 perovskite structure. The crystal structure was examined with
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Fig. 1. (a) XRD patterns of STFx at different x; (b) shift of (011) peaks.

decrease with increasing doping content of Fe to maintain the charge
neutrality of the compound. This is also conﬁrmed by XPS analysis
that will be explained later. The local lattice strain shows a ﬂuctuation
that can be explained by increasing the distortion and mismatch of
the structure with Fe doping.
Fig. 3(a), (b) shows the TEM and SEM images of SrFeO3 (SFO) particles respectively. Selected area electron diffraction (SAED) patterns
conﬁrm the strontium ferrite crystallite (Fig. 3(a)). Fig. 3(a) present
the indexing of SrFeO3 (SFO) powder with [111] zone axis.
3.2. XAFS study
The coordination chemistry of iron (titanium) was of particular interest. Information about the pre-edge features of the X-ray absorption near the edge structure (XANES) region was related to the
d-electron conﬁguration and local symmetry of iron (titanium). The
extended X-ray absorption ﬁne structure (EXAFS) region was used
to probe local geometric structures up to several coordination shells
around iron (titanium) ions, where the Fe–O (Ti–O) distance was of
interest in connection with the valence state of iron. The Fe and Ti
K-edge XANES spectra for the STFx samples at various x (0, 0.2, 0.4,
0.6, 0.8 and 1) are shown in Fig. 4(a) and (b), the standard Fe and
Ti foils are also presented. Fig. 5 shows a schematic representation
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Fig. 2. Rietveld pattern determined from X-ray powder diffraction data for SrFeO3.

of the atomic orbitals for Fe + 3 and Fe + 4 and the expected K-edge XAS
transitions to half occupied or empty orbitals and into the continuum. In
an octahedral crystal ﬁeld, the t2g orbitals occur at lower energy than
the eg orbitals. This is a reﬂection of the orientation of the orbitals
since the t2g are directed between bond axes while the eg point along
bond axes. The Jahn–Teller Theorem predicts that distortions should
occur for any degenerate state, including degeneracy of the t2g level,
however distortions in bond lengths are much more distinctive when
the degenerate electrons are in the e glevel [23,24].
At the K-edge X-ray excitation, electrons of 1s orbitals are transferred to partially occupied or empty states (XANES region) nearby
the Fermi level (3d and 4p-related orbitals), at higher energy X-rays
electrons jump to the continuum (EXAFS region, where the outgoing
electrons are scattered by neighboring atoms) [25–27]. Structural
data on cubic perovskite AB3 (A = Sr, B = Ti, Fe) suggests that 6 oxygen
atoms are observed in the cation ﬁrst coordination sphere in position B.
The second and third coordination spheres contain 8 strontium atoms
and 6 metal atoms, respectively [28]. The pre-edge peaks A and B,
main peaks C and D in Fig. 4(a) can be identiﬁed.
The pre-edge peaks were related to a pure quadrupole origin due
to 1s → 3d transitions in transitional metal oxides [29–31]. Under
careful observation, the peak A for SrTiO3 appears to be actually
made of two peaks. As reported earlier [32,33], A1 is a pure quadrupolar (E2), A2 is partial quadrupolar (and partial dipolar), B is pure dipolar (E1). Even in SrTiO3, a high distortion in TiO6 was observed. A is
lowest for the perfect octahedral TiO6 (Oh symmetry) and can be enhanced by a distortion to Oh due to the loss of centro-symmetry. It
was suggested that the intensity of the peak B is proportional to a displacement of Ti atoms from the center of the TiO6 octahedra [30] but
inversely related to the Ti–O bond length. The peak C is a 4p-related
“shape resonance” in the continuum part of the spectrum and the
peak D is attributed to more delocalized states [34,35]. The XANES
spectra show almost no edge shift as a function of x but its intensity
and shape change systematically with x.

