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This study focuses on the synthesis and characterization of La0.5Sr0.5MnO3 (LSMO) 
perovskite nanostructures via the hydrothermal method and their catalytic performance 
evaluation in CO oxidation. Structural analysis using techniques like XRD, FE-SEM, 
FTIR, and Raman spectroscopy analysis verified the development of LSMO 
nanostructures exhibiting a rhombohedral phase configuration. The catalytic activity of the 
annealed LSMO nanostructures was assessed, demonstrating significant CO conversion 
efficiency attributed to structural modifications enhancing catalytic performance. These 
findings highlight the potential of LSMO perovskite nanostructures as efficient catalysts 
for CO oxidation. 
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1. Introduction 
 
Carbon monoxide (CