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Abstract
TiO2/SrTiO3 heterojunction powders were obtained and characterized, and their photocatalytic potential was evaluated. 
The formation of the solid–solid interface was evidenced by secondary-phase formation in the interface region, which was 
observed using transmission electron microscopy. The photocatalytic efficiency of the  TiO2/SrTiO3 heterojunction was higher 
than that of pure  TiO2 and  SrTiO3 samples. The photocatalytic behavior was investigated via scavenger experiments, which 
indicated that the mechanism of charge transfer for the heterojunction was the direct transfer of the electrons at the interface. 
A surface compositional analysis of the materials revealed that effective electronic-transfer properties of the materials are 
more important than the content of pre-adsorbed species on the surface for redox reactions. Photoluminescence spectroscopy 
analyses showed a reduction in the photoluminescent intensity for the heterojunction and emission in distinct regions depend-
ing on the defects formed in the heterojunction. These differences in behavior may be related to the different photocatalytic 
responses observed for pure compounds and heterojunctions; a broad analysis indicates that the mono ( V ⋅

O
 ) and double ( V ⋅⋅

O
 ) 

ionized vacancies affect the performance of the photocatalyst in the degradation of micropollutants.

1 Introduction

New models of oxide materials for applications to multiple 
devices [1, 2], have been constructed using nanometric het-
erojunctions [3, 4]. The  TiO2/SrTiO3 heterojunction is one of 
these. Titanium dioxide  (TiO2) is an n-type semiconductor 
with a bandgap energy of approximately 3.2 eV. It has high 
photocatalytic activity and is inexpensive and non-toxic [5]. 
This material in the anatase crystalline phase has been stud-
ied for photocatalysis owing to the low recombination rate 
of electrons and holes, that is, charge carriers. Upon being 
excited on  TiO2, these charge carriers can follow different 
paths, migrating to the surface of the particle and reacting 

with donor and acceptor molecules of electrons or recom-
bining at both bulk and surface trapping sites. Since the 
recombination and charge-carrier transfer processes follow 
distinct timescales, varying from femtoseconds to micro-
seconds, thus the increases in recombination time allows an 
increase in charge-carrier transfer rate, for the molecules to 
be degraded [6]. Another important feature of  TiO2 photoac-
tivityis its hydrophilicity [7]. This is mainly due to the defect 
states of  Ti4+/Ti3+ in the crystal lattice [6], which facilitate 
the generation of radical species. In addition to the intrinsic 
electronic characteristics of the binary oxide structure, the 
predominance of surface facets (zero- to three-dimensional 
structures) that are exposed to the reaction medium [8], and 
the use of dopants in the crystalline structure [9] influence 
the photoactivity of the material by retarding the charge-
carrier recombination.

The  SrTiO3 (STO) used as the junction in this work is a 
perovskite-type oxide, in which  Sr2+ occupies the vertices 
surrounding the octahedral  [TiO6] cluster at the center of 
a cubic crystalline system [10]. STO is typically an n-type 
semiconductor with a bandgap energy of approximately 
3.2 eV [11]; however, its electronic band potentials differ 
from those of  TiO2, which allows a shift of the absorption 
of light energy and hence the modulation of the optical 
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properties of heterojunction materials [12]. For this perovs-
kite, the valence band (VB) is predominantly composed of 
O 2p orbitals, with a minor contribution of Ti 3d orbitals, 
whereas the conduction band (CB) is mainly composed of 
Ti 3d orbitals and Sr 3d orbitals at higher energies [13–15]. 
Luo et al. [16] evaluated the surface termination at Ti and Sr 
sites for the  SrTiO3 structure and related them to the photo-
catalytic activity for  CO2 reduction. They observed surface 
structural distortions and high activity for photoreduction at 
the Ti surface termination. Kato and Kudo [17] observed that 
electronic transitions between holes in the VB and dopant 
ions, which have photoluminescent behavior, occur more 
easily in the chemical environment of the VB of  SrTiO3 
than in  TiO2. This suggests that the chemical environment 
around the  Ti4+ ions is propitious to the photoactivity and 
that the perovskite STO promotes the electronic transitions 
[8, 9, 16, 17].

