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Abstract 

A Sr0.85Ce0.15FeO3 perovskite-type mixed oxide was prepared by Solution Combustion Synthesis 

from citric acid and carefully characterized for the structure by X-ray diffraction coupled with 

Rietveld analysis, for the microstructure/morphology by HRTEM and SEM, for texture by N2 

uptake at low temperature, for surface charge by ζ potential measurements and for reactive species 

by Electron Paramagnetic Resonance (EPR). Photocatalytic activity was tested in the presence of 

simulated solar light towards Orange II and Rhodamine B as model pollutants. Despite this 

compound is known as photocatalyst, a good reactivity was evidenced in the 55-80 °C temperature 

range without light irradiation, indicating that it can work as well in the dark after thermal-

activation. Therefore, experimental data obtained in this work suggest to carefully reconsidering the 

role of this mixed oxide as photocatalyst. EPR spin-trapping tests allowed to deepen the aspects 

related to reactive species generated by Sr0.85Ce0.15FeO3, revealing that the temperature increase 

promotes hydroxyl radicals and singlet oxygen production. Furthermore, an interesting selectivity 

towards the degradation of different dyes was found.  
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1. Introduction 

Perovskite-type materials are mixed oxides with general formula ABO3. This class of compounds is 

very versatile since their properties can be easily tailored either by changing the chemical 

composition, by introducing dopant elements or by modifying synthesis methods.  

New interesting applications of perovskite materials containing strontium in the A site are recently 

emerging. For example it has been demonstrated that SrTiO3 is able to promote the degradation of 

tetracycline [1] and enhance hydrogen production by means of water splitting [2,3]. 

Herein, a doped strontium ferrite perovskite is studied. The most relevant feature of strontium 

ferrite (SrFeO3-δ) is that the main oxidation state of iron at the B-site is IV, which is quite 

uncommon with respect to the usual Fe3+, mostly found in other iron perovskites [4,5]. Doped 

strontium ferrite perovskites can be applied in many contexts, as sensors, as catalysts for energy 

devices and in the controlled oxidation of pollutants [5–8] and, in most of these cases, high 

temperatures are necessary to exploit their catalytic activity. Undoped strontium ferrite perovskites 

found a place also in water remediation field since they were used as photocatalysts irradiated by 

both UV and visible light. Indeed, it was shown that they are able to induce the degradation of 

nitrobenzene [7], methylene blue [9], methylorange [10], phenol [11], bisphenol A and Acid Orange 

8 [12]. Although the different experimental conditions reported do not allow a direct comparison, 

the results evidenced degradation levels ranging from 35 % in 24 hours for methylene blue to 99% 

in 6 hours for nitrobenzene and the complete abatement of Acid Orange 8 in 1 hour. 

Bandgap energy values reported in literature for SrFeO3 compounds are comprised between 1.80 [9] 

and 3.75 eV [7] and are considered determining parameters for their photocatalytic properties. On 

the other hand, as already mentioned, SrFeO3 reactivity was also ascribed to iron redox capacity and 
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to the coexistence of the main Fe4+ species together with the Fe3+ ones, in association with the 

structure and the easy formation of oxygen vacancies [13]. 

Moreover, regarding the specific activity of strontium ferrite in pollutants removal, Leiw et al. [12] 

described a particular case, proposing a predominant role of superoxide anion radicals by studying 

the production of ROS (reactive oxygen species as hydroxyl radical, superoxide anion radical and 

singlet oxygen) in the dark. Nevertheless, no investigations about the correlations between 

temperature, light and catalytic performances are present in the literature.   

It is already known that a suitable amount of Ce4+ doping in A-site of SrFeO3 (used as electro-

catalyst) allows the stabilization of the Fe4+ to Fe3+ couple [5]. Since Ce4+ ions generate an extra-

positive charge in A-site, compared to the divalent Sr, a compensation is required to reach the 

electroneutrality which can be provided, for example, by the decrease in valence of B-site cations 

(electronic compensation).  Another important effect of Ce addition is the stabilization of the 

octahedral Fe3+ site and the cubic environment, which is usually more efficient than other structures 

in enhancing ionic and electronic conduction [4,13], i.e. by favouring the interaction between the 

redox couples Ce4+–Ce3+ and Fe4+–Fe3+ connected in the solid solution by oxygen bridges. 