The spectra with low Fe content exhibit the lowest pre-edge peak
A intensities in Fig. 4(a), with increasing Fe contents. Peak A is stronger and not resolved into two peaks, while peak B shifts slightly to
high energy. The peak C also slightly shifts toward high energy. Within
the accuracy limit of XANES, any changes or splitting with the peak A
in Fig. 4(b) is not observable. This may be due to the more closely

Table 1
Crystallite size, lattice parameter, oxygen vacancy, lattice strain and R-Bragg values of
STFx powders calculated from Rietveld reﬁnement.
x in STFx

Crystallite size
(nm)

Lattice parameter
(Å)

Oxygen vacancy
(δ)

Lattice strain
(%)

0
0.2
0.4
0.6
0.8
1

243.6
280.4
320.2
350.5
378.3
445.8

3.908
3.901
3.894
3.884
3.874
3.860

0.0207
0.0735
0.1554
0.2067
0.2466
0.2566

0.0116
0.3519
0.6372
0.4981
0.2377
0.3348

(L)*
(L)*
(L)*
(L)*
(L)*
(L)*

*Strain L means Lorentzian (This described the symmetrical part of an X-ray diffraction
peak).

Fig. 3. (a) TEM micrographs of SrFeO(3 − δ) and SAED patterns could be indexed as
strontium ferrite with [111] zone axis and (b) SEM micrograph of the strontium ferrite
particles at 1200 °C temperatures × 10,000.
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Fig. 4. Ti K-edge (a) and Fe K-edge (b) XANES spectra of the SrFexTi(1 − x)O3 samples at
x = 0, 0.2, 0.4, 0.6, 0.8, 1. The inset in (a) is pre-edge peaks for Ti K-edge and (b) Fe Kedge.

The surface composition of the STFx series samples was characterized by XPS technique. All XPS spectral peaks were ﬁtted with
CASAXPS software. The data analysis involved spectra normalization,
Shirley background subtraction, and curve-ﬁtting Gaussian–Lorentzian (30% Lorentzian) line shapes [36]. Best ﬁts were evaluated
using a root-mean-square measure where line shape, peak width
(full width at half maximum, or FWHM) and binding energy were adjustable parameters. Shirley backgrounds were used in all ﬁts to narrow
scan spectra [37]. As required by theory, O 1s and C 1s spectral lines consist of a single peak (a singlet) whereas the Fe 2p, Ti 2p and Sr 3d spectrum consist of two peaks, a spin-orbit doublet. The C 1s spectral line
was standardized to 285.0 eV and the O 1s, Fe 2p, Ti 2p and Sr 3d spectra
were adjusted to this energy.
To illustrate the spectral features of the STFx series samples, the O
1s, C 1s, Sr 3d, Fe2p and Ti 2p peaks are summarized in Figs. 6 and 7,
respectively. Deconvolution of the O 1s spectra yields three peaks,
namely O 1s a (529.0 eV), O 1s b (531.2 eV) and O 1s c (532.9 eV).
From the literature, the peak at the 532.9 eV is probably due to the
water and hydroxide absorbed on the surface [38–41], while the
peaks at 531.2 eV correspond to carbonate compounds and chemical
Adsorption [42–51]. The main peaks at 529.0 eV (O 1s a) correspond
to the oxygen lattice [19,20,50]. Quantitative analysis has shown that
with increasing iron content in STFx series, the amount of the oxygen
lattice decreases. This observation can be attributed to the partial substitution of Fe with Ti, iron participation with mixed oxidation state of
Fe 3+ to Fe 4+ and the formation of oxygen vacancy that consequently
led to the reduction of the amount of oxygen lattice. The ratio of O 1s
a is presented in Table 2, shows that with increasing iron content this
ratio decreased. This can be explained by the formation of the oxygen
vacancy with Fe occupying the Ti site. Fig. 6(b) shows the detailed
peak scan for C 1s. Three peaks were observed, namely C 1s a
(285 eV), C 1s b (286.1 eV) and C 1s c (289.1 eV). The low binding energy peak at 285 eV with strong intensity is the result of the presence

Fig. 5. Molecular orbital scheme of Fe+ 3 and Fe+ 4 with possible XAS transitions.
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Fig. 6. The core level XPS spectra for STF for x = 0 ~ 1 for (a) O 1s, (b) C 1s.

