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PART I – LITERATURE REVIEW 
 

INTRODUCTION 

Nanomaterials, the key building blocks of nanotechnology, are materials 

with particle sizes smaller than 100 nm that exhibit physico-chemical properties 

significantly different from those of macromolecular structures with the same 

composition. Oxide nanomaterials play an important role in many fields and 

subfields, such as chemistry, physics, biology, materials science, and constitute one 

of the most common, diverse and probably the richest class of materials. Unlike 

other classes of materials, nanostructured metal oxides are characterized by a wide 

and fascinating range of properties and are widely used, in particular due to their 

high thermal and chemical stability [5–8]. Spinel ferrites are a category of oxide 

nanomaterials intensively studied due to their magnetic, electrical, optical and 

catalytic properties. Another category of nanostructured metal oxide nanostructures 

are perovskite-type oxides. They exhibit attractive physico-chemical properties, 

which allow these materials to be used in optoelectronic applications, 

photovoltaics, photocatalysis or as electrochemical sensors.  

Starting from the role and importance of nanomaterials, especially oxide 

nanomaterials, in the present PhD thesis we aimed to synthesize oxide 

nanomaterials exhibiting enhanced photocatalytic activity. Aluminum-doped 

perovskite-type oxides (Alx%:SrTiO3) constitute another class of nanostructured 

oxide nanostructures studied. To improve the photocatalytic activity of perovskite-

type materials they were functionalized with oxyhydroxide structures.  
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PART II – PERSONAL CONTRIBUTIONS 

 

MOTIVATION FOR THE RESEARCH TOPICS 
 

Globally, energy and environmental issues are important topics, therefore 

development of new systems to solve the problems caused by the intensive use of 

fossil fuels and the inefficiency of traditional methods used to remove organic 

contaminants from wastewater is essential. Considering the sustainability of solar 

energy, special attention was awarded to the use of photocatalytic oxidation to 

remediate environmental problems, photocatalysis representing a major 

breakthrough for sustainable, non-toxic and economically viable technologies. The 

major challenge in photocatalysis today remains the development of photocatalytic 

systems with extended photocatalytic activity to the visible region of the solar 

spectrum. An efficient photocatalyst must have high specific surface area, superior 

sensitivity to the visible region of the solar spectrum, suitable electronic band 

positions and efficient charge carrier transport to inhibit recombination. The doping 

of perovskite-structured oxides by introducing aliovalent cations into their structure 

has been shown to be an effective strategy for modifying functional properties such 

as optical absorption, p/n characteristics, charge density, charge mobility and 

separation, particle size, crystallinity, hydrophilicity and defect density. 

Based on these considerations, the aim of the PhD thesis was the synthesis 

and characterization of oxide nanomaterials for photocatalytic applications. 

The studies carried out during the doctoral studies were focused on the 

design of novel, high-efficiency photocatalytic materials that exploit a wide part of 

sunlight and which are able to address two of the major challenges for sustainable 

development, namely the removal of organic contaminants from wastewater and 

the production of H2 through photocatalytic water splitting. 

In order to achieve the aim of the thesis the following main objectives were 

proposed: 
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O1. Synthesis, characterization and evaluation of the potential use of  

Zn-Mn mixed ferrite nanoparticles substituted with Gd3+ ions as photocatalysts in 

the photodegradation of rhodamine B under visible radiation. 

 O2. Synthesis, characterization and investigation of the electronic properties 

of SrTiO3 doped with Al3+ ions. 

O3. Evaluation of the photocatalytic efficiency of Alx%:SrTiO3 materials in 

the degradation process of Orange IV dye, as well as in the photocatalytic water 

splitting. 

 O4. Development of Al3%:SrTiO3@MOOH (M = Fe, Co) photocatalytic 

nanoreactors by surface functionalization of perovskite particles, Al3%:SrTiO3 

with metal oxyhydroxides and their characterization. 

 O5. Evaluation of the photocatalytic efficiency of Al3%:SrTiO3@δ-FeOOH 

and Al3%:SrTiO3@CoOOH nanoreactors in photocatalytic degradation processes 

of different pollutants (Orange IV, Tetracycline, Oxacillin) under visible light. 
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III. SPINEL-TYPE OXIDE NANOMATERIALS 

SUBSTITUTED WITH RARE METAL IONS 

  

III.1. Synthesis of Zn0,7Mn0,3Fe2O4 nanoparticles substituted with 

Gd3+ ions 

Ferrite nanoparticles Zn0,7Mn0,3GdxFe2-xO4 (x = 0; 0.025; 0.05; 0.075; 0.1) 

were synthesized by a wet-chemical method developed within the research group 

[88]. The method used involves co-precipitation of oxide nanoparticles from 

precursor solutions in a basic medium, in the presence of a surfactant. In order to 

stabilize the structure and obtain a high crystallinity degree of the synthesized 

nanoparticles, they were thermally treated at 500 ºC for six hours. 

III.2. Characterization of Zn0,7Mn0,3Fe2O4 nanoparticles substituted 

with Gd3+ ions  

The X-ray diffractograms recorded for Zn0.7Mn0.3GdxFe2-xO4 nanoparticles 

treated at 500 °C which are illustrated in figure III.2a indicate the presence of a 

single crystallographic phase attributed to the cubic spinel structure, characterized 

by the Fd-3m space group. 

 

Figure III.2. (a) X-ray diffractograms of Gd3+-substituted ferrite samples treated at  

500 °C; (b) the change in the position of the (311) reflection with increasing Gd3+ 

content and (c) the variation of the lattice constant and the position of the corresponding 

(311) plane reflection with respect to the Gd3+ content. 
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III.2.3. Morphology analysis by SEM microscopy 

The morphology of Zn-Mn ferrite samples treated at 500 ℃ was analyzed 

by SEM microscopy and the obtained images are shown in figure III.4a-e. The 

nanometric size of the ferrite particles is confirmed by FE-SEM images, these 

indicating the formation of spherical, agglomerated particles with an average size 

in the range of 20-30 nm. 

 
Figure III.4. FE-SEM images of Zn0,7Mn0,3GdxFe2-xO4 nanoparticles in which:  

(a) x = 0.000; (b) x = 0.025; (c) x = 0.050; (d) x = 0.075; (e) x = 0.100; and (f) variation 

of experimental Gd3+ content with respect to theoretical composition.  
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III.3. Photocatalytic efficiency evaluation of Zn0,7Mn0,3GdxFe2-xO4 

oxide nanomaterials in Rhodamine B photodegradation 

To evaluate the photocatalytic performance of the synthesized Gd3+ ion-

substituted ferrite samples, a series of photocatalytic degradation tests of rhodamine 

B under visible light radiation were performed. Figure III.9 shows, for all the 

samples analyzed, a decrease in the absorbance of the maximum located at 555 nm, 

which indicates that the synthesized materials exhibit photocatalytic activity under 

visible light radiation. As for the photocatalytic process, it can be observed that it 

shows specific particularities depending on the composition and the thermal 

treatment applied to the materials. Thus, for unsubstituted ferrite (x = 0.000), 

treated at 500 °C, a decrease in the absorption maximum is observed, which after 

the first 75 minutes is accompanied by a hypochromic shift of its absorption 

maximum and the formation of a new absorption maximum around ≈ 500 nm, the 

efficiency of the photocatalytic process being about 80% after 180 minutes of 

irradiation. For the sample with the same composition, treated at 650 °C, the 

absorption spectra show a similar behavior, being characterized by the same shift 

towards the formation of a new absorption maximum, with the difference that, in 

this case, the efficiency of the photocatalytic reaction is higher, being ≈ 93% after 

180 minutes of irradiation. 

Thus, the obtained experimental results and the available information in the 

literature suggest that the formation of the new absorption maximum around  

500 nm and the change in the emission maximum of the rhodamine B solution at 

the end of the photocatalytic process are associated with the formation of the Rh110 

derivate, which results from the rhodamine deethylation process. According to the 

mechanism presented by Jakimińska et al., the deethylation process occurs when 

the photocatalyst is activated by excited Rhodamine (RhB*) molecules with visible 

light, while direct excitation of the photocatalyst results in the decomposition of the 

chromophore in the RhB structure. 
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Figure III.9. UV-Vis absorption spectra of Rhodamine B, recorded during the 

photocatalytic experiments in which ferrite samples, Zn0,7M0,3GdxFe2-xO4, were used as 

photocatalysts.  
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III.4. Assessment of the potentials of Zn0,7Mn0,3GdxFe2-xO4 as acetone 

sensors 

From figure III.11 it can be seen that, for all samples, the real part of the 

impedance decreases in the presence of acetone vapor during each cycle, with a 

tendency towards saturation. In the immersion time of ~200 s (arbitrarily chosen), 

the value of R decreases to 67% (x = 0.000), 58% (x = 0.025), 62% (x = 0.050), 

55% (x = 0.075) and 53% (x = 0.100) of the initial value (Rair), without reaching a 

saturation level. Figure III.11g shows that the response time of the  

Zn0.7Mn0.3Fe2-xGdxO4 ferrite samples to the presence of acetone vapor varies in the 

range 36-56 s, it closely follows the trend of the porosity grade. The recovery time 

of the Zn0.7Mn0.3Fe2-xGdxO4 samples varies between 80 and 116 s (fig. III.11h), and 

its trend is closely related to the R/Rair value reached by samples after the 200 s 

exposure in air saturated with acetone vapors. 

 
Figure III.11. (a-e) Sensitivity of Zn0.7Mn0.3Fe2-xGdxO4 samples after exposure for four 

cycles to air saturated with acetone vapor at room temperature; (f) sensitivity of all 

samples during a single exposure cycle; (g) variation of response time to acetone vapor 

in relation to sample porosity and Gd3+ content; (h) variation of recovery time in free air 

in relation to Gd3+ and R/Rair content.  
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IV. STRONTIUM TITANATE DOPED WITH Al3+ IONS 

IV.1. Synthesis and characterization of SrTiO3 doped with Al3+ ions 

Al3+ doped SrTiO3 (Alx%:SrTiO3) materials were synthesized using the 

ceramic method and the dopant content used was in the range 0-10% (mass %). For 

simplicity, the obtained materials will be named using the notation Alx%:SrTiO3, 

corresponding to each percentage of Al3+. 

IV.1.2. Structural analysis by X-ray diffraction 

The X-ray diffractograms recorded for the Alx%:SrTiO3 samples (fig. IV.1a) 

show specific reflections corresponding to the perovskite structure, without 

supplementary reflections specific to the Al2O3 compound used as a precursor for 

doping. These indicate that the method used led to the formation of a single 

crystalline phase, the perovskite phase characteristic of strontium titanate. 

 

Figure IV.1. a) X-ray diffractograms recorded for pure and Al3+ doped SrTiO3 samples, 

highlighting the shift of the main reflection for the doped samples; b) variation of the 

lattice parameter as a function of the doping considered. 

From the structural point of view, all the obtained samples belong to the 

Pm-3m symmetry group specific to the cubic perovskite SrTiO3. The introduction 

of aluminum (Al3+) determines a shift in the position of the main reflection on the 

2θ axis from 32.35° to 32.52°, which is reflected in the lattice parameter, 

characterized by a relatively uniform variation only for samples with Al3+ content 

in the range 3-7% (fig. IV.1b). 
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IV.1.4. Morphology analysis by SEM microscopy 

Figure IV.4 shows the FE-SEM images recorded for Alx%:SrTiO3 materials 

at different magnifications. From the FE-SEM images it can be observed that both 

the pure SrTiO3 and the Al3+ doped SrTiO3 samples (Alx%:SrTiO3) are 

characterized by particles with cubic morphology, for the doped samples, the cubic 

morphology is slightly deformed and the particles are not very clearly defined. 

Also, a reduction of particle size is observed with the increasing of Al3+ content. 

 

Figure IV.4. FE-SEM images at different magnifications for SrTiO3 (a-b), 

Al3%:SrTiO3 (c-d), Al7%:SrTiO3 (e-f) and Al10%:SrTiO3 (g-h), respectively. 
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IV.1.5. Electronic structure investigation by XPS  

The XPS spectra of Ti 2p for Al-doped SrTiO3 samples, and their 

decomposition into components characteristic of the different oxidation states of 

titanium (Ti4+/Ti3+/Ti2+) are shown in figure IV.5. The analysis of the Ti 2p 

characteristics indicates a mixed contribution from the ideal octahedral geometry 

of titanium (Ti4+), accompanied by Ti3+ and Ti2+ states, respectively, which are 

most frequently associated with the presence of oxygen vacancies (VOs). It is 

noteworthy that, Ti2+ species are found only in the sample corresponding to the 

highest percentage of Al3+ doping, Al10%:SrTiO3. 

 
Figure IV.5. XPS spectra of Ti 2p recorded for Al3%:SrTiO3, Al7%:SrTiO3 and 

Al10%:SrTiO3 samples (a); individual and simulated XPS spectra for Al3%:SrTiO3 (b), 

Al7%:SrTiO3 (c) and Al10%:SrTiO3 (d). 

The ratio between the integral amplitudes of the corresponding Ti4+ and Ti3+ 

components, obtained as individual spectra (Fig. IV.5(b-d)), shows that Ti3+ species 

are predominant in all samples. This can be explained by assuming an itinerant 

character of the oxygen vacancies, which will diffuse through the SrTiO3 lattice 

and accumulate more at its surface, where they are detected by XPS measurements 

[123–126].  
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Also, in the case of the Al10%:SrTiO3 sample, the asymmetry of the Ti 2p 

XPS spectrum and its shift towards lower binding energies is a clear signature of a 

lower state, Ti2+, which can occur by the formation of two mono-ionized oxygen 

vacancies (VO
  •) or a single double-ionized oxygen vacancy (VO

  ••) [127]. Such 

variation is a clear indication that with increasing Al doping more VOs are created 

to maintain the neutrality of the system.  

The simulated individual spectra of O 1s are presented in figure IV.6c-e for 

Al3%:SrTiO3, Al7%:SrTiO3 and Al10%:SrTiO3, while the individual spectra for Sr 3d are 

shown in Figure IV.6(f-h). Thus, the increase in Al3+ doping results in the 

appearance of asymmetry of the XPS spectrum of Sr 3d in the region of lower 

binding energies, accompanied by a decrease in the signal intensity for O 1s 

corresponding to oxygen atoms in the surround determined by the perovskite 

lattice. 

 

Figure IV.6. XPS spectra of Sr 3d (a) and O 1s (b) recorded for Al3%:SrTiO3, 

Al7%:SrTiO3 and Al10%:SrTiO3. The simulation of the individual spectra with Voigt lines 

representing different components for the Al3%:SrTiO3, Al7%:SrTiO3and Al10%:SrTiO3 

samples is shown in figures (c-e) for O 1s, and (f-h) for Sr 3d, respectively. 
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The main component which appears at 132.5 eV corresponds to Sr2+ cations 

in SrTiO3, while the component at higher binding energies is associated with SrCO3 

and Sr(OH)2 species from surface contamination. For the sample corresponding to 

the highest doping level, Al10%:SrTiO3, the appearance of a component at lower 

binding energies corresponding to strontium oxide, SrO, is observed. This state 

results from the substitution of the Sr2+ cations by Al3+ cations, when the substituted 

strontium diffuses through SrTiO3 and reacts, reaching at the surface as SrO, where 

it acts as a defect. 

Doping with Al causes a concomitant shift to higher energies of the entire 

characteristic spectra O 1s and Sr 3d, respectively, which is also slightly observed, 

in the corresponding XPS spectrum Ti 2p (fig. IV.5). This shift can be explained 

by the oxidized Al/SrTiO3 interface, which gradually evolves with increasing Al3+ 

content. Consequently, the conduction states in SrTiO3 gradually fills, defining in 

the contact region a metallic conduction zone in the form of a two-dimensional 

electron gas (2DEG). 

IV.1.6. Electronic structure investigation by XAS  

Figure IV.7 shows the spectra recorded at the aluminum K-level in total 

fluorescence yield (TFY) detection mode for the samples Al3%:SrTiO3, 

Al7%:SrTiO3 and Al10%:SrTiO3. The shape of the spectra of the three samples is 

similar, with a broad contribution before the main absorption band located at  

1569 eV. The broad feature indicates the presence of disordered Al sites with less 

than 6 nearest O neighbors. According to the literature [129] and the reference 

spectra for Al2O3 presented in figure IV.7, the signature of the tetrahedral 

coordination is located at 1566 eV, while the octahedral atomic coordination 

generates features at 1567 eV and 1569 eV. Thus, we can conclude that, Al is 

mainly characterized by an octahedral symmetry in bulk, with a significant 

amorphous deformation being observed in the spectrum of the sample 

corresponding to the 7% Al doping, compared to the sample containing 10% Al. 
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Figure IV.7. XAS 

spectra recorded at the K 

level of aluminum for 

Al3%:SrTiO3, Al7%:SrTiO3 

and Al10%:SrTiO3 

Samples. 

 

 Figure IV.8a shows the typical Ti4+ L2,3-edges split by the crystal field into 

eg and t2g components, dominated by dipole transitions between Ti 2p and Ti 3d 

energy levels. The width of the maximum corresponding to the eg component 

located at 459.9 eV was analyzed for each of the three doping levels, the results 

being shown in fig. IV.8a, where an increase in the width of the maximum is 

observed with the increasing of Al3+ doping level. This increase in the width of the 

maximum characteristic of the eg component, as well as the asymmetry of the 

maximum, can be explained by the presence of Ti3+ and Ti2+ states. 
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Figure IV.8. 

XAS spectra 

recorded in 

TEY mode for 

the L2,3 levels 

of Ti (a) and 

the K level of 

O (b) for the 

samples 

Al3%:SrTiO3, 

Al7%:SrTiO3 

and 

Al10%:SrTiO3. 

Figure IV.8b shows the X-ray absorption spectra recorded for samples of 

Al-doped SrTiO3 in TEY mode at the oxygen K level. These reflect the 

hybridization of oxygen p-orbitals with metal states. Thus, according to the 

classification realized by Groot et al. [129], the first two peaks from 530.6 eV to 

535.0 eV are assigned to hybridized Ti t2g and eg levels respectively, while the 

higher energy structures correspond to the hybridization with the Sr 4d, Sr 5sp and 

Ti 4sp levels. For the sample corresponding to the 7% Al3+ doping, an increase in 

the maximum associated with the eg component can be observed, which may be 

due to the formation of the SrO segregated phase, also observed in the XPS spectra 

in figure IV.6.  
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IV.2. Investigation of the photocatalytic activity of Alx%:SrTiO3 materials

   

IV.2.1. Study of the utilization of Alx%:SrTiO3 type materials for the 

photodegradation of Orange IV 

In contrast to SrTiO3, Al-doped perovskite samples show enhanced 

photocatalytic activity, which does not show a linear dependence on Al3+ content. 

Thus, for the sample containing 3% Al3+ (Al3%:SrTiO3), the removal efficiency of 

Orange IV dye is ⁓88%, while for samples with higher Al3+ content a decrease in 

the efficiency of the photodegradation process is observed, reaching 65.2% 

(Al7%:SrTiO3) and 60.8% (Al10%:SrTiO3), respectively. These results indicate that 

the introduction of Al3+ into the SrTiO3 structure improves photocatalytic activity, 

even if it does not lead to the extension of the radiation absorption range 

characteristic of perovskite. 

 

Figure IV.9. (a) Chemical structure of Orange IV dye; (b) Graphical representation of 

the dye concentration evolution during the photodegradation process in the presence of 

different photocatalysts (c) Efficiency of the photodegradation process of Orange IV dye 

as a function of the amount of dopant (% Al3+); (d) Efficiency of the photodegradation 

process of Orange IV dye in the presence of the investigated trapping agents. 
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The results of the active species determination tests (fig. IV.9d) indicated 

that all the investigated species are involved in the photodegradation process of 

Orange IV dye, with a major contribution from the superoxide radicals, O2
-•

, for 

which the photocatalytic efficiency in the presence of p-benzoquinone is reduced 

by half compared to the efficiency of the photocatalytic process without scavengers 

for the same photocatalyst.  

IV.2.2. Assessment of the potential use of Alx%:SrTiO3 materials in 

the photocatalytic water splitting 

The efficiency of Al3+-doped SrTiO3 (Alx%:SrTiO3) materials in the 

photocatalytic water splitting reaction was evaluated by performing photocatalytic 

tests which have monitored the evolution of the oxygen production reaction. 

Specifically, the amount of O2 produced in the photocatalytic experiment was 

quantified in situ using an oxygen microsensor (miniaturized Clark-type sensor 

with protective cathode, Unisense). 