Therefore, it is expected that a Ce-doped SrFeO3 is able to enhance the interaction with oxygen 

species during a catalytic reaction. 

Previous studies demonstrated that Ce-doped SrFeO3 redox properties are improved by Ce doping 

[5] and recent results on Sr0.85Ce0.15FeO3-δ as H2O2 sensor [13] confirmed a positive role of Ce in 

oxidation reactions. Therefore, in this work, Sr0.85Ce0.15FeO3-δ was synthesized and characterized in 

terms of physical-chemical features and applied to remove two charged dyes (Orange II and 

Rhodamine B) from aqueous solution. Moreover, the correlation between temperature-activation, 

light-activation and catalytic performance of Sr0.85Ce0.15FeO3-δ was investigated in details for the 

first time. 

 

2. Experimental 
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2.1 Perovskite oxide synthesis 

Sr0.85Ce0.15FeO3-δ (SF) was synthesized by solution combustion synthesis according to a procedure 

already used in previous papers [14,15]. All the reagents were bought from Sigma Aldrich and were 

used without further purification.  

Sr(NO3)2 (1.8049 gr), Ce(NO3)3·6H2O (0.6535 gr) and Fe(NO3)3·9H2O (4.0539 gr) were dissolved 

in 200 mL of distilled water. Proper amounts of citric acid (the combustion fuel), reducer-to-

oxidizer ratio (Φ) and pH regulators (NH4NO3 and NH4OH, respectively) were added in order to 

reach these conditions: citric acid/metal nitrates molar ratio = 2; Φ=1; pH=6. The solution was 

placed in a 1 L stainless steel beaker in contact with a hot plate and the water was left to evaporate 

at 80 °C under continuous magnetic stirring until a sticky gel was obtained. The temperature control 

was ensured by means of a thermocouple inserted in the precursor’s mixture. The temperature was 

then raised up to 220 °C (effective temperature inside the beaker) in order to decompose the gel by 

self-ignition. From this procedure, about 2 g of Sr0.85Ce0.15FeO3-δ were obtained after final 

calcination at 1000°C for 5 hours. 

 

2.2 Perovskite oxide characterization  

The temperature–time profile of the reaction medium was recorded during the combustion process 

by means of a K-type thermocouple (1.5 mm in diameter) coupled with a data logger (PICO 

technology) with a sampling velocity of 20 bit per second and a computer with Picolog software. 

X-ray diffraction (XRD) measurements were carried out on a Bruker-Siemens D5000 X-ray powder 

diffractometer equipped with a Kristalloflex 760 X-ray generator and with a curved graphite 

monochromator using Cu Kα radiation (40 kV/30 mA). The 2θ step size was 0.03 and the 

integration time was 3 s per step. The diffraction patterns were analysed by Rietveld refinement 

using the GSAS package [16,17], while the Findit ICSD database was used for obtaining the 

structural data of the reference phases (Sr0.85Ce0.15FeO3 #249012 and CeO2 #290464). Chebyshev 

polynomial functions were chosen for the background and for the peak profile fitting. Lattice 
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constants, Debye Waller factors, microstrain and full width at half maximum (FWHM) were 

considered as variable parameters in the structure refinement. From fitting results, the structural 

parameters of the investigated compound, i.e.: phase composition and the relative cell edge lengths, 

were obtained. Moreover, an estimation of the crystal size values was carried out by Scherrer 

equation in agreement with the GSAS package procedure. A standard deviation of ±0.003 Å for the 

refined cell parameters was calculated in the experimental conditions used in this work. The 

obtained Debye Waller factors for the perovskite-type phase are in good agreement with the 

literature. The agreement factors, the goodness of fit (χ2) and the reliability factors (R factors, 

expressed as percentage values), whose detailed definitions are given elsewhere in the literature, are 

reported in the text as quality indicators for the Rietveld fitting [18]. Such agreement factors are 

only statistically defined parameters and they are generally acceptable when χ2 is close to 1 and R 

factors are lower than 10%, but in some cases high instrumental resolution and larger number of 

counts might increase the R factors, without necessarily resulting in a lower quality of the model 

[19].   

In order to remove and quantify the unburned carbon, the powder was suspended in MilliQ™ water 

(500 mg L-1) and stirred for 2 hours. The suspension was centrifuged at 7000 rpm for 15 min and 

the surnatant was separated for the quantification of the total organic carbon (TOC).	The instrument 

used was a	Shimadzu TOC-V CSH, based on catalytic oxidation of carbon on supported Pt at 

680°C. Produced CO2 was revealed by a non-dispersive infrared detector (NDIR). 

Specific surface area and porosity were determined by studying the gas-volumetric N2 uptake at N2 

boiling point (-196 °C) using an ASAP2020 gas-volumetric apparatus by Micromeritics. BET 

model [20] was applied for specific surface area determination and BJH model [21] was applied to 

the desorption branch of the isotherms and used for mesoporosity characterization. Sample analyses 

were performed after outgassing the materials in vacuum (residual pressure ~10-2 mbar) for several 

hours at 300 °C in order to reach a good surface cleaning. 
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Zeta potential measurements were performed on a Zetasizer Nano ZS Malvern Instrument. The zeta 

potential values were measured using principles of laser Doppler velocitometry and phase analysis 

light scattering (M3-PALS technique). All the suspensions were prepared using 3 mg of powder and 

12 mL of ultrapure water, obtained from a Millipore MilliQ™ system (TOC = 6 ppb).    

Scanning electron microscopy (SEM) analyses were carried out using a ZEISS EVO 50 XVP with 

LaB6 source, equipped with detectors for secondary electrons collection and EDS probe for 

elemental analyses. Samples were covered with a gold layer of ~15 nm of thickness before the 

analysis to avoid any charging effect (Bal-tec SCD050 sputter coater) due to their insulating 

properties. 

High-Resolution Transmission Electron Microscopy (HRTEM) was performed using a JEOL JEM 

3010UHR (300 kV) instrument equipped with a single crystal LaB6 filament. The sample was dry-

deposited on Cu “holey” carbon grids (200 mesh) for the analysis. 

 

2.3 (Photo)catalytic tests 

For the photocatalytic tests, aqueous suspensions of SF (750 mg L-1) and substrate, Orange II 

(sodium salt, >85%) or Rhodamine B (>95%) 10 mg L-1, were prepared with Milli-Q™ ultrapure 

water and stirred for 30 minutes in order to homogenize the suspension before irradiation. The 

photodegradation trials were performed by irradiating the suspensions (5 mL) in closed Pyrex® cells 

under continuous stirring. Solar radiation was simulated in Solarbox (CO.FO. Megra, Mi), a system 

equipped with Xenon lamp (1500 W) and cut-off filter for wavelengths below 340 nm. For the sake 

of comparison, dark tests were carried out, by stirring the suspensions in Solarbox, covering the 

closed Pyrex® cells with aluminium foils, thus taking into account only the temperature effects. 

Dark tests at room temperature were also conducted. After different times of irradiation/dark tests, 

the samples were filtered on PTFE membrane by using syringe Minisart® and Syringe Filters 0.45 

µm. The dyes photobleaching was followed by a double-beam UV-visible spectrophotometer 

CARY 100 SCAN-VARIAN. A sample quartz cell of 1 cm path length was used and the spectra 
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were recorded in the range 200-700 nm. Quantification of dyes degradation vs time was performed 

at the wavelength of maximum absorbance of each dye (485 nm for Orange II and 555 nm for 

Rhodamine B).  

Temperature effect on the Orange II degradation was studied by a UNICAM UV300 

(Thermospectronic) double beam spectrophotometer equipped with a stirring system and a Peltier 

cell for temperature control, allowing the temperature variation inside the cuvette (from room 

temperature to 80°C) and the spectra acquisition in situ. For each temperature chosen, the points 

were acquired for at least 6 hours. The measurements were carried out taking into account the 

absorption of the suspension at 485 nm, interrupting the stirring to let the powder deposit and to 

avoid the scattering effect in the spectra. A kinetic study was conducted fitting the curves resulted 

from these tests with a first order decay, using the equation 𝑦 = 𝐴 × 𝑒
!!!"#×! + 𝑦!. 

All the results showed in the graphs for all the trials are reported as A/A0 decay, namely the 

absorbance ratio between the dye solution of the suspension under consideration (which underwent 

the degradation) related to 10 mg L-1 dye. 

The study of the reactive species was conducted by Electron Paramagnetic Resonance (EPR) in the 

presence of 5,5-dimethyl-1-pyrroline-N-oxide (DMPO), 2,2,6,6-tetramethyl-4-piperidone 

hydrochloride (4- oxo-TMP), and 5-(diethoxyphosphoryl)-5-methyl-1-pyrroline-N-oxide 

(DEPMPO) as spin-trap [22,23]. EPR spectra were recorded at room temperature with a Bruker 

ESR 300E X-band spectrometer. The acquisition parameters were as follows: frequency = 9.78 

GHz, microwave power = 5 mW, center field = 3470 G, sweep width = 80 G, receiver gain = 1×105, 

modulation amplitude = 0.41 G, conversion time = 40.96 ms. As previously reported [24,25], the 

experiments were carried out by adding the spin trap in the cell at the desired temperature or after 

2h irradiation in Solarbox both in light and in dark conditions; after 15 min of incubation in the 

same experimental conditions, an aliquot of sample was withdrawn in a capillary quartz tube and 

the EPR spectrum was immediately acquired. 
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Since hydroxyl radicals were detected in the system, 2-propanol (Fluka) was added in different 

concentrations (0.01 and 0.1 M) as �OH scavenger during the experiment at 70°C in the UV-visible 

thermostatic cell, to confirm the active role of this species in the catalytic reaction. 

 

3. Results and discussion 

3.1 SF synthesis and characterization 

During the combustion synthesis of SF the temperature-time profile was recorded (Fig.1) in order to 

obtain information about the kinetics of the combustion process. The combustion profile of SF 

corresponds to that expected for this kind of material prepared in this synthetic conditions [15]. The 

combustion reaction starts when the gel reaches 270 °C, subsequently the combustion process takes 

place in 100 seconds reaching the highest temperature of 630°C. The presence of a doubled peak in 

the temperature-time profile suggests the formation of different crystalline phases during the high-

temperature combustion process [26].  

Figure 1 

	According to previous studies regarding other mixed oxides prepared by SCS [15,27], the presence 

of unreacted organic precursors in the final material was expected. To confirm this hypothesis, the 

powder was washed with Milli-Q water for two hours under stirring and the washing water was 

analysed for TOC determination, revealing the presence of 0.84 mg L-1 of total organic carbon. 

The removal of organic carbon can influence the morphological behaviour of the perovskite 

powder. Therefore, the textural properties were studied by nitrogen adsorption before and after the 

washing treatment, as reported in Fig. 2. Both the adsorption isotherms in Fig.2a can be classified 

as IV type (IUPAC classification), typical of mesoporous powders. After washing, it is possible to 

observe an increase of the global amount of nitrogen adsorbed and of BET specific surface area and 

mesoporosity in terms of cumulative pore volume (Table in Figure 2b). The pore size distribution in 

Fig. 2b indicates that a large amount of pores in the range 20-500 Å has become available to N2 

adsorption after washing and removal of entrapped unreacted precursors.  
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On the basis of these evidences, as prepared powders (unwashed) were not taken into account for 

further studies. 

Figure 2 

Results from the XRD analysis and Rietveld refinement of the calcined SF powder are shown in 

Fig. 3. Cell parameters are consistent with a typical Sr1-xCexFeO3 phase with cubic Pm-3m structure 

[4,5]. Matching between XRD patterns of the sample and the reference phase from the database 

(ICSD #249004) is good, as confirmed by the graphical fitting and by the values of the agreement 

factors (χ2=1.48; Rp=13.6%; wRp=17.4%; RF
2=9.3). Other signals are observed in the pattern (some 

of them are evidenced by a cross), due to a small amount of segregated CeO2, whose solubility in 

SrFeO3 is limited at about 14-15% mol of Ce [5,28].  