In this sense, heterojunctions formed between  SrTiO3 and 
 TiO2 obtained via different processes and their photocata-
lytic responses have been analyzed. The higher photocata-
lytic efficiency of the heterojunction compared with pure 
materials is mainly attributed to the efficient separation of 
photogenerated charge carriers at the interface [18–20]. Ng 
et al. [18] evaluated the growth of  SrTiO3 nanocubes on 
 TiO2 anatase nanowires, in which the  SrTiO3 with a cube-
like morphology contains predominantly Sr on the surface, 
leading to a p-type semiconductor, which captures the pho-
toelectrons generated in the heterojunction. Wang et al. [21] 
prepared heterojunctions by growing colloidal  TiO2 above 
 SrTiO3 and showed that both the semiconductors obtained 
via this process were n-type. The higher photocatalytic activ-
ity was due to the isolation of the charge carriers on opposite 
directions of the heterojunction. Zhang et al. [20] obtained 
 SrTiO3/TiO2 heterojunctions via electrochemical anodiza-
tion that showed high photoelectrochemical performance 
up to a certain  SrTiO3 growth limit on the  TiO2 nanotube. 
They discussed this behavior in relation to the growth and 
dispersion of perovskite nanocrystallites on the binary oxide. 
Therefore, studies on heterojunctions are directly related to 
the processing to which they are submitted, the coupling 
order of the phases, the growth morphology, and the mecha-
nism of charge transfer in the heterojunction.

For the simplest photocatalytic mechanism of binary oxide 
 (TiO2) semiconductors, the photoexcited electrons  (e−) in the 
CB and the holes  (h+) in the VB dominate the beginning of 
the photocatalytic mechanism [22, 23], e.g., for the degrada-
tion of several organic pollutants [5], or the production of bio-
fuels [24]. However, despite the wide field of applications, 
there is a gap related to the mechanism of charge carriers in 
heterojunction materials. In this study, we evaluated the pho-
tocatalytic activity of  TiO2/SrTiO3 heterojunctions for Rho-
damine B (RhB) dye degradation. The charge-carrier transfer 
mechanisms were evaluated for both the pure materials and 

the heterojunction materials. Finally, the electronic behavior of 
the materials was elucidated via spectroscopic analyses of the 
photoelectrons excited by X-rays and photoluminescence (PL).

2  Materials and methods

The preparation of the materials was described in detail by 
Amoresi et al. [12]. According to this method, we prepared 
a Ti sol–gel solution with titanium isopropoxide (Sigma-
Aldrich, 97%), acetic acid (Qhemis, 99.7%), and isopropyl 
alcohol (Vetec, 99.5%), at a molar ratio of 1:4:0.7. Sepa-
rately, we prepared an electrosterically stabilized suspension 
of  SrTiO3 particles previously obtained by Pechini method 
[25], using acrylic acid, 2-methoxyethanol (Sigma-Aldrich, 
99%), isopropyl alcohol (Vetec, 99.5%), and polyvinyl alco-
hol (Vetec, 99%). This electrosterically stabilized suspension 
of  SrTiO3 particles was added to a Ti sol–gel solution to 
obtain heterojunctions with 1 and 5 wt% of  SrTiO3 related to 
 TiO2, and then the mixture was kept at 25 °C under stirring 
for 24 h for gel formation. Subsequently, the gel was dried 
at 100 °C for 24 h in an oven, followed by heat treatment at 
500 °C for 4 h.

