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Abstract 

 

Layered perovskite-type mixed oxides An+1BnX3n+1 (A = Sr/Ba; B = Co/Ni; X = O) were synthesized via solution combustion 

synthesis (SCS) assisted by microwave radiation. These materials were characterized using advanced techniques such as 

Fourier-transform infrared spectroscopy (FTIR) and X-ray diffraction (XRD). FTIR analysis revealed distinctive signals 

corresponding to metal-oxygen (M-O) interactions at low wavelengths. XRD identified the primary phase as a layered 

La2NiO4 perovskite with a tetragonal structure (n=1) formed during the glycine combustion. This technique also allowed the 

calculation of crystallite sizes, with values below 100 nm for all samples. Regarding their catalytic performance, the mixed 

oxides exhibited remarkable thermal stability and resistance to sintering and deactivation by carbon deposition during the 

dry reforming of methane. The P-NiCo-R4 perovskite stood out among the samples studied, achieving the highest methane 

conversion at 78.68%. 

 

Keywords: Mixed oxides, perovskites, methane reforming, environmental pollution.  

 

Resumen 

 

Se sintetizaron óxidos mixtos tipo perovskitas en capas An+1BnX3n+1 (A = Sr/Ba; B = Co/Ni; X = O) mediante combustión en 

solución (SCS) asistida por radiación de microondas. Estos materiales fueron caracterizados utilizando técnicas avanzadas 

como la espectroscopia infrarroja por transformada de Fourier (FTIR) y la difracción de rayos X (DRX). El análisis por 

FTIR reveló señales distintivas de las interacciones metal-oxígeno (M-O) a bajas longitudes de onda. Por su parte, la DRX 

permitió identificar la fase principal como una perovskita en capas tipo La2NiO4 con estructura tetragonal (n=1), formada 

durante el proceso de combustión de la glicina. Además, esta técnica permitió calcular el tamaño de los dominios cristalinos, 

obteniéndose valores inferiores a 100 nm para todas las muestras. En cuanto a su desempeño catalítico, los óxidos mixtos 

demostraron una notable estabilidad térmica y resistencia frente a la sinterización y la desactivación por deposición de 

carbono durante el reformado seco de metano. Entre las muestras estudiadas, la perovskita P-NiCo-R4 destacó por alcanzar 

la mayor conversión de metano, con un 78,68 %. 

 

Palabras clave: Óxidos mixtos, perovskitas, reformado de metano, contaminación ambiental.  

 

1 Introduction 

Currently, various proposals exist to control the 

emission of environmental pollutants, particularly 

greenhouse gases like carbon dioxide and methane. 

However, these measures do not entirely solve the problem, 

making it essential to continue developing technologies 

contributing to environmental regulations. 

Natural gas (whose main component is methane) is a 

strategic resource for global energy supply, accounting for 
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approximately 23% of total energy demand (IEA 2011; 

Bonadonna 2020; OPEC 2020). Venezuela, for instance, 

holds the world’s tenth-largest proven natural gas reserve 

(~5.67 trillion cubic meters), with much of it present as 

associated natural gas (C.I.A. 2021). Methane extracted in 

Venezuela contains 80% methane, ethane, propane, and 

carbon dioxide traces. 

Natural gas is significant because it can be converted 

through secondary processes into synthesis gas or syngas—a 

mixture of hydrogen and carbon monoxide—used in 

numerous processes in the petrochemical sector. It is 

considered one of the cleanest fuels due to its lower 

production of pollutant gases (CO2, NOₓ, SO2) compared to 

other fossil sources (Edwards et al., 1995). 

A secondary route that could play a prominent role in 

the future of environmental chemistry is the dry reforming of 

methane (DRM) reaction, where reacting species such as 

CO2 and CH4 are converted into synthesis gas. This process 

transforms greenhouse gases (negative environmental 

impact) into a mixture of H2 and CO with numerous 

industrial applications (positive impact for humanity) 

(Haghighi et al., 2007). DRM employs solid heterogeneous 

catalysts resistant to thermal decomposition. 

A practical methodology for obtaining nanostructured 

materials is solution combustion synthesis (SCS). In this 

method, a metal precursor in an aqueous solution (nitrate 

and/or acetate salts) is dissolved in deionized water in a fuel 

with high metal affinity. SCS offers advantages such as the 

speed of the method, its simplicity, and its cost-effectiveness, 

making it suitable for potential industrial applications 

(Civera et al., 2003; Specchia et al., 2004; Wang et al., 2009; 

García et al., 2010; Pérez et al., 2015; Lugo et al., 2010-

2022-2024.a). 