EDS analysis shows 0.15:1 as Ce/Fe ratio, confirming the presence of cerium in the synthesized 

product and the total amount expected from the synthesis stoichiometry. The EDS elemental 

mapping evidences the perfect homogeneity of the sample. Nevertheless, the diffractogram reported 

in Fig. 3 shows the presence of segregated cerium oxide, whose amount, determined by means of 

Rietveld refinement as 2 mol%, needs to be excluded from the total amount observed by EDS to 

obtain the correct amount of cerium in the doped SF, which corresponds to 13 mol%. 

Figure 3 

The morphology of the washed sample, studied by SEM analysis (Fig. 4), indicates that SF was 

formed in aggregates with very different shapes, from lengthened to laminar flakes, suggesting 

different growth processes during synthesis. Laminar flakes (as those evidenced in the inset of the 

figure) seem to be made of aggregated irregular sub-micrometric spherical-like particles, which  

form interparticle pores, whereas the needle-like particles appear dense and not porous. It cannot be 

ruled out that elongated parts are related to strontium carbonate impurities that can be formed after 

the prolonged time exposure of the perovskite to the carbon dioxide in the atmosphere.   

Figure 4 
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TEM images are shown in Fig.5. The presence of elongated and roundish aggregated particles is 

confirmed as well at the nanometric scale. The size of the particles is quite variable. For what 

concerns the analysis of the fringe patterns, the system is extensively crystalline. Unfortunately, the 

main perovskite phase under examination, Sr0.85Ce0.15FeO3, is not indexed in the databases, 

nevertheless it can be compared with an undoped cubic Strontium Ferrite. The value of dhkl=2.73 Å 

belongs to this phase (plane (110), reference pattern #00-040-0905). However, the same value can 

be also attributed to some cubic CeO2 (plane (200), reference pattern #00-034-0394). Moreover, 

beyond the cerium oxide presence, it is possible to ascribe the values 3.30 and 2.52 Å to a 

tetragonal SrO2 phase (reference pattern #00-001-1113), probably derived from A-site imbalance 

due to ceria segregation.  Finally, several values (2.89, 2.50, 2.38, and 2.30 Å) can be assigned to 

planes (102), (202), (311) and (212) of SrCeO3 (reference code #01-082-2427), indicating the 

presence of other crystalline phases formed in the final material. 

Figure 5 

Zeta potential values of the SF suspension in water were measured in a pH range 5-9.5 (Figure 6). It 

was possible to determine that in acid environment the surface of SF is positively charged, with a 

starting value of  23.1±2.7 mV at pH 5, whereas at basic pH it is negative. At pH 9.5, namely the 

working pH reached in the presence of dye during the catalytic experiments described in the next 

sections, the observed value was −5.8±0.7 mV. 

Figure 6  

 

3.2 SF activity in dyes degradation. 

SF ability as photocatalyst was tested in the degradation of two different dyes, Orange II and 

Rhodamine B (Fig. 7), by irradiation in Solarbox. Control experiments in the dark as well as 

adsorption tests were also performed. The concentrations of SF and dyes were chosen on the basis 

of previously published papers concerning the degradation of pollutants by undoped SrFeO3 [7,9–
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11] and LaFeO3 [15]. These measurements revealed unexpected properties of SF, which will be 

described in detail in the next paragraphs. 

Figure 7    

A preliminary test was done in order to assess the Orange II adsorption on SF at room temperature 

(RT=25°C); an adsorption of ~5% was evidenced throughout the experiment duration (7 hours) and 

it is indicated by blue triangles in Fig.8a, referring to the initial Orange II solution concentration (10 

mg L-1). The same figure reports the Orange II bleaching by SF photocatalyst under light irradiation 

(black squares) as well as in the dark (red circles); both experiments were performed in Solarbox, 

where the average T is 60°C; dark experiments were performed by wrapping with aluminium foil 

the cell containing SF and Orange II (see Experimental). Surprisingly a relevant dye bleaching, 

comparable to the light-induced one, was observed also in the dark, whereas Orange II degradation 

is substantially negligible at 60°C in the absence of SF (green diamonds). 

Figure 8 

A desorption procedure was then adopted to confirm the effectiveness of the dye degradation 

instead of the simply adsorption on the SF powder. Acetonitrile was used to wash the suspensions 

after the experiments with and without irradiation for 7 hours in order to evidence the presence of 

unreacted dye. In both cases, the results allowed to exclude relevant adsorption phenomena on SF 

surface, if compared to the degradation ones. Concerning the dye bleaching occurred in the dark, a 

crucial role of the temperature rise to 60°C can be hypothesized, since no bleaching was observed 

for Orange II solutions stored at RT, both with and without SF.  

In order to verify the behaviour of SF with another substrate, the same tests in Solarbox were 

carried out with Rhodamine B. Surprisingly, significantly different results were obtained (Fig.8b). 

In this case, lower light-induced abatement levels were achieved (black squares) and no 

temperature-based effect was observed. The adsorption measured after the initial stirring, necessary 

for the homogenization of the system, before irradiation, was ~30% (blue triangles) referring it to a 

solution 10 mg L-1 Rhodamine B as standard. Adsorption kinetic at RT was very similar to that 
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resulted in dark experiments in Solarbox (red circles), indicating, in both conditions, a certain 

affinity of the dye with the SF surface (acetonitrile washing confirms the adsorption phenomena 

since unreacted dye was recovered from the SF material). This affinity could be ascribed to an 

electrostatic interaction between the cationic Rhodamine B and the negatively charged SF surface in 

the operating conditions, as shown by  ζ-potential value.  

The better performances observed under irradiation could be due to a direct oxidation of the 

adsorbed Rhodamine B by the surface trapped hole generated upon SF irradiation. By comparing 

the behaviour of the two dyes, it seems that a correlation exists between the dye adsorption on the 

SF surface and the absence of thermal degradation. 

Figure 9 

As for the degradation mechanism, the UV-visible spectra of the dyes recorded after irradiation (not 

reported for the sake of brevity) show the progressive reduction of the main absorption peaks. In 

dark conditions, Orange II spectra (Fig.9a) show a similar trend with respect to corresponding 

experiments upon light, with the decrease of the main absorption peaks at 485, 310, 261 and 228 nm 

and the contemporary appearance of an absorption band with a maximum at about 350 nm, 

amenable to intermediates production. This kind of behaviour was previously observed in the 

literature and attributed to the breaking of the diazo bond of Orange II with formation of a mixture 

of primary intermediate compounds such as 1,2-dihydroxynaphthalene, 4-hydroxybenzenesulfonate 

and 4-nitrosobenzenesulfonate [29,30]. 

In the case of Rhodamine B tests, only a progressive decreasing of the dye absorbance was 

observed (Fig. 9b), suggesting that a simple adsorption phenomenon is occurring in these 

conditions. 

 

3.3 EPR studies on ROS generation 

A previous study on the dark degradation of Bisphenol A and Acid Orange 8 by SrFeO3 perovskite 

[12] reports on the possible formation of O2•
− as responsible for the degradation, whereas less 
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relevant role was hypothesized for singlet oxygen and •OH radicals. Therefore, in order to clarify 

the role of the ROS in the reaction mechanism of Sr0.85Ce0.15FeO3-δ perovskite, EPR spin-trap 

approach was applied by using three different spin-trap molecules: 4-oxo-TMP for singlet oxygen, 

DMPO for hydroxyl radical and superoxide, DEPMPO, specific for superoxide anion radical. 

EPR spectra obtained after addition of a spin-trap to a SF suspension in water (750 mg L-1), 

previously irradiated for 2 hours in Solarbox, were reported in Fig.10a. The typical 1:2:2:1 

spectrum of DMPO-OH radical species, and the 1:1:1 pattern of the 4-oxo-TEMPO (4-oxo-2,2,6,6-

tetramethyl-1-piperidine-N-oxyl radical) are easily observable in the figure, whereas the adduct of 

DEPMPO with superoxide radical anion is quite weak.  

The same experiments were also performed in the dark, covering the cell in solarbox as described 

above. The results obtained are similar, but the concentrations of the three ROS-adducts are quite 

different, as can be observed in Fig.10b where the relative normalized intensities of the three 

species observed after treatment in Solarbox with light or in the dark are shown. The very low 

amount of superoxide trapped in these experiments is also in agreement with the absence of any 

signal attributable to this species in the experiment with DMPO.  

Figure 10 

The same results were obtained when these experiments were performed towards SF suspensions in 

Orange II or Rhodamine B solution, whereas no signal was recorded at RT and when dyes solutions 

underwent thermal or irradiation treatments in the absence of SF. 

In general, the same kind of ROS were generated in both the systems examined, but the degradation 

efficiency for Orange II was considerably higher than in Rhodamine B case. In the literature 

superoxide anion radical is supposed to be the main species able to degrade this cationic dye 

[31,32], thus a possible explanation of the discrepancy of SF behaviour towards Rhodamine B 

degradation could be imputable to the very limited production of O2•
− in favour of preponderant 

generation of  hydroxyl radical. 
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3.4 Studies on Orange II degradation kinetic 

The reaction mechanism does not seem to be only correlated with the irradiation, but, as reported 

above, the effect of the temperature seems to be important. Therefore, the dependence of the SF 

behaviour on the temperature was ascertained by performing a systematic study of Orange II 

degradation in the presence of SF suspension and in the range 55-80°C; experiments were carried 

out in a thermostatic cell and the progressive disappearing of Orange II was followed by recording 

the UV-visible spectrum of the solution (see Section 2.3 for the procedure).  

In Fig.11, Orange II degradation curves registered at different temperatures in presence of SF are 

reported: increasing T, abatement rate and degree go through a gain. If considering only the process 

after the activation time, the curves fit a first-order kinetic law and, consequently, the first order kobs 

values enhance proportionally with the temperature (Table 1). These data confirm the previous 

speculations about the influence of the temperature in SF photo-catalytic experiments. 

Figure 11 

Table 1 

Arrhenius plot, reporting ln kobs vs 1/T, allows to obtain the activation energy for the Orange II 

abatement process on SF which corresponds to 51.5 kJ/mol with an A value (pre-exponential term, 

extrapolated on the y-axis as ln A) of 6.73 × 105. 

Aiming to deepen the knowledge about ROS role and to prove the �OH activity, further experiments 

were performed by following the Orange II bleaching, at 70 °C, in the presence of 2-propanol (�OH 

scavenging agent), at 0.01 and 0.1 M. As expected, in Fig.12 it is evidenced that the 2-propanol 

addition severely decreases the rate of dye abatement. Thus, the kobs value changes from 0.01221 

min-1 to 0.00742 min-1 (at 0.01 M) and 0.00301 min-1 (at 0.1M). This result demonstrates the crucial 

role of hydroxyl radicals in the Orange II abatement from SF. 

	Figure 12 

 

4. Conclusions 
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A Sr0.85Ce0.15FeO3-δ (SF) perovskite-type oxide was synthesized by Solution Combustion Synthesis, 

deeply characterized and tested as catalyst for Orange II and Rhodamine B degradation. For the first 

time, to the best of our knowledge, the behaviour of this material was revisited in terms of action 

mechanism, as its role was not yet assessed neither fully understood. Actually, this material showed 

both photocatalytic activity (under a simulated solar light) and a temperature-dependent catalytic 

behaviour activated by low temperatures in a very narrow temperature range, between 55 and 80°C. 

SF performed efficiently in Orange II abatement and reaction rate constant was enhanced by means 

of temperature increase, due to a consequent increment of active hydroxyl radical production. 

Indeed, 95% degradation of Orange II was obtained at 80°C, comparable with the results of Yang et 

al. [10] concerning the photodegradation of methylorange by SrFeO3. For Rhodamine B, 

significantly lower levels of photobleaching together with a significant adsorption phenomenon 

were observed, without any correlation with the temperature.  

In conclusion, it was found that excitation modes, generated ROS and catalyst surface/dyes 

interactions represent interconnected and determining parameters that can be finely regulated for 

tuning the activity and the selectivity in the substrate attack. 