of adventitious carbon (C–H) [44,45,50], which is due to atmospheric
contamination and is always present on a solid surface that is used as
the calibration reference. The higher binding energy at 286.1 eV is
possibly due to the CO like species (C–O) [44]. The well-deﬁned
peak at 289.1 eV is related to carbonates (O–C–O and/or C = O)
[42,50,52] as a result of the perovskite thermal treatment.
The Sr 3d spectrum can be ﬁtted with three spin-orbital doublet
pairs that originate from different chemical coordination of Sr, namely Sr 3d (a), Sr 3d (b) and Sr 3d (c). The Sr 3d regions were ﬁtted by
doublets with ﬁxed spectroscopic parameters, spin-orbital separation
(1.8 eV) and 3d3/2:3d5/2 branching ratio of 0.667, but with independent and variable full width half maximum (fwhm), positions and intensities, as optimized by the ﬁtting program. The Sr 3d3/2 and 3d5/2
spectrum presents two doublets. The ﬁrst is at binding energies

132.6 and 130.8, the second at 133.7 eV and 131.9 eV, and the third
at 135.6 eV and 133.8 eV (Fig. 7(a)). The main doublet feature centered
at ~133.8 eV is the characteristic of perovskite crystal, while the other
features shift toward lower energy by ~1.8 eV can be attributed to to
SrCO3 and the peak. The peak of Sr 3d (a) at 130.8 eV was observed
only for STF1 which can be attributed to the Sr ions surrounded by vacancies in the oxygen-deﬁcient perovskite structure that is similar to
that of SrO(1 − x). This phenomenon can be explained by the dramatic
increase of Fe3+ and Fe4+ in SrTi(1 − x)[Fe3+, Fe4+](x)O(3 − δ) perovskite
structure [45,53,54]. The peaks at 131.9 eV Sr 3d (b) observed for all
samples correspond to SrCO3 and the peak at 133.80 eV, Sr 3d (c) observed corresponds to Sr (Perovskite) respectively (Fig. 6(a))
[26–28,34]. The Sr/Fe ratio is higher by more than 3-fold than the stoichiometric Sr/Fe = 1 value for STF0, and it decreases slightly with
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Fig. 7. The core level XPS spectra for STF for x = 0 ~ 1 for (a) Sr 3d and (b) Fe 2p.

decreasing O content of the STFx perovskite. This result indicates that Sr
is segregated toward the surface of the samples. It was found that a
Gaussian–Lorentzian (GL) ratio of 30 in the ﬁtting parameters give the
best goodness of ﬁt, χ2 is close to 1. Moreover in Strantium peak ﬁtting
we can assign Sr(a) peak that only for STF1 and if added any other third
peak the Sr(a) and Sr (b) overlapping in the same position.
The nature of the iron species in the STF samples can be determined by deconvoluting the XPS spectra of the Fe 2p spectral regions
(Fig. 7(b)). In all the cases it can be observed the presence of a main
band centered at 710.1 eV accompanied by a secondary one displaced
13.7 eV to higher binding energy (723.8 eV), in addition to a satellite
peak around 719.9 eV conﬁrming the presence of Fe 3+ species in the
surface of all STF samples [55–58].
The Fe 2p XPS region (Fig. 7(b)) shows a doublet of 2p3/2 and
2p1/2. By deconvoluting the Fe 2p spectra, two components can be

obtained. The Gaussian ﬁtting of the peaks into the component of
Fe 3+ and Fe 4+ is also indicated in Fig. 7(b). The peaks at 710.0 eV
(Fe 2p (a)) and 723.9 eV are similar to those reported for Fe 2p
study and the shake-up contribution at about 719.9 eV is consistent
with the presence of Fe 3+. The second doublet peaks appeared at
711.9 eV (Fe 2p (b)) and 725.6 eV could be assigned to Fe 4+.
The ﬁtting results and the ratio of Fe3+ and Fe4+ are presented in
Table 2. It was obvious that iron in STFx perovskite structure participated in the mixture of Fe3+ and Fe4+ (SrTi(1 − x)[Fe3+, Fe4+](x)O(3 − δ))
and with increasing iron dopant the amount of Fe3+ and Fe4+ increased signiﬁcantly. Bocquet et al. investigated the electronic structure of the Fe4+ perovskite oxide SrFeO3 by XPS, and concluded that
the large increase in charge at the Fe site led to a chemical shift to a
higher binding energy [56,58,59]. Moreover with an increasing amount
of Fe4+, the shape of the satellite also changed. P. Mills et al. [41] and
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Table 2
Atomic concentrations calculated from XPS results for STF powders with x = 0 ~ 1.
Elements