Some advantages of solution combustion synthesis 

compared to other chemical techniques include: 

Utilization of internal chemical energy: SCS relies on 

the heat generated by exothermic reactions between the fuel 

and the oxidizer, eliminating the need for external energy 

sources. This reduces operational costs and enhances the 

economic efficiency of the process. 

Rapid synthesis speed: The process can be completed 

within minutes due to the high reaction rates, making it ideal 

for the efficient, large-scale production of advanced 

materials. 

Controlled heat release: Heat generated during 

combustion is released gradually and uniformly, layer by 

layer. This prevents thermal damage or deformation of the 

materials and ensures products with homogeneous 

properties. 

Ease of industrial integration: The simplicity, 

scalability, and cost-effectiveness of the process make it 

highly compatible with industrial production lines, enabling 

the large-scale fabrication of nanomaterials, catalysts, and 

other advanced compounds (Siddique et al., 2022; 

Rodríguez-Sulbarán et al., 2018). 

This research project aimed to prepare mixed oxide 

perovskites with specific metals such as Ni and Co using 

solution combustion synthesis (SCS). The physicochemical 

properties of the different solids were studied using 

characterization techniques such as FTIR and XRD. These 

solids were employed as heterogeneous catalysts to study the 

kinetics of the dry reforming of methane with CO2. The 

reaction was monitored using a gas chromatograph coupled 

to the main system. 

2 Experimental Procedure 

2.1 Perovskite Synthesis 

The materials (mixed oxides) were prepared using 

solution combustion synthesis (SCS), as described by Patil 

(Patil et al., 1997-2002), Mukasyan (Mukasyan et al., 2001-

2007), and Varma (Varma et al., 2003). This methodology 

was revised and validated in the Kinetics and Catalysis 

Laboratory at the University of Los Andes by Pérez (Pérez et 

al., 2015), Briceño (Briceño et al., 2018), and Lugo (Lugo et 

al., 2022-2024.b). 

2.1.1 Synthesis Methodology 

The precursor mixture was placed in a modified 

porcelain crucible with a lid, allowing the gases generated 

during fuel combustion to escape. The crucible was then 

transferred to a household microwave oven (Premium brand, 

model PM7078, 700W power), where radiation was applied 

at 80% power (Zhao et al., 2004). 

Combustion of the precursor mixture began 

approximately 35 seconds after the start of radiation and 

lasted an additional 15 seconds. During this time, intense 

flames and a large volume of gases were generated due to the 

ionization of the accumulated gases inside the crucible, 

significantly increasing the system's temperature. The total 

radiation time for the precursor mixture was approximately 

95 seconds. The final product was a fine, grayish powder 

identified as the mixed oxide perovskite. 

2.1.2 Stoichiometry 

Table 1 presents the different perovskites prepared via 

SCS.  

Figure 1 shows the combustion process of the precursor 

mixture and the unground material obtained after 

combustion. 5 
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Table 1. Layered perovskite-type oxides An+1BnO3n+1 (A = 

Sr/Ba; B = Ni/Co) synthesized via SCS. 

Formula (An+1BnO3n+1) Ignition Code 

Sr1,5Ba0,5CoO4 

M
ic

ro
w

av
e P-Co-R1 

Sr1,5Ba0,5Ni0,3Co0,7O4 P-NiCo-R2 

Sr1,5Ba0,5Ni0,5Co0,5O4 P-NiCo-R3 

Sr1,5Ba0,5Ni0,7Co0,3O4 P-NiCo-R4 

Sr1,5Ba0,5NiO4 P-Ni-R5 

 

  

  
Fig. 1. Step-by-step SCS synthesis of perovskites: 1.- Gel formation, 2.- 

Gel/crucible (before radiation) and final product, 3.- Before microwave, 

and 4.- After grinding. 

2.2 Characterization  

The synthesized materials were characterized using two 

quantitative techniques: 

I. Fourier Transform Infrared Spectroscopy (FTIR): 

Analysis was performed using a Perkin Elmer Frontier 

FTIR spectrophotometer. 