Pure SrTiO3 exhibits a very modest oxygen-producing capacity, the O2 

concentration being 1.6 μmol/L. Aluminum doping at various concentrations has a 

substantial impact on the photocatalytic activity. Thus, Al10%:SrTiO3 exhibits a 

significant improvement in the photocatalytic efficiency of the OER reaction 

compared to pure SrTiO3, it generates 20.89 μmol/L O2. In contrast, both 

Al3%:SrTiO3 and Al7%:SrTiO3 show an increase in photocatalytic efficiency, but 

slightly lower than that recorded for Al10%:SrTiO3, the resulting oxygen 

concentration being 18.83 μmol/L respectively 13.7 μmol/L. 

The obtained results indicate that there is not a uniform dependence of the 

resulting oxygen concentration on the amount of Al3+, but they correlate perfectly 

with the information obtained from XPS and XAS analysis of the electronic 

structure of the tested materials. 
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Figure IV.10. a) Evolution of the oxygen concentration resulting from the POWS process 

under the action of visible light and in the presence of the photocatalysts studied: SrTiO3 

pure and Al3+ doped SrTiO3; b) Comparison of the OER reaction rates. 

 

The introduction of aluminum into the SrTiO3 structure is inevitably 

accompanied by the formation of oxygen vacancies and reduced Ti3+ species, 

sometimes also Ti2+, to maintain the neutrality of the system. These generate defect 

states in the upper half of the forbidden band, which contributes to the enhanced 

photocatalytic performance (Al3%:SrTiO3 case). However, the oxygen vacancies 

accumulate at the Al:SrTiO3 surface and can act as recombination centers, therefore 

high concentrations of VOs, which appears as a result of increased doping, can 

reduce photocatalytic activity, the case of Al7%:SrTiO3 material. The presence of 

VOs is associated with n-type doping of SrTiO3, and the reduction of Ti4+ to Ti3+ is 

accompanied by the injection of two electrons: one defining localized levels in the 

forbidden band of SrTiO3 and the other defining metallic conductivity in the form 

of a two-dimensional electronic system at the surface of SrTiO3. For Al10%:SrTiO3 

we assume that the metallic conductivity at the surface is the critical aspect that 

enhances the catalytic efficiency and mitigates the effects of the other defects. This 

metallic state reduces the recombination of the photogenerated species and 

prolongs the lifetime of the individual excited states, e‾ and h+, thus favoring the 

concomitant development of the oxidation/reduction reactions. 
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V. NANOCOMPOSITES BASED ON FUNCTIONALIZED 

STRONTIUM TITANATE FOR PHOTOCATALYTIC 

APPLICATIONS 

  

V.1.2. Morpho-structural and opto-electronic properties of the 

Al3%:SrTiO3@δ-FeOOH photocatalyst 

 The Al3%:SrTiO3@δ-FeOOH nanocomposite was considered the most 

efficient material, which is why it was further characterized and also used in various 

photocatalytic degradation experiments. The Rietveld refinement performed 

indicated the presence of the two phases in the nanocomposite as 82.3% 

Al3%:SrTiO3 and 17.7% δ-FeOOH. 

 From figure V.3d it can be seen that the photocatalyst  

Al3%:SrTiO3@-FeOOH exhibits an absorption band in the visible range, located 

around 500 nm, compared to the Al3%:SrTiO3 sample (Fig. V.3a) which exhibits 

absorption bands only in the UV range. Thus, the Eg values obtained for the 

Al3%:SrTiO3@-FeOOH nanocomposite were 1.85 eV and 1.71 eV for the direct and 

indirect transitions, respectively, values indicating that the Al3%:SrTiO3@-FeOOH 

material exhibits photocatalytic activity under visible light radiation. 

 The N2 adsorption-desorption isotherm and pore size distribution are 

shown in figure V.3b. According to IUPAC convention, the obtained isotherm 

(figure V.3b) can be classified as a type IV isotherm with type H1 hysteresis curve, 

which indicates the presence of pores with average pore diameter size, 

characteristic of the mesoporous structure. Therefore, the Al3%:SrTiO3@δ-FeOOH 

nanocomposite is characterized by slit-like pores with a specific surface area of 

87.98 m2/g. 
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Figure V.3. (a) Superimposed X-ray diffractograms for Al3%:SrTiO3, δ-FeOOH and 

Al3%:SrTiO3@δ-FeOOH nanocomposite; (b) N2 adsorption-desorption isotherm 

corresponding to Al3%:SrTiO3@δ-FeOOH (inset: pore diameter distribution); c-e) Tauc 

representations derived from UV-Vis absorption spectra for Al3%:SrTiO3, δ-FeOOH and 

Al3%:SrTiO3@δ-FeOOH. 

 The FE-SEM images shown in fig. V.4(a-d) indicate the existence of 

Al3%:SrTiO3 in the form of irregular and slightly agglomerated cubic particles 

functionalized with δ-FeOOH lamellar formations. The FE-SEM images show that 

the oxyhydroxide particles are not uniformly distributed on the Al3%:SrTiO3 

surface, but form clusters in which the perovskite particles are covered by the 

lamellar δ-FeOOH lattice. The combined and individual elemental distribution 

images for the Al3%:SrTiO3@δ-FeOOH nanocomposite which are shown in fig. 

V.4(e-j) confirm the presence of Sr, Ti, O and Fe atoms in the nanocomposite and 

the uniform distribution of Al3+ cations on the Al3%:SrTiO3 surface. 
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Figure V.4. FE-SEM images at different magnifications highlighting the morphology of 

the nanocomposite Al3%:SrTiO3@δ-FeOOH (a) and images showing the combined 

elemental distribution (e) as well as the individual distribution (f-j) of the atoms in the 

nanocomposite composition. 

 Figure V.5 shows the XPS spectra of Ti 2p and O 1s recorded for 

Al3%:SrTiO3 and Al3%:SrTiO3@δ-FeOOH under vacuum conditions and in the 

presence of water vapor. The individual Ti 2p spectra for the two samples under 

the given conditions are shown in figure V.6. In the corresponding Ti 2p spectra, 

the presence of additional signatures accompanying the main valence of titanium, 

Ti4+, was mainly followed. 



28 
 
 

 
Figure V.5. XPS spectra of Ti 2p (a) and O 1s (b) recorded for Al3%:SrTiO3 and 

Al3%:SrTiO3@δ-FeOOH under high vacuum conditions and in the presence of water 

vapors. 

From figure V.5, in addition to the attenuation of the titanium signal due to 

the formation of the AlOx/SrTiO3 interface, it can be observed that the ratio of the 

Ti3+/Ti4+ components intensities is different in Al3%:SrTiO3 compared to 

Al3%:SrTiO3@δ-FeOOH. This aspect indicates that under the FeOOH layer, the 

presence of Ti3+ species increases, thus leading to the concomitant formation of 

oxygen vacancies, VOs. 

The combined XPS spectra of O 1s (fig. V.5b) and individual spectra 

simulated with Voight lines (Fig. V.7) reflect both the spectral signature of oxygen 

in the perovskite lattice environment located at ~529 eV and the oxygen signature 

from FeOOH at ~535 eV. 