Sample

Atomic concentrations (%) for SrTi(1 − x)Fe(x)O(3 − δ) @
different x
x=0

x = 0.2

x = 0.4

x = 0.6

x = 0.8

x=1

Binding energy (eV)
Fe 2p a (Fe3+)
Fe 2p b (Fe4+)
Fe Satt
O 1s a
O 1s b
O 1s c
Ti 2p (Ti4+)
C 1s a
C 1s b
C 1s c
Sr 3d a
Sr 3d b
Sr 3d c
Total
Elements
Ti/Fe
Fe+ 3/Fe+ 4

710.1
711.8
718.2
529
531.2
532.9
457.3
285
286.1
289.1
130.8
131.9
133.8
Ratio
-

0
0
0
20.61
12.45
1.4
5.31
14.85
29.96
1.79
0
0
13.7
100.0

1.34
0.47
0.249
11.3
18.3
2.1
5.42
29.45
18.74
2.22
0
0
10.48
100.0

1.96
0.79
0.14
9.8
19.23
1.83
5.03
37.1
5.7
5
0
7.44
6.04
100.07

3.46
1.69
0.27
5.15
20.16
2.15
3.7
36.7
10.69
3.45
0
7
5.58
100.0

5.02
3.87
0.19
2.82
20.85
2.83
2.24
38.9
4.8
5.07
0
5.03
8.39
100.0

5.36
4.19
0.33
1.62
23.74
1.6
0
40.03
5.8
3.9
0.58
5.6
7.26
100.0

0
0

2.65
2.83

1.75
2.48

0.67
2.05

0.25
1.31

0
1.28

other researchers [42] presented that the position of the satellite state
is the key and ﬁnger print to detect the oxidation state of Fe. The surface oxidation can also be changed by increasing the oxidation state.
For α-Fe2O3, the shake-up satellite peaks located at around 718.2 eV
were approximately 8 eV higher than that of Fe 2p3/2 peak, whereas
the satellite peak for FeO was approximately 6 eV from Fe 2p3/2 peak.
There is no satellite peak observed for Fe3O4 [56,58].
A. E. Bocquet et al. [39] used a p-d charge-transfer cluster-model
calculation to interpret the Fe 2p core levels. They deﬁned the charge
transfer energy Δeff with respect to the lowest multiplet levels of the
d 4 and d 5L conﬁgurations and showed that the charge transfer energy
Δeff is negative. They presented that the shape of the satellite can be
used to detect the oxidation state of Fe. For the Fe 2p core-levels
XPS spectra, strong satellite features were observed for the d 5 compounds with an apparently weaker satellite present for SrFeO3. Similarly, the spectrum for SrFeO3 was primarily composed of main peaks
due to the screened cd 5L states and satellite structure from mixed cd 4
and cd 6L 2 states[59].
The XPS spectra of Ti 2p was also deconvoluted with a pair of
peaks at 457.3 eV and 462.8 eV that attributed to Ti 2p 3/2 and Ti
2p 1/2 respectively and they are separated from each other by
5.7 eV. The XPS studies have also shown that titanium was involved
in this compound as (+ 4) oxidation state.