II. X-ray Diffraction (XRD): Powder diffraction 

measurements were conducted using a Bruker D8 

Advance diffractometer with Cu Kα radiation 

(wavelength 1.5406 Å). The instrument operated at 40 

kV and 40 mA. Data were collected over a 2θ range of 

2º–70º, with a step time of 0.6 seconds and a step size of 

0.02035º. 

3 Discussion and Results 

3.1 Infrared Spectroscopy, FTIR 

The infrared spectra of An+1BnO3n+1 perovskites (n= 0.0–

0.3–0.5–0.7–1.0) with A = Sr/Ba and B = Ni/Co, prepared 

via SCS, are shown in Figure 2. In the NiCo-R series, a broad 

band near 3440.7 cm-1 is observed, attributed to the 

symmetric and asymmetric stretching of the O-H bond, 

corresponding to coordinated water molecules in the mixed 

oxides (Ramos et al., 2015; Neira et al., 2016). Two small 

signals between 2925 and 2855 cm-1 are the result of –CH2–

C=O stretching vibrations with sp³ hybridization; these 

groups originate from an excess of fuel during material 

synthesis (Wade 2004). 

The moderately broad band at 1631.9 cm-1 corresponds 

to the asymmetric deformation of the carboxylate ion COO-

M, a species involved in the material synthesis (Hernández et 

al., 2006). The peak around ~1461 cm-1 is due to the 

asymmetric stretching vibrations of nitrates (NO3
-) from the 

synthesis process or carbonates (CO3
-2) absorbed from the 

atmosphere (Gao et al., 2012; Silva et al., 2015; Darroudia et 

al., 2016; Song et al., 2016). 

 

 
Fig. 2. FTIR Infrared Spectra of Layered Perovskite-Type Oxides 

An+1BnO3n+1 with A = Sr/Ba and B = Ni/Co. 

 

The signal at 1384.6 cm-1 may correspond to the 

symmetric stretching mode of the N-O bond (NO2), 

associated with bidentate coordination compounds (Rendón 

et al., 2006). The small signal observed at 1040.6 cm-1 is 

attributed to the in-plane bending vibration of the C-O bond, 

associated with acetals and saturated aliphatic primary 

alcohols (Gómez 2010). 

In the fingerprint region of M-O interactions (at lower 

wavelengths), characteristic signals of the allowed 

vibrational modes associated with the metals and non-metals 

used are observed: Co+2, Ni+2, Sr+2, and Ba+2, with OH groups 

and oxygen atoms bonded to these metals (O-M-O) 

(Anacona et al., 2013). The low-intensity peak near 873.5 

cm-1 corresponds to vibrations of the Sr-O bond in an 

octahedral site (Sithole et al., 2017; Briceño et al., 2020). The 

band at 858.14 cm-1 is attributed to the vibrational formation 

of the cubic Ba-O bond (Villaquirán et al., 2015). 

At 660 cm-1, several signals may be present, 

corresponding to Sr+2-O bond vibrations (Neira et al., 2016) 

or to vibrations of the face-centered cubic phase of the Ni-O 

4000               3500                3000                2500                2000               1500                1000   500 400

cm-1

P-Co-R1 

P-NiCo-R2

P-NiCo-R3

P-NiCo-R4

P-Ni-R5

M-O



 Lugo et al. 

 

Revista Ciencia e Ingeniería. Vol. 46, No. 1, diciembre-marzo, 2025 

136 

bond (Liu et al., 2013). The Co-O bond's stretching 

vibrations are also located near 660 cm-1 (Radev et al., 2008). 

In the far-infrared region, between 460–450 cm-1, a small 

peak is observed, which may correspond to vibrations of the 

Ni-O bond (Rahdar et al., 2015; Gao et al., 2012) and/or 

asymmetric vibrations of the Sr-O bond (Sultana et al., 

2015). 