The variation of the Ti3+/Ti4+ ratio is accompanied by the presence of the 

constant signal generated by Al 2p in Al3%:SrTiO3 (fig. V.7(a-c)) irrespective of 

the analysis conditions, which, however, changes for the Al3%:SrTiO3@δ-FeOOH 

system. Specifically, as can be seen from fig. V.8b, under vacuum conditions, the 

metallic component of aluminum increases in Al3%:SrTiO3@δ-FeOOH, whereas, 

during exposure to UV light and water (V.8d), it decreases drastically. 

 Figure V.9a shows the X-ray absorption spectra recorded, in TEY mode, of 

the Fe L2,3 edges for the sample Al3%:SrTiO3@δ-FeOOH which is almost identical 

to the corresponding spectrum of δ-FeOOH oxyhydroxide, demonstrating that 
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δ-FeOOH is present on the surface region. Moreover, the TFY Fe L-edge spectra 

for the Al3%:SrTiO3@δ-FeOOH and δ-FeOOH are also identical, which proves that 

FeOOH is not mixed into the SrTiO3 core particles. For Al3%:SrTiO3, the amplitude 

of the absorption maximum characteristic of the Ti L2,3 edges (fig. V.9c) is higher 

than that measured for the Al3%:SrTiO3@δ-FeOOH sample due to the FeOOH layer 

on the surface, which hinders the expulsion of photoelectrons and reduces the TEY 

signal. 

 
Figure V.9. XAS spectra of: L2,3 Fe levels for Al3%:SrTiO3@δ-FeOOH and FeOOH 

(reference) in TEY mode (a); K a O levels for Al3%:SrTiO3@δ-FeOOH compared to 

Al3%:SrTiO3 and with reference SrTiO3 and FeOOH, (dashed lines) in TEY mode (b); L2,3 

levels of Ti for Al3%:SrTiO3@δ-FeOOH and Al3%:SrTiO3, in TEY mode (c); K a Al levels 

for Al3%:SrTiO3@δ-FeOOH, in TFY, and reference Al2O3, in TEY (d). 

 

For the Al3%:SrTiO3@δ-FeOOH nanocomposite, the XAS spectrum for the 

oxygen K-level (Fig. V.9b) is comparable to that of FeOOH and shows a 0.75 eV 

shift to lower energies, which is consistent with the band gap reduction shown in 

fig. V.3c. The spectrum for the K level of aluminum measured in TFY which is 
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illustrated in Figure V.9d, it indicates the existence of a dominant Al3%:SrTiO3 

feature (82%), but also a contribution from Al2O3 (14%), most likely localized at 

the surface. 

 

V.1.3. Investigation of the photocatalytic activity of Al3%:SrTiO3@δ-

FeOOH in the photodegradation process of Orange IV 
 

In order to determine the optimum pH for the photodegradation reaction of 

Orange IV dye, photocatalytic experiments were carried out at different pH values 

of the dye solution (1.5; 7 and 12). The results of these experiments, which are 

shown in figure V.10a, suggest that the photodegradation of the dye occurs only at 

acidic pH of the solution. This experimental aspect is also supported by the results 

obtained on the determination of the isoelectric point of the material 

Al3%:SrTiO3@δ-FeOOH, whose value is 7.1 (Fig. V.10b). 

 
Figure V.10. a) Influence of solution pH on the photodegradation process of Orange IV 

dye; b) Determination of the isoelectric point of Al3%:SrTiO3@δ-FeOOH nanocomposite. 

From figure V.11a it can be seen that the impact of visible radiation on the 

dye solution is insignificant, with only 1.4% of the dye solution being degraded 

after 60 minutes of irradiation. Concerning the use of δ-FeOOH as photocatalyst in 

the dye degradation process, the obtained results (Fig. V.11a) indicated that 75% 

of the dye molecules were degraded after 60 minutes of irradiation, whereas, the 

use of Al3%:SrTiO3@δ-FeOOH nanocomposite leads to almost total degradation of 

the dye solution (≈99%). 
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Figure V.11. a) Comparison between the efficiency of the photodegradation process of 

Orange IV dye using VIS radiation, δ-FeOOH and Al3%:SrTiO3@δ-FeOOH as 

photocatalysts; b) Influence of photocatalyst concentration on the efficiency of the 

photodegradation process of Orange IV dye; (c-f) Influence of dye solution concentration 

on the efficiency of the photocatalytic process. 

 

The influence of the photocatalyst concentration on the photodegradation 

process of Orange IV dye was evaluated by performing photocatalytic tests using 

different concentrations of photocatalyst, namely 0.25 g/L, 0.5 g/L and 1 g/L. Thus, 

the results obtained (fig. V.11b) show that there are no significant differences 
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between the photocatalyst efficiency values, which is over 90% after 60 minutes of 

irradiation, for all three concentrations tested. 

From fig. V.12a-b it can be seen that after three degradation cycles, the 

photocatalyst maintains its photocatalytic activity, the photodegradation process 

efficiency is over 90%. This aspect suggests that the Al3%:SrTiO3@δ-FeOOH 

photocatalyst is reusable and can be used in multiple photocatalytic cycles. From 

the X-ray diffractograms (fig. V.12b) of the photocatalyst before and after the 

photocatalytic experiment, it can be observed that no reflections specific to other 

structures than the existing ones (SrTiO3 and δ-FeOOH) appear. Therefore, it can 

be stated that the photocatalyst, Al3%:SrTiO3@δ-FeOOH is stable and does not 

undergo structural changes during the irradiation process. 

 
Figure V.12. a) The photocatalytic efficiency of Al3%:SrTiO3@δ-FeOOH nanocomposite 

in the photocatalytic degradation process of Orange IV dye after three cycles of use; b) 

X-ray diffractograms recorded for Al3%:SrTiO3@δ-FeOOH photocatalyst before and 

after the photocatalytic process. 

 

V.1.3.2. Proposed mechanism for the photocatalytic degradation of Orange 

IV dye in the presence of the photocatalyst Al3%:SrTiO3@δ-FeOOH 

 The results of the photodegradation experiments carried out in the presence 

of the above-mentioned trapping agents are shown in figure V.13a. The decrease 

in photocatalytic efficiency in the presence of p-benzoquinone indicates that  

O2
-•

 radicals play an important role in the photocatalytic process, as they are directly 

responsible for the degradation of Orange IV dye in the presence of the 

nanocomposite Al3%:SrTiO3@δ-FeOOH. 
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Figure V.13. a) The efficiency of the photodegradation process of Orange IV dye in the 

presence of the investigated trapping agents; b) The proposed mechanism of the 

photocatalytic degradation process of Orange IV dye in the presence of the photocatalyst 

Al3%:SrTiO3@δ-FeOOH under the action of visible light. 