3.4. UPS studies
Valence band UPS and core level XPS experiments were performed using He I (21.22) eV and Al Kα (1486.6) eV photon lines.
Binding energies were calibrated by measuring the Fermi step position and the Au 4f 7/2 core level of a clean gold ﬁlm. The determination of the position of the valence band (EVB) from the UPS data was
done by using the intersection of the linear extrapolation of the leading edge of the EVB spectrum with the base line. The relationship between the energy levels (EVB, EF, and Evac) and the UPS spectrum of
STFx and Au are shown in Fig. 8. The ﬁgure shows the scale of binding
energy with the Fermi level of Au set at 0 V. The vacuum level (Evac)
should be located at 21.22 eV above the cutoff energy of the spectrum. The work functions of Au based on this deﬁnition were estimated to be 5.1 eV, respectively. According to the UPS spectrum, the
value of the valence band maximum (EVB) is located at 3.19 eV,
2.91 eV, 2.79 eV, 2.39 eV, 1.84 eV below the Fermi level (EB) (0 eV)
for x = 0, 0.2, 0.6, 0.8 and 1 respectively, determined by ﬁtting a
straight line into the leading edge. The secondary electron onset

Fig. 8. Ultraviolet photoelectron spectra (He I) for the surface of SrTi(1 − x)Fe(x)O(3 − δ).

(SO) on the left side of the spectra was measured between 16.4,
16.9 eV, and 17.2 eV for Au, STO and SFO respectively. The work function of SrTiO3 was calculated to be 4.32 (±0.1) eV by subtracting the
secondary electron onset position of the He I UPS spectra from the excitation energy (21.2 eV) [60–65].
A. Rothschild et.al [65,66] reported that with increasing Fe dopant
the UPS spectra, in the range of low binding energies (b25 eV),
showed that the valence band of STFx is broader than that for SrTiO3
and extended closer to the conduction band edge, which corresponded to the reduction in the band-gap energy of these compositions [65,66]. Table 3 presents the analyzed data and results of UPS
measurement.
4. Conclusions
The SrTi(1 − x)Fe(x)O(3 − δ) (STFx) powders for photo catalyst application have been prepared by the high temperature solid state process. The XRD pattern indicated that a single cubic perovskite phase
of STFx powders with x varying from 0 to 1 was successfully synthesized after calcination at 1200 °C for 24 h. The lattice parameter of
STFx calculated from XRD, were in the range of 3.8601 (Å) for
STFx = 0 and 3.9083 (Å) for STF x = 1. The local electronic structure of
SrFexTi(1 − x)O3 (0 ≤ x ≤ 1.0) investigated by XANES showed a dependence on composition as well as on iron oxidation state. The preedge features of the X-ray absorption near edge structure (XANES) region and local symmetry of iron (titanium) was successfully studied.
XPS results showed that Sr ions were in 2+ oxidation state and the existence of SrCO3 on the surface of samples in addition to SrO(1 − x) on the
surface of STFx = 1 was observed. Moreover, the analysis showed that
iron in STFx perovskite structure participated as a mixture of Fe 3+ and
Fe 4+ (SrTi(1 − x)[Fe 3+, Fe 4+](x)O(3 − δ)). With increasing Fe content, the
amount of Fe3+ and Fe4+ increases signiﬁcantly resulting in the formation of the oxygen vacancy. Consequently, with increasing oxygen
vacancy, the amount of oxygen lattice would reduce. The valence
Table 3
The analyzed data and results of UPS measurement.
x in STFx

EVB [with respect to
Fermi level] (eV)

ESO (eV)

EVac (eV)

EVB [with respect
to EVac] (eV)

0
0.2
0.6
0.8
1

3.19
2.91
2.79
2.39
1.84

16.4
16.48
16.71
16.8
16.9

− 4.8
− 4.7
− 4.5
− 4.4
− 4.3

− 7.79
− 7.63
− 7.28
− 6.79
− 6.14
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band positions of STF were determined by UPS. The value of SrTiO3 valence band position (EVB) was reasonably consistent with the results of
previous reported works. Moreover, the change in the band positions of
UPS analysis was in good agreement with the modeling data reported
by A. Rothschild and et.al [65,66]. UPS results further showed that the
Fermi level in the Fe-doped samples was located at 4.82 (±0.1) (for
STF x = 1)–4.32 (±0.1) (for STF x = 0) eV which is below the EVac.
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