Table 2. Band Assignment of FTIR Spectra for Layered Perovskites An+1BnO3n+1 

ν (Ref.) ν (cm⁻¹) Bond Assignment 

3440 3440.7 O–H Symmetric and asymmetric stretching of the O-H group 

3050-2870 2925-2855 CH2–C=O Stretching vibrations of –CH2–C=O with sp³ hybridization 

1650-30 1631.9 COO⁻M Asymmetric deformation of the carboxylate ion (COO⁻M) 

1470-40 1461 N–O/C–O Asymmetric stretching vibrations of nitrates (NO3
-) and/or carbonates (CO3

-2) 

1384 1384.6 N–O Symmetric tension of NO2 (N-O bond) associated with bidentate coordination 

compounds 

1040 1040.6 C–O In-plane bending vibration of the C-O bond, associated with acetals and 

saturated aliphatic primary alcohols 

Fingerprint region of M-O interactions (low wavelength) 

862 873.5 Sr–O Bending vibrations of the Sr-O bond 

860 858.14 Ba–O Formation vibrations of the Ba-O bond 

660 ~660 Ni–O Vibrations of the face-centered cubic phase of the Ni-O bond 

 ~660 Sr–O Vibrations of the Sr+2-O bond 

678 ~660 Co–O Stretching vibration of the Co-O bond 

470 ~460 Ni–O Vibration of the Ni-O bond 

450 ~450 Sr–O Asymmetric vibration of the Sr-O bond 

 

3.2 X-Ray Diffraction (XRD) 

Figure 3 displays the diffraction patterns of the layered 

perovskites An+1BnO3n+1 (n = 0.0, 0.3, 0.5, 0.7, 1.0) with A = 

Sr/Ba and B = Ni/Co. Identifying the phase(s) present in the 

synthesized materials required using the X'Pert HighScore 

Plus 2.1 software and the PDF2-2004 database from the 

ICDD (Takeda et al., 1990). 

 
Fig. 3. Diffraction patterns of the layered perovskites of the type 

An+1BnO3n+1. Card: 01-070-1333 (La2NiO4 Perovskite). 

The formation of the perovskite phase is favored when 

glycine is used as a fuel, as it promotes higher temperatures 

during the combustion process, inducing the formation of the 

perovskite phase (Pérez M. et al., 2015). It is important to 

note that heating to very high temperatures can break the 

perovskite structure, forming metallic phases known as 

Ruddlesden-Popper phases. These phases tend to form 

layered perovskites of the type An+1BnO3n+1 (Savinskaya et 

al., 2007). 

The perovskite phase identified using the PDF2-2004 

database from the ICDD (technical card: 01-070-1333) 

suggests a layered perovskite structure, An+1BnO3n+1 (n = 1), 

specifically La2NiO4. This ceramic material forms due to 

vacancy defect formation during its synthesis at high 

temperatures (Askeland & Phulé, 2004). 

3.2.1 Calculation of Crystalline Domain 

The crystalline domain size in the synthesized oxides 

was determined using the Scherrer equation (Eq. 01) 

(Langford et al., 1978). 

 

𝜷 = 
(𝟎. 𝟖𝟗). 𝝀

 𝑭𝑾𝑯𝑴(𝑺). (𝒄𝒐𝒔 𝟐𝜽)
 (Eq. 01) 

β = Crystalline domain size. 

𝜆 = Wavelength of the radiation used (𝜆Cu) in nm. 

FWHM(S) = Full width at half maximum of the diffraction peak at 

angle 𝜃. 

𝑭𝑾𝑯𝑴(𝑺) =  
𝑺𝑭 𝒙 𝑨

 𝒍
 (Eq. 02) 

SF = Constant related to the shape of the profile, approximately 

0.85. 

A = Sum of the net intensity of all points forming the diffraction 

peak. 

l = Height of the diffraction peak at angle 𝜃. 
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Fig. 4. hkl (103) line peak in XRD used to calculate the crystalline 

domain size of the material (perovskite). 

For all cases, the (103) line of the diffraction pattern was 

selected. This equation relates the width and intensity of the 

peaks to the domain size; the integrated peak width (FWHM) 

of the signal is inversely proportional to the crystalline 

domain size (β). For this calculation, the peak with the 

highest intensity of the dominant phase present in the 

obtained oxides was selected (Fig. 4). 

Table 3 presents the crystalline domain size, determined 

using the Scherrer equation (Eqs. 01–02). It can be observed 

that the prepared solids have an average crystalline domain 

size below the range considered as nanoparticles, i.e., 

diameters smaller than 100 nm. 

 

 

Table 3. Parameters Used in the Scherrer Equation and Determined Crystalline Domain Diameters. 