The alignment of the electronic bands with respect to the values obtained 

for their potentials indicates the formation of a type II heterojunction. Following 

irradiation with visible radiation, electrons in the valence band of the oxyhydroxide 

(FeOOH) are excited and migrate into its conduction band, forming gaps in the 

valence band. Subsequently, the excited electrons will be transferred to the 

conduction band of perovskite (Al3%:SrTiO3) where they will react with adsorbed 

O2 molecules leading to the formation of superoxide radicals. The potential of the 

conduction band for δ-FeOOH is lower (more positive) than the potential for O2/O2
-•

 

reduction (-0.33 eV) indicating that the O2 reduction reaction with O2
-•

 formation 

will not occur in the conduction band of FeOOH. Normally, the remaining voids in 

the valence band of FeOOH could either participate in the HO- radical formation 

reaction or interact directly with the dye molecules causing its degradation. In the 

present case, although the valence band potential of δ-FeOOH, which is higher than 

the HO• radical formation potential (H2O/ HO• - 2.4 eV vs. NHE), suggests that the 

accumulated voids could oxidize H2O molecules to form hydroxyl radicals, 

experiments performed to determine the active species did not indicate the presence 

of HO• radicals. 
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V.1.4. Investigation of the photocatalytic activity of  

Al3%:SrTiO3@δ-FeOOH in the photodegradation process of Tetracycline 

As can be seen from figure V.15b, tetracycline, in solution, shows high 

stability, the percentage of tetracycline degraded after 48 h (due to the self-

degradation process) being insignificant (less than 1%). In comparison, the effect 

of radiation on the tetracycline solution was significant, 50% of the initial 

concentration of the antibiotic solution being degraded after 80 min of irradiation. 

The presence of the photocatalyst causes a sharp decrease in the concentration of 

tetracycline to almost zero concentration (total degradation) of tetracycline, the 

efficiency of the photodegradation process being 97% after 75 minutes of 

irradiation. 

Figure V.15c-f shows the results of the photocatalytic experiments for all 

concentrations investigated, suggesting that the performance of the photocatalyst is 

not influenced by the initial concentration of antibiotic solution used. Thus, for all 

the three concentrations studied, the efficiency of the degradation process is more 

than 95% after the 75 minutes of irradiation, the differences obtained for the values 

of the rate constants associated with the corresponding photocatalytic reactions 

being insignificant. The efficiency of the nanocomposite in the photocatalytic 

degradation process of the studied antibiotic can be observed in the chromatograms 

obtained for each tested solution (fig. V.15d-f), chromatograms in which a gradual 

decrease in the area of the chromatographic signal associated with tetracycline is 

observed with increasing irradiation time. 
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Figure V.15. Structure of tetracycline (a); Evolution of tetracycline concentration over 

time for the three processes: auto-degradation, photolysis and photocatalytic 

degradation in the presence of Al3%:SrTiO3@δ-FeOOH (b); Comparative evolution of 

tetracycline concentration during the photocatalytic process for the three concentrations 

(c) and individual evolution of tetracycline concentration (d-f). 

 

Identification possible degradation products and proposing a mechanism 

for tetracycline degradation 

Based on the experimental results obtained from HPLC-MS analysis and in 

accordance with the literature [147-150], a degradation mechanism of tetracycline 

was proposed, which is shown in Figure V.18.  
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Figure V.18. Proposed mechanism for the photocatalytic degradation of tetracycline 

under the action of visible radiation using Al3%:SrTiO3@δ-FeOOH photocatalyst. 

 

Thus, the N-demethylation process of tetracycline occurs under the action 

of the holes (h+) formed in the valence band of the photocatalyst, resulting in the 

intermediate P1 (m/z=416). This, by successive demethylation at the carbon atom 

(C8), forms the intermediate P2 (m/z=403), and by the action of superoxide radicals 

on the P1 intermediate, the intermediate P3 (m/z=399) is obtained. In parallel, as a 

result of attack by hydroxyl radicals (HO 
•
), tetracycline (TC, m/z=445) molecules 

undergo hydroxylation, resulting in the formation of intermediate P4 (m/z=460), 

which subsequently, under the action of vacancies, removes the N-(CH3)2 group, 

leading to the appearance of intermediate P5 (m/z=432). The P6 intermediate  

(m/z=415) is obtained by oxidation of the P5 intermediate by superoxide radicals, 

O2
-•

. Further, under the action of holes and O2
-• radicals, intermediates P1-P6 undergo 

various transformations, such as deamination, dealkylation, carbonyl elimination, 

oxidation and ring opening, leading to the formation of intermediates P7-P9 

(m/z=256, m/z=244, m/z=163). As the photocatalytic reaction proceeds, through 
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oxidative processes, these are transformed into smaller organic molecules, which 

can subsequently be mineralized into simple molecules such as CO2, H2O or +NH4. 

 

V.2. Cobalt oxyhydroxide (CoOOH) coating on Al3%:SrTiO3 surface 

Although in the diffractogram of the nanocomposite (fig. V.19a), the 

intensity of the CoOOH phase-specific reflections at 19.75°, 36.45°, 39.11°, 50.71° 

and 65.30° is very low compared to the intensity of the perovskite-specific 

reflections, they allowed Rietveld refinement to identify the constituent phases of 

the nanocomposite. The two phases were indexed using the references ICSD 98-

009-1899 for the perovskite phase and ICSD 98-001-2587 for the oxyhydroxide 

phase, and they are found in the nanocomposite in the proportion of 92.7% 

Al3%:SrTiO3 and 7.3% CoOOH, respectively. 

 

Figure V.19. a) Superimposed X-ray diffractograms recorded for Al3%:SrTiO3, CoOOH 

and Al3%:SrTiO3@CoOOH nanocomposite; b) Rietveld refinement performed on the 

corresponding nanocomposite diffractogram and the percentage of phases; c) Tauc 

representations corresponding to the UV-Vis absorption spectra; d) N2 adsorption-

desorption isotherm recorded for the nanocomposite Al3%:SrTiO3@CoOOH and pore 

size distribution. 
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The UV-Vis absorption spectrum (fig. V.19c) recorded for the 

Al3%:SrTiO3@CoOOH nanocomposite shows a new absorption maximum around 

700 nm, which confirms that the development of a nanocomposite by coupling two 

semiconductors is a promising strategy to extend the light absorption range of 

SrTiO3. The adsorption-desorption isotherm of N2 (Fig. V.19d) recorded for the 

Al3%:SrTiO3@CoOOH nanocomposite indicates the existence of a mesoporous 

material, characterized by large adsorption specific surface area of 80.86 m2/g. The 

FE-SEM images shown in Figure V.20 highlight the presence of Al3%:SrTiO3 

perovskite in the form of polyhedral, multifaceted particles, while CoOOH 

oxyhydroxide is characterized by thin particles with irregular lamellar shape, 

randomly distributed throughout the sample volume. 

 

Figure V.20. FE-SEM images of Al3%:SrTiO3@CoOOH nanocomposite at different 

magnifications. 