The materials were characterized via X-ray diffraction 
(XRD) using a Rigaku-Rint 2000, field-emission scanning 
electron microscopy (FE-SEM) using a JEOL model 7500F, 
and transmission electron microscopy (TEM) using an FEI/
PHILIPS CM120. PL spectra were collected using a Thermo 
Jarrell Ash 27-cm monochromator with a Hamamatsu photo-
multiplier (model R955). A krypton laser (Coherent Innova 
200) with a wavelength output at 350 nm was used as the 
excitation source. X-ray photoelectron spectroscopy (XPS) 
measurements were performed using a Scienta Omicron 
ESCA, with an Al Kα X-ray source. Photocatalytic experi-
ments were performed in a reactor (lamp λmax = 254 nm, 
11W, Osram, Puritec HNS 2G7), with air bubbling and 
constant stirring. Here, 70 mg of photocatalyst (0.1 g L−1) 
was added to 700 mL of an RhB dye solution  (10−5 M), and 
the suspension was kept in an ultrasonic bath for 20 min to 
quickly reach the adsorption/desorption equilibrium. Photo-
catalytic experiments using scavengers as markers to predict 
the degradation mechanism were conducted. The reagents 
used were 2Na-EDTA, p-benzoquinone, and isopropanol. 
All the scavengers were added to the suspension before the 
ultrasonication. Aliquots were withdrawn at certain times, 
centrifuged, and analyzed via absorption spectroscopy using 
a spectrophotometer (Femto Cirrus 80PR) at 554 nm.

3  Results and discussion

The XRD patterns for the samples obtained in this study 
are presented in Fig. 1. The  TiO2 powders show only a 
polycrystalline anatase phase, with the space group I41/
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amd (ICSD no. 9852). The  SrTiO3 powders exhibit a 
pure cubic phase, with the space group Pm-3m (ICSD no. 
23076). The heterojunction  TiO2/1%SrTiO3 shows only the 
anatase phase, which is related to  TiO2. For this sample, 
only  TiO2 peaks are observed, owing to the small amount of 
the  SrTiO3 phase compared with  TiO2. On the other hand, 
for the  TiO2/5%SrTiO3 heterojunction, in addition to the 
anatase-phase peaks of  TiO2, peaks related to the  SrTiO3 
cubic phase were observed. For both heterojunctions, peaks 
were observed with a full width at half maximum greater 
than that of the pure materials. This is attributed to the 
smaller crystallite size of the samples with the insertion of 
the  SrTiO3 phase during the synthesis [26]. Figure 2 shows 
FE-SEM and TEM images of the samples. Figure 2a shows 
FE-SEM images of  TiO2, indicating spherical particles with 
an average particle size of 10 nm. Figure 2b shows FE-SEM 
images of the  SrTiO3 powders, in which a spherical shape 
ranging in size from 50 to 100 nm is observed. The prepara-
tion route for the  TiO2/SrTiO3 heterojunctions resulted in 
particles with a smaller average size compared with the pure 
materials, with values ranging from 7.7 to 10.5 nm, as shown 
in the TEM images of Fig. 2c, d.

Figure 3 shows the EDX mapping of both heterojunction 
samples. In both heterojunctions, Ti ions are fully distributed 
throughout the samples. This is a common element between the 

two materials, acting as a matrix ion in  TiO2 and a lattice former 
in  SrTiO3. Oxygen showed more intense regions of predomi-
nance owing to the surface roughness of the sample. The Sr ions, 
which indicate the different concentrations of the  SrTiO3 phase, 
showed lower predominance in the sample with 1%  SrTiO3 than 
in the sample with 5%  SrTiO3, as expected. Therefore, the EDX 
mapping corroborates the proportional formation of the hetero-
junction and the homogeneity of the chemical composition eve-
rywhere on the particle in both heterojunction samples.

The formation of a solid–solid interface between  TiO2 and 
 SrTiO3 was evidenced by high-resolution TEM (HRTEM), 
as shown in Fig. 4a. The HRTEM image reveals an inter-
face region in which  TiO2 grows on the crystalline surface 
of  SrTiO3 particles, as shown in Fig. 4b. This is confirmed 
by the corresponding crystal lattice planes for both  SrTiO3 
and  TiO2. To facilitate interpretation, the image was divided 
into regions. In Fig. 4a, region 1 indicates the interplanar 
distance of the crystal lattice (2.26 Å), according to the (111) 
plane of the cubic  SrTiO3. In region 2, next to the plans of 
 SrTiO3, an interface region was verified. In this region, the 
calculated interplanar distance was 2.10 Å, which does not 
correspond to any of the anatase phases of  TiO2 or to any 
plane of the cubic phase of  SrTiO3. Possibly, this interplanar 
distance corresponds to the (− 303) plane of the monoclinic 
phase of  TiO2 (ICSD no. 65-6429). Region 3 shows the pre-
dominance of the (101) planes of the  TiO2 anatase phase, 
with an interplanar distance of 3.52 Å.