Code SF Area Height k λ (Cu) 2θ cos2θ FWHM(S) d (nm) 

P-NiCo-R2 0.85 209.8 956.6 1.00 1.54 31.437 0.9998 0.163600 8.379 

    0.89   0.9998 0.092711 16.614 

P-NiCo-R3 0.85 256.4 996.7 1.00 1.54 31.430 0.9999 0.159400 8.599 

    0.89   0.9999 0.090315 17.053 

P-NiCo-R4 0.85 234.1 1034.6 1.00 1.54 31.417 1.0000 0.142300 9.632 

    0.89   1.0000 0.080616 19.103 

 

3.3 Catalytic Test: Dry Reforming of Methane 

3.3.1 Instrumental Response (Gas Chromatography) 

For a Gas Chromatograph (GC), the thermal 

conductivity detector (TCD) response factor was determined 

using Argon as the carrier gas at a 30 mL/min flow rate 

through the system's internal column setup. 

Table 4. TCD Response Coefficients for Each Gas. 

Gas Substance TCD Response Factor 

(relative to CO) 

Hydrogen, H2 8.29 

Methane, CH4 3.76 

Carbon Dioxide, CO2 1.26 

Carbon Monoxide, CO 1.00 

The GC oven operated under isothermal conditions at 

approximately 150 °C. A different response factor was 

verified for each compound (Table 4). 

3.3.2 Pretreatment 

The synthesized layered perovskites were pretreated 

with a hydrogen flow at a rate of 30 mL/min, using a heating 

ramp of 10°C/min, from room temperature to 700°C. The 

temperature was maintained at 700°C for approximately 15 

minutes (Fig. 5). 

3.3.3 Calibration (Gas Chromatography) 

The most significant parameters of the dry reforming of 

methane (DRM) reaction and gas chromatography (GC) were 

calibrated, including mass, reactant flow, temperature range, 

and space velocity, for the kinetic regime of the reaction. The 

ideal conditions to study the kinetics of the proposed 

catalysts for the reaction system are shown in Table 5.  

Table 5. Actual Conditions for Gas Chromatography Analysis 

Parameter Value 

Catalyst Mass (mg) ≥ 0.030 

Total Flow (mL/min) ≥ 50 

Temperature Range (°C) 700 

Space Velocity Range x10⁻³ (mL/g.h) 120–240 

 

 
Fig. 5. Thermal cycle for pretreatment/analysis in DRM using 

layered perovskites as catalysts. 

3.3.4 Reaction Conditions 

Position [2 Theta]

20 30 40 50 60 

a) RT-02

b) RT-03

c) RT-04

Pretreatment → Catalytic Reaction

15 min                            180 min

67,5                          82,5                                             265
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Approximately 30 mg of perovskite (heterogeneous 

catalyst for the DRM reaction) are initially weighed and 

placed in a U-shaped quartz reactor. The reaction is 

conducted at a fixed temperature of 700°C. The molar ratio 

of the reactant species CH4/CO2 in the feed is 1:1, with a total 

volumetric flow of 40 mL/min and a space velocity of 

120,000 mL/g·h. 

3.3.5 Catalytic Results for DRM 

The methane and carbon dioxide conversions, 

selectivity’s toward syngas, and the H2/CO molar ratio for 

the P-NiCo-R perovskites at 700°C are shown in Figure 6. 

It was observed that the partial substitution and 

combination of cobalt with nickel tend to enhance the 

catalytic activity in the DRM reaction and the selectivity 

toward syngas formation (Fig. 6). Almost all the perovskites 

used as heterogeneous catalysts in DRM exhibited good 

thermal stability over a reaction period of ~200 minutes, 

indicating resistance to sintering and minimal deactivation 

due to carbon deposition. This stability is attributed to: 

I. The small particle size, particularly the average size 

of nickel, and 

II. The strong interactions of metallic sites with the 

structure at high temperatures (Sierra et al., 2009; 

García et al., 2010). 

The conversion of carbon dioxide is favored over 

methane in all P-NiCo-RT series solids due to simultaneous 

competitive reactions, such as the reverse water-gas shift 

reaction. In this reaction, CO2 reacts with the H2 formed to 

produce CO and water vapor (Haghighi et al., 2007) (Eq. 03).  