XPS analysis results confirm the presence of CoOOH in the composition of 

the Al3%:SrTiO3@CoOOH nanocomposite by the intense signal identified in  

fig. V.21a, which coincides with that simulated in fig. V.21b. The main Co 2p 
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maximum, which occurs at 780.6 eV, indicates that 87% of the cobalt ions are in 

the +3 oxidation state (Co3+), and the difference corresponds to cobalt ions in the 

higher oxidation state [151]. The SrTiO3 surface is close to the expected 

stoichiometry of 1:1 between Ti and Sr (fig. V.21c-d), with the titanium cations 

exhibiting the ideal valence, Ti4+, in octahedral symmetry. 

 
Figure V.21. Survey XPS spectrum of the nanocomposite Al3%:SrTiO3@CoOOH, 

showing the main characteristic lines (a); XPS spectra for Co 2p (b), Ti 2p (c) and Sr 3d 

(d) with simulated Voight lines. 

The corresponding Al 2p maximum, obtained by its deconvolution from the 

Co 3p and Ti 3s contributions, is located at 72.1 eV and indicates the presence of a 

significantly lower state, but not totally up to the metallic state (Al0), the metallic 

contribution being normally present at 72.7 eV [152]. 

V.2.2. Evaluation of the photocatalytic activity of 

Al3%:SrTiO3@CoOOH in the oxacillin degradation process 

Figure V.22a shows the comparative efficiency of the oxacillin degradation 

process using different concentrations of the photocatalyst Al3%:SrTiO3@CoOOH 

(0.25 g/L; 0.5 g/L and 1 g/L). Thus, in the absence of the photocatalyst, but under 

the action of light in the visible range (photolysis process), the degradation of 
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oxacillin is negligible (˂ 1%), suggesting that under the action of light, oxacillin is 

stable and the following results obtained are due to the activity of the photocatalyst. 

For the photocatalyst concentration of 1 g/L in the dark at equilibrium, 90% of the 

oxacillin molecules in the initial solution (10 μg/mL) were adsorbed on the surface 

of the Al3%:SrTiO3@CoOOH nanocomposite. Also, the amount of oxacillin 

adsorbed at equilibrium decreases with decreasing photocatalyst concentration, 

which can be attributed to the lower number of available active centers. Thus, the 

photocatalytic efficiency decreases from 99% for the concentration of 1 g/L 

Al3%:SrTiO3@CoOOH to 78% and 44% for 0.5 g/L and 0.25 g/L, respectively. This 

aspect highlights the importance and complementarity of the adsorption and 

degradation steps during the photocatalytic process [157]. For all the concentrations 

of photocatalyst, respectively, antibiotic tested, the photocatalytic degradation 

process of oxacillin is described by the pseudo-first order kinetic model. 

 
Figure V.23. a) Chemical structure of oxacillin; b) C/C0 vs time representations 

corresponding to the photodegradation processes in the presence of the photocatalyst 

Al3%:SrTiO3@CoOOH, as a function of the initial concentration of the oxacillin solution; 

c) reusability of the Al3%:SrTiO3@CoOOH after three cycles of use (0.5 g/L 

photocatalyst, 10 μg/mL OXA); d) the result of tests for the determination of reactive 

species responsible for oxacillin photodegradation in the presence of 

Al3%:SrTiO3@CoOOH nanocomposite (10 μg/mL OXA and 0.5 g/L photocatalyst). 
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 Figure V.23b shows that the efficiency of the photocatalytic degradation 

process after 60 minutes of irradiation is about 80%, regardless of the initial 

concentration of the antibiotic solution. These results indicate that the 

Al3%:SrTiO3@CoOOH photocatalyst is also active at higher concentrations of 

antibiotic solution, the photocatalytic activity is not influenced by the initial 

antibiotic concentration. They also suggest that the efficiency of the photocatalytic 

process is rather due to the microstructural properties and high adsorption capacity 

of the photocatalyst. By associating the two processes, adsorption and 

photodegradation act synergistically for the degradation of the studied antibiotic. 

The tests performed to evaluate the reusability of the Al3%:SrTiO3@CoOOH 

photocatalyst were carried out without reactivating the photocatalyst. Thus, the 

results obtained indicated a decreasing trend in the efficiency of the photocatalyst 

(fig. V.23c) with increasing number of photocatalytic cycles in which it is used, 

from 78% to 32%, suggesting that the photocatalyst loses its efficiency under these 

conditions of use. This decrease in efficiency can be attributed to the number of 

available active centers, which is decreasing when the photocatalyst is not 

reactivated. 

 The results of the determination tests (fig. V.23d) show that the addition of 

isopropanol (IPA) has an insignificant influence on the photocatalytic efficiency, 

thus suggesting that hydroxyl radicals (HO•) are not involved in the photocatalytic 

reaction. In contrast to HO• radicals, in the case of vacancies, the addition of  

Na2-EDTA led to decreased photocatalytic efficiency, indicating that vacancies are 

the main active species responsible for the photocatalytic degradation of oxacillin 

in the presence of Al3%:SrTiO3@CoOOH nanocomposite and under the action of 

visible-range radiation. In addition, when p-BQ was added to the reactor, an 

increase in the photocatalytic efficiency was observed, indicating that the 

superoxide radicals O2
-•

 facilitate the photocatalytic reaction. 
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GENERAL CONCLUSIONS 

 

Oxide nanomaterials constitute a category of materials of particular 

importance in the field of nanomaterials, which are being intensively studied for 

their use as photocatalysts in topical photocatalytic applications, such as the 

removal of contaminants from water or the production of H2 by photocatalytic 

decomposition of water, but also for use in other types of applications. 

In the first part of the thesis, theoretical aspects about the structure of oxide 

nanomaterials with spinel and perovskite-type structure were presented, as well as 

information extracted from the literature on the synthesis methods of these 

materials, the characterization techniques used and their applications. 

 

 The first study in the experimental part of the thesis presented the synthesis 

and characterization of Zn-Mn mixed ferrite nanoparticles substituted with Gd3+ 

ions, Zn0.7Mn0.3Fe2-xGdxO4 (x = 0; 0.025; 0.050; 0.075; 0.100), which were 

subsequently tested for their use as photocatalysts for rhodamine degradation, as 

well as for their use as sensors for acetone. Analysis of the obtained results led to 

the following conclusions: 

➢ X-ray diffraction analysis confirmed that the desired spinel structure was 

obtained for all five compositions, corresponding to the two heat treatments 

applied. However, for the ones sintered at 650 °C, in addition to the cubic spinel 

phase, secondary phases were observed due to the presence of bulky Gd3+ ions, 

which tend to leave the lattice at higher temperatures. 

➢ Ferrite samples obtained at 500 °C are presented as spherical, 

agglomerated nanoparticles in the size range 20-30 nm and exhibit 

superparamagnetic behavior. 

➢ The photocatalytic activity of single and Gd3+ ion-doped ferrite samples 

heat treated at 500 °C and 650 °C, respectively, was evaluated by performing 

photodegradation tests of rhodamine B under the action of visible light. 
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➢ The obtained results showed that the materials exhibit photocatalytic 

activity under the action of visible radiation, the photocatalytic degradation 

efficiency of rhodamine, under the tested conditions, being over 80% after 180 

minutes of irradiation. 