Furthermore, some conclusions about the mechanistic aspects of SF action can be also deduced by 

the experimental results: 

a) SF induces the formation of hydroxyl radicals, both by irradiation and thermal activation; 

b) Orange II degradation strictly depends on hydroxyl radicals generation, as revealed by the 

experiments in the presence of 2-propanol as scavenger; 

c) Rhodamine B is less affected by hydroxyl radicals action, its degradation is probably favoured 

by the presence of a small amount of superoxide radicals, in agreement with the literature 

[31,32]. 

d) Adsorption is influenced by electrostatic interaction between charged surface of SF and dyes. 

The higher adsorption of Rhodamine B (positively charged) respect to Orange II (negatively 
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charged) is in agreement with the zeta potential measurements showing as SF is negatively 

charged at the experimental pH. 

Finally, this work is a useful starting point to develop new strategies to evidence the action 

mechanism of materials and to exploit them in pollutant abatement.   
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Figure captions: 

Figure 1: Temperature-time profile registered during the combustion synthesis of SF. Ti is the 

temperature at which the reaction started and Tmax is the maximum temperature recorded during the 

synthesis. 

 

Figure 2: a) N2 adsorption isotherms and b) pore size distribution curves for the strontium ferrite as 

prepared (line and squares in black) and after washing (lines and circles in red). The table shows 

BET specific surface area and BJH total porosity values. 

 

Figure 3: Graphical Rietveld refinement and main structural parameters (in the insert table) related 

to calcined SF. Signals ascribable to CeO2 are evidenced with a cross. Indication Obs-Calc indicates 

the discrepancy between observed and calculated pattern. 

 

Figure 4: SEM micrographs of SF at different magnifications. In the inset an enlarged detail of the 

underlying micrograph. 

 

Figure 5: HR-TEM micrographs of SF at different magnifications. 

 

Figure 6: ζ potential of SF suspensions in water measured at different pH values 

 

Figure 7: Chemical structures of Orange II and Rhodamine B. 

 

Figure 8: Dye bleaching vs. time for 10 mg L-1 solutions of Orange II (a) and Rhodamine B (b) in 

the presence of 750 mg L-1 SF. Experimental data were collected under direct irradiation in 

Solarbox (black squares) and in dark condition in Solarbox (red circles) or at RT (blue triangles). In 

the case of Orange II, dye bleaching was also studied at 60°C without SF (green diamonds). 
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Figure 9: Spectra of Orange II (a) and Rhodamine B (b) at different times during dark experiments 

in Solarbox. Arrows indicate the behaviour of the main absorption bands during the experiments.  

 

Figure 10: a) EPR spectra of different adducts spin-trap/ROS obtained in the presence of SF after 2 

hours in Solarbox. b) Comparison of the relative normalized intensity of the different adducts 

obtained after treatment in Solarbox with exposition to the light and in the dark. 

 

Figure 11: Degradation of a 10 mg L-1 Orange II solution in the presence of 750 mg L-1 SF at 

different temperatures. 

 

Figure 12: Degradation of a 10 mg L-1 Orange II solution in the presence of 750 mg L-1 SF at 70°C 

in the absence (red circles, same data of Fig.11) and in the presence of 2-propanol 0.01 M (black 

squares) and 0.1 M (blue triangles). 

  



	 23 

Figure 1 

 

 

  



	 24 

Figure 2 

 



	 25 

 

Figure 3 

 

 

  



	 26 

Figure 4 

 

 



	 27 

Figure 5

 

 

 

 

Figure 6 

 

 



	 28 

Figure 7 

 

 

Figure 8 

 



	 29 

 

Figure 9 

 



	 30 

Figure 10 

 

 

  



	 31 

Figure 11 

 

 
Figure 12 

 



	 32 

Table1: First order kobs values (min-1) at different temperatures calculated from the data reported in 

Fig.11.  

 

Temperature (°C) kobs (min
-1

) 

55 0.00419 ± 0.00240 

60 0.00465 ± 0.00053 

65 0.00698 ± 0.00024 

70 0.01221 ± 0.00067 

80 0.01441 ± 0.00085 

  

 

 