 ΔH°  

CO   H2O ⇆  CO2    H2 +9,8 Kcal/mol (Ec. 03) 

 41,4 KJ/mol  

 

The molar ratio of the products obtained during DRM 

(H2/CO) shows values below unity. The reverse water-gas 

shift reaction (Eq. 03) is likely causing an increase in the 

amount of CO and, consequently, a decrease in the final 

product ratio (Lugo et al., 2010).  
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Fig. 6. Methane and CO2 conversion, syngas selectivity, and H2/CO ratio for perovskites at 700°C. 

Table 6. Average CH4/CO2 Conversion (%), H2/CO Ratio, and Syngas Selectivity for Perovskites at 700°C 

Measured Parameter P/Fe-1 P/NiFe-2 P/NiFe-3 P/NiFe-4 P/Ni-5 

CH4 Conversion (%) 33.81 68.84 72.55 78.68 56.03 

CO2 Conversion (%) 41.54 89.43 98.24 97.63 77.18 

H2/CO Ratio 0.90 0.83 0.84 0.79 0.82 

H2 Selectivity (%) 25.88 5.30 6.12 14.55 24.86 

CO Selectivity (%) 36.17 8.22 8.64 23.95 37.87 

Σ (H2+CO Selectivity %)  62.05 13.52 14.76 38.50 62.73 

 

The selectivity toward the synthesized perovskites' 

reaction products (H2 and CO) is moderate to low due to the 

extreme analysis conditions and competing side reactions for 

the catalytic metallic sites. 

The perovskites with the highest average methane 

conversion during DRM at 700°C over the entire reaction 

time (~200 minutes) were: 

(P-NiCo-R4)  (P-NiCo-R3) 

78,68 % > 72,55 % 

This observed catalytic behavior is likely due to a 

synergistic effect between the metals (cobalt and nickel), 

which significantly enhances the properties of the metallic 

active sites. 
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4  Conclusion 

Mixed oxide perovskites were synthesized via the 

solution combustion synthesis (SCS) method, using glycine 

as a fuel and microwave radiation. This method allowed for 

the rapid, efficient, and cost-effective production of 

nanomaterials. 

Infrared spectroscopy (FTIR) identified the 

characteristic bands of M–O bonds, all below 1000 cm⁻¹, 

some of which were overlapped. When compared with 

reported values, these results confirmed the effectiveness of 

the synthesis method. 

The diffraction patterns of the bimetallic solids (P-

NiCo-R2, P-NiCo-R3, P-NiCo-R4) revealed the presence of 

a predominant phase corresponding to a tetragonal 

perovskite-type mixed oxide (space group: I4/mmm), 

specifically lanthanum nickel oxide (La₂NiO₄), identified 

using card 01-080-1346 from the PDF2-2004 database of the 

ICDD. Furthermore, the crystalline domain size (hkl line 

103) was determined from XRD using the Scherrer equation, 

showing that the diameter was below 100 nm in all cases. 

The catalytic study of the dry reforming of methane 

(DRM) demonstrated that the partial substitution of cobalt 

(Co) with nickel (Ni) enhances the catalytic activity of the 

reaction, highlighting a synergistic effect between the metals 

in the B position. Most perovskites exhibited good thermal 

stability over the reaction period, indicating resistance to 

sintering and minimal deactivation due to carbon deposition. 

Perovskite 1 (P-Co-R1) deactivated during the catalytic 

test due to poisoning of the active site caused by carbon 

deposition, showing the precursor influence of Co on 

hydrocarbons. Perovskite 5 (P-Ni-R5) achieved the highest 
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selectivity despite moderate conversions of CH₄ and CO₂. 

The average methane conversion order for the 

synthesized perovskites in the DRM reaction was: 

 

P-CoNi-R4  P-CoNi-R3  P-CoNi-R2 

78,68 % ˃ 72,55 % ˃ 68,84 % 

 

All bimetallic perovskites showed higher methane 

conversions at 700°C compared to monometallic ones. This 

suggests the existence of a synergistic effect between Co and 

Ni, which enhances the conversion. 

The conversion of CO₂ was favored over CH₄ in all the 

prepared catalysts due to the presence of competitive 

reactions, such as the reverse water-gas shift reaction, which 

consumes part of the formed products. 

The molar ratio of the products (H₂/CO) was less than 

one in all cases, likely due to secondary reactions occurring 

during DRM, contributing to an increased CO quantity. 

The selectivity toward syngas showed varied percentage 

values due to the extreme conditions of the analysis and side 

reactions competing for the metallic sites on the perovskite 

surface. 
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