➢ UV-Vis spectra recorded for the dye solution at different time intervals 

showed, for some samples tested, changes in the course of the photocatalytic 

reaction after the first 120 minutes of irradiation. On the basis of the UV-Vis and 

fluorescence spectra recorded, the observed changes, i.e., the formation of a new 

absorption maximum and the fluorescence change were associated with the 

structural transformation of rhodamine B into its derivative Rh 110. The process of 

rhodamine deethylation is induced by visible radiation and occurs as a result of the 

long irradiation time required for photocatalytic degradation of rhodamine B 

➢ During the photocatalytic process, initially the degradation of the 

chromophore in the structure of Rhodamine B takes place via the active species 

resulting from the irradiation of the photocatalyst. In parallel, due to the long 

irradiation time required for its complete decomposition, part of the Rhodamine 

molecules is directly sensitized by light in the visible range and subsequently act 

on the photocatalyst, resulting in the breaking of Calif - N bonds in the Rhodamine 

structure. 

⮚ The results of the acetone detection tests suggested that the tested materials 

can be used as sensors for acetone. Although the highest sensitivity value was 

obtained for the sample corresponding to the degree of substitution, x = 0.100 Gd3+, 

both sensitivity and relaxation times are not influenced by some physical 

characteristics such as porosity or adsorption surface area and not by compositional 

variations. Acetone detection tests, performed at room temperature, showed that 

the materials exhibit good responses, comparable with other measurements 

reported in the literature at the same temperature. 

The second study in the thesis focused on the doping of SrTiO3 with Al3+ 

cations as an effective method to enhance the photocatalytic activity of perovskite. 
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It is essential to elucidate the relationship between dopant position, electronic 

structure and photocatalytic activity. Evaluation of the photocatalytic activity of 

Alx%:SrTiO3 materials was carried out by performing photodegradation 

experiments of Orange IV dye, as well as photocatalytic water decomposition 

experiments. 

➢ The Al3+ doped SrTiO3 materials were synthesized by the ceramic method 

using an Al content in the range of 1-10%, and the characteristic SrTiO3 cubic 

perovskite structure was confirmed by X-ray diffraction analysis. Based on the 

results obtained from XRD measurements, three of the doped samples 

(Alx%:SrTiO3, x = 3, 7 and 10) were selected for detailed electronic structure 

analysis. 

➢ XPS spectroscopy suggested that the doped SrTiO3 samples are mostly 

characterized by Ti4+ species (ideal octahedral surround), but a contribution from 

Ti3+ and Ti2+ species was also observed, most frequently, these were associated 

with the presence of oxygen vacancies (VOs). The presence of Ti2+ species was only 

observed for the sample corresponding to the highest doping percentage, 

Al10%:SrTiO3, for which the XPS spectra recorded for Sr 3d indicated the 

occurrence of a component corresponding to strontium oxide, which will act as a 

defect and affect the photocatalytic activity. The materials exhibit surface 

nonstoichiometry, a deviation from the ideal Sr:Ti:O ratio (1:1:3), indicating 

oxygen deficiency and n-type doping with free electrons. 

➢ The XAS spectra show that the aluminum atoms show octahedral 

symmetry in volume, with a significant deformation of the Al7%:SrTiO3 sample. 

➢ The doping of strontium titanate with Al3+ did not result in a reduction of 

the Eg value and consequently in a change of the light absorption range. 

➢ In order to evaluate the impact of the doping process on the photocatalytic 

activity of SrTiO3, photocatalytic degradation tests of Orange IV dye under UV 

radiation were performed. The efficiency of the photocatalytic degradation process 

of Orange IV dye performed using Al doped materials was higher than SrTiO3. 
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These results show that the doping of SrTiO3 with aluminum is an effective method 

to improve the photocatalytic activity of perovskite, even if it does not result in the 

extension of the absorption range. 

➢ The highest photodegradation process efficiency value was obtained for 

the Al3%:SrTiO3 material. For the other doped samples, a decrease in photocatalytic 

efficiency was observed, but still higher than that of pure SrTiO3. 

➢ Photocatalytic water decomposition experiments confirmed that the doped 

materials exhibit improved photocatalytic efficiency compared to pure SrTiO3. 

They indicated an increase in the resulting oxygen concentration from 1.6 μmol/L 

(SrTiO3) to 18.83 μmol/L (Al3%:SrTiO3). 

➢ The results obtained from the photocatalytic experiments carried out 

showed a strong correlation between the photocatalytic activity of the doped 

materials, their electronic structure and the changes induced by Al3+ doping. 

The aim of the third study was to develop Al3+-doped SrTiO3-based 

photocatalysts that are active under the action of visible radiation by depositing 

another semiconductor on the perovskite surface. The deposition of metal 

oxyhydroxides, such as FeOOH and CoOOH, on the surface of Al-doped SrTiO3 

particles was aimed to improve some essential characteristics for the photocatalytic 

process, namely: increase of the specific adsorption surface area, extension of the 

light absorption range and efficient separation of photogenerated species. 

➢ The Al3%:SrTiO3@MOOH (M=Fe, Co) nanocomposites were obtained 

using modified precipitation processes, for FeOOH four materials corresponding 

to its four polymorphic forms were synthesized. The results of XRD analysis 

confirmed the crystallographic phases corresponding to the deposited 

oxyhydroxides, as well as the characteristic perovskite phase of SrTiO3. 

➢ The photocatalytic activity of the FeOOH-deposited materials was 

evaluated by performing photocatalytic degradation tests of Orange IV dye, the 

results indicating that the nanocomposite Al3%:SrTiO3@δ-FeOOH is the most 

efficient of the studied ones. 
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➢ The process used to deposit the δ-FeOOH polymorph on the surface of 

Al3%:SrTiO3 nanoparticles led to the obtention of a material characterized by high 

surface adsorption, ability to absorb visible radiation and remarkable photocatalytic 

activity. The enhanced photocatalytic efficiency obtained in photodegradation 

processes is considered to be the result of the synergistic effect obtained by the 

coupling of the two semiconductors. 

➢ The results obtained from the active species determination tests correlated 

with the electronic structure information and LC-MS analysis results allowed to 

propose distinct mechanisms to explain the degradation process of the dye and the 

degradation mechanism of the antibiotic by identifying some of the degradation 

products. 

➢ Photocatalytic tests performed using as photocatalyst the nanocomposite 

obtained by depositing CoOOH on the Al3%:SrTiO3 surface indicated that it 

exhibits photocatalytic activity in the photodegradation of oxacillin. 

➢ The results obtained for the two nanocomposites suggest that the 

deposition of oxyhydroxides on the SrTiO3 surface led to materials that exhibit 

enhanced photocatalytic activity under the action of visible-field radiation and can 

be used as efficient photocatalysts in the degradation of various pollutants in 

wastewater as well as in the photocatalytic water splitting. 
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