The aforementioned results indicate that the  TiO2/SrTiO3 
heterojunction interface is composed of intermediary phases 
of the predominant  TiO2 structure. The direct growth of the 
(101) plane of the anatase phase of  TiO2 on the surface of 
the (111) plane of the cubic phase of  SrTiO3 would be unsta-
ble. This interface would generate a stress of 56% owing to 
the difference between the interplanar distances of 3.52 Å 
and 2.26 Å. However, considering the plane of the mono-
clinic phase in  TiO2 with an interplanar distance of 2.10 Å, 
the generated interface stress decreases to 7% on the (111) 
surface of  SrTiO3. The growth of  TiO2 was not observed on 
any surface besides the (111) plane of  SrTiO3. Some stud-
ies demonstrated the growth of crystalline structures only at 
interfaces with close interplanar distances [27, 28] or atomic 
planes that fit within each other [29, 30]. Figure 4b shows a 
magnification of a part of Fig. 4a, with a dashed-line rectan-
gle, indicating the crystalline growth of the interface region. 
This suggests that there is a secondary phase in the medium 
range that forms the interface in relation to the  TiO2 main 
phase. This type of interface generates different defect levels 
in heterojunctions and influences the electronic properties, 
as indicated by the following photocatalytic results.

Figure 5a shows the photocatalytic activity of all the samples 
for photodegradation of the RhB solution. Photolysis analysis, 
i.e., the degradation experiment of the RhB solution without 
a photocatalyst, was also performed, showing the degradation 

Fig. 1  XRD patterns for the  TiO2 and  SrTiO3 samples and the hetero-
junctions obtained with 1% and 5% of  SrTiO3
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results only from the light used in the experiment. Photocata-
lytic experiments were performed using hole, hydroxyl radi-
cals, and superoxide radical scavengers to analyze the photo-
catalytic mechanisms of the materials. The analyzed samples 
were  TiO2/1%SrTiO3, considering that this material showed 
the highest photocatalytic activity, and pure  SrTiO3 and  TiO2, 
for comparison. The photocatalytic results for all samples are 
shown in Table 1, including the rate constant, photodegradation 
percentage after 120 min of reaction, and the calculated and 
observed half-life times. In a general mode, the heterogeneous 
photocatalysis process using low-solubility semiconductors as 
a photocatalystis considered a pseudo-first order reaction owing 
to the low initial concentration of organic compounds and the 
constant concentration of the photocatalyst [31–33]. Thus, to 
verify the reaction order and determine the rate constant, the 
Langmuir–Hinshelwood model, which is described by Eq. (1), 
was applied to all samples.

(1)ln
A0

A
t

= kt

Here,  A0 and  At are the initial concentration and the con-
centration at a given time, respectively; k is the rate constant; 
and t is the reaction time. If the reaction is pseudo-first-
order, the plot of ln(A0/At) versus time results in a sequence 
of points that can be approximately fitted in a straight line, 
where the angular coefficient is the k value. The half-life 
time of pseudo-first-order reactions can be calculated using 
Eq. (2). According to the plot results (Fig. 5b), all the photo-
catalytic processes of the obtained samples were well-fitted 
as pseudo-first-order reactions.

The photocatalytic performance has a logical rela-
tionship with the rate constant; as can be observed, the 
 TiO2/1%SrTiO3 sample exhibits a higher rate constant for 
the photodegradation of the RhB solution. The lowest half-
life time 46.5 min calculated and 49.6 min observed—was 
also obtained for this material. The enhancement of the 
photocatalytic activity of the heterojunctions compared with 

(2)t1∕2 =
ln2

k

Fig. 2  FE-SEM images of the a  TiO2 and b  SrTiO3 samples; TEM images of the c  TiO2/1%SrTiO3 and d  TiO2/5%SrTiO3 heterojunctions
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Fig. 3  EDX mapping of the 
heterojunctions. From top 
to bottom, the figure shows 
the FE-SEM analyses; the 
mapping for the Ti, O, and Sr 
ions; and the energy versus 
species count graph. The left 
and right sides correspond 
to the  TiO2/1%SrTiO3 and 
 TiO2/5%SrTiO3 heterojunctions, 
respectively
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pure  TiO2 is mainly related to the charge-carrier transfer in 
the interface region [6]. Figure 5c shows the photodegrada-
tion of the RhB solution as a function of time, where scav-
engers were used as the control for the pure  SrTiO3 sample. 
The isopropyl alcohol, p-benzoquinone, and 2Na-EDTA 
act as scavengers for hydroxyl radicals (HO·), superoxide 
radicals ( O⋅−

2
 ), and holes  (h+), respectively. The experi-

ments for  SrTiO3 show that there was higher photocatalytic 
activity after the addition of the scavengers. Such behav-
ior was expected for  SrTiO3 because this structure exhibits 
high electron–hole recombination [34]. Adding the scaven-
gers, prevents the recombination of the charge carriers and 
increases the photocatalytic activity of the  SrTiO3 [35, 36]. 
For the  TiO2 sample, as shown in Fig. 5d, the experiment 
using hole scavengers indicated their major contribution to 
the photodegradation mechanism, as their absence led to 
lower RhB photodegradation (34% after 120 min of reac-
tion). It was also observed that until 30 min of reaction, the 
superoxide radicals had no significant effect on the photo-
degradation mechanism of pure  TiO2, as their absence did 
not affect the photodegradation efficiency in this time. Fig-
ure 5e shows the photocatalytic reaction scheme for pure 
 TiO2. Figure 5f shows the photodegradation of the RhB 
solution using scavengers as control for the  TiO2/1%SrTiO3 
sample. As can be seen, the holes have a major contribution 
to the photodegradation for the heterojunction samples; how-
ever, the superoxide radicals also contribute significantly, 

being almost the same degree. The photodegradation behav-
ior of the  TiO2/1%SrTiO3 sample agrees well with the charge 
transfer mechanism for heterojunctions in solid-state phys-
ics, as holes and electrons migrate in opposite directions 
[37].

The photoexcited electrons in the CB of  SrTiO3 migrate 
to the CB of  TiO2 owing to its higher reduction potential 
compared with  SrTiO3, as indicated in Fig. 5g. The dashed 
lines between both CBs represent the band bending result-
ing from the band alignment of these bands due to their 
different reduction potentials, indicating the formation 
of a solid–solid interface. The similar degrees of contri-
bution between the superoxide radicals and holes for the 
 TiO2/1%SrTiO3 sample confirm the effective charge transfer 
at the  TiO2/SrTiO3 interface, which increase the recombina-
tion time. They also confirm the particle-size homogeneity 
throughout the sample, once both holes and electrons reach 
the surface particles of the materials and react with species 
at similar rates. A slight difference between the contributions 
of the holes and superoxide radicals is possible owing to 
the direct and indirect reactions; i.e., holes directly oxidize 
species adsorbed on the surface particles, while electrons 
first reduce the adsorbed O, which then reacts with species, 
resulting in a slight decrease in the rate for this photodeg-
radation route. Additionally, the greater contribution of the 
holes possibly arises from the generation of hydroxyl radi-
cals [38, 39] and the predominance of  TiO2 compared with 
 SrTiO3 in the sample.

The surface chemical environments of the samples were 
investigated using XPS, and Fig. 6a shows the survey spectra. 
The elements Ti and O are present in the regions of 458 and 
530 eV, respectively, and the Sr peak appears at 133 eV, which 
is clearly observed by high-resolution measurement of peaks 
(inset). According to the results for all the samples, the Ti 
2p peaks indicate + 4 oxidation states (Fig. 6b, d, f). Despite 
both samples having the same oxidation state of ions, a slight 
difference in the peak shapes for O 1s is observed. The peaks 
were deconvoluted to obtain additional information (Fig. 6c, 
e, g). These results indicate O bound to C, e.g., carbonate, 
carbon dioxide (~ 533 eV), hydroxide, and surface defects 
(~ 531 eV), as well as O bound to the lattice (~ 530 eV). How-
ever, interestingly, the O peaks showed a difference in the O 
content from the hydroxide in the samples. For pure  TiO2, a 
higher content of hydroxide O was observed compared with 
the  TiO2/1%SrTiO3 and  TiO2/5%SrTiO3 samples, indicating a 
higher content of hydroxyl ions adsorbed on the  TiO2 surface. 
It is known for single-phase materials that hydroxyl sites are 
favorable for photocatalytic activity [40, 41]. Nonetheless, the 
photocatalytic performance of the heterojunction samples was 
higher than that of pure  TiO2, even with a lower content of 
hydroxyl ions adsorbed on the heterojunction surface. This 
observation confirms the effectiveness and importance of 
the electronic-transfer properties of materials, as the charge 

Fig. 4  a HRTEM images of the  TiO2/5%SrTiO3 heterojunction inter-
face region; b magnification of the center of the figure, showing the 
crystalline growth of the heterostructure



20335Journal of Materials Science: Materials in Electronics (2018) 29:20329–20338 

1 3

Fig. 5  a Photocatalytic activity for photocatalysts and photolysis in 
the degradation of RhB; b ln(A0/At) versus time for degradation; the 
photocatalytic activity using scavengers for the c  SrTiO3, d  TiO2, and 

f  TiO2/1%SrTiO3 samples. Schematic of the photocatalytic mecha-
nism for the e  TiO2 and g  TiO2/1%SrTiO3 samples
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carriers are responsible for the redox reactions of adsorbed 
species.

However, the heterojunction with 1% of  SrTiO3 exhibits 
greater photocatalytic activity than that with 5% of  SrTiO3. To 
investigate the behavior of the photogenerated electron–hole 
pairs, the PL spectra for  TiO2 and the heterojunctions were 
obtained in the range of 350–850 nm, and the results are plot-
ted in Fig. 7. The spectra for the pure materials indicate that 
the  TiO2 has an emission center at 550 nm—in the green wave-
length region—with the highest PL intensity among the mate-
rials. The pure  SrTiO3 exhibits photoluminescent emission 
centered at 445 nm—the blue region—with low photolumines-
cent intensity. The heterojunction with 1% of  SrTiO3 exhibits 
a major emission contribution in the blue region, and that with 

5% exhibits broad emission bands throughout the spectrum. 
Both heterojunctions exhibit PL intensities lower than that of 
pure  TiO2. This reduction in the PL intensity suggests that 
the recombination of electron–hole pairs was reduced com-
pared with that for pure  TiO2, owing to the formation of the 
heterojunction, which resulted in charge transfer at the inter-
face. However, regarding the  TiO2/1%SrTiO3 and  TiO2/5% 
 SrTiO3 heterojunctions, the  TiO2/1%SrTiO3 heterojunction 
shows higher emission in the region equivalent to the higher 
energy. The  TiO2/5%SrTiO3 heterojunction shows a shift of 
the emission band related to that of  TiO2/1%SrTiO3, emitting 
in region of lower energy. The difference resulting from these 
two types of emission behavior has been discussed in detail 
by our group [12, 42]. In the case of the heterojunction with 
1% of  SrTiO3, the formation of clusters with O vacancies of 
the monoionized type  ([TiO5·V ⋅

O
]), which are highly energetic 

and have emission in the blue region, was favored [42, 43]. The 
chemical behavior for this type of heterojunction is indicated 
by Eqs. (3) and (4) for the  TiO2 and  SrTiO3 regions of the 
heterojunction, respectively.

The subscript o indicates the ordered cluster, and the sub-
script d indicates the disordered cluster. Vx

o
 and V ⋅

o
 indicate 

(3)[TiO6]
x

o
+ [TiO5 ⋅ V

x

o
]d → [TiO6]

�

o
+ [TiO5 ⋅ V

⋅

o
]d

(4)[SrO12]
x

o
+ [SrO11 ⋅ V

x

o
]d → [SrO12]

�

o
+ [SrO11 ⋅ V

⋅

o
]d

Table 1  Photocatalytic data for the samples and photolysis for the 
discoloration of the Rh-B dye solution

Sample Discoloration 
(120 min) (%)

kapp × 10−2 
 (min−1)

t1/2 (cal-
culated) 
(min)

t1/2 
(observed) 
(min)

SrTiO3 34.9 0.34 203.9 –
Photolysis 62.1 0.85 81.5 83.3
TiO2 84.5 1.36 51.0 52.9
TiO2–

5%SrTiO3

91.9 1.60 43.3 50.6

TiO2–
1%SrTiO3

97.6 1.75 39.6 35.3

Fig. 6  XPS spectra. a Survey spectra, where the inset shows the high-resolution spectra for the Sr 3d species; (b, d, f) spectra for the Ti 2p spe-
cies and (c, e, g) for the O 1s species of the  TiO2,  TiO2/1%SrTiO3, and  TiO2/5%SrTiO3 samples, respectively
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neutral and monoionized O vacancies, respectively, and 
the superscript ′ indicates an electron, according to the 
Kröger–Vink notation. For the heterojunction with 5% of 
 SrTiO3, doubly ionized vacancies, V ⋅⋅

O
 , are formed, as indi-

cated by Eqs. (5)–(8):

Considering that the heterojunction with 1% of  SrTiO3 
exhibited the predominance of defects of monoionized O 
vacancies and considering the higher photocatalytic activ-
ity for this sample, it was inferred that this type of defect 
increased the recombination time of the charge carriers com-
pared with the doubly ionized vacancies, V ⋅⋅

o
 , thus favoring 

the photocatalytic process. The significant participation of 
monoionized O vacancies in the photodegradation reactions 
can be expected, as this type of defect can act as donor and 
acceptor of electrons, generating doubly ionized and neutral 

(5)[TiO6]
x

o
+ [TiO5 ⋅ V

x

o
]d → [TiO6]

�

o
+ [TiO5 ⋅ V

⋅

o
]d

(6)[TiO5 ⋅ V
⋅

o
]d + [TiO6]

x

o
→ [TiO5V

⋅⋅

o
]d + [TiO6]

�

o

(7)[SrO12]
x

o
+ [SrO11 ⋅ V

x

o
]d → + [SrO11⋅]d

(8)[SrO12]
x

o
+ [SrO11 ⋅ V

⋅

o
]d → [SrO12]

�

o
+ [SrO11V

⋅⋅

o
]d

O vacancies, respectively, rather than doubly ionized vacan-
cies that can accept electrons only. Thus, the monoionized O 
vacancy is considered as an electronic bridge for the charge-
carrier transfer.

4  Conclusions

TiO2/SrTiO3 heterojunctions showed higher photocatalytic 
efficiency, which contributed to their better photodegrada-
tion performance, than pure  TiO2 and  SrTiO3 samples. The 
main contributions to the photodegradation mechanism of 
the heterojunctions, which was experimentally observed, 
were from electrons and holes, confirming the effective 
charge transfer at the solid–solid interface. In addition, XPS 
analyses indicated that the photogenerated charge transfer in 
the photocatalysts is more important than the content of pre-
adsorbed species on the particle surface for the photodegra-
dation of organic dyes. PL analyses revealed that defects—
particularly monoionized O vacancies—in the  TiO2/SrTiO3 
heterostructure favored the photocatalytic activity. This con-
firms that understanding the electronic properties of materi-
als is fundamental for scientific knowledge and modeling 
desirable properties.

Fig. 7  PL spectra obtained under 350 nm excitation for pure  TiO2 and  SrTiO3 samples and heterojunctions with 1% and 5%  SrTiO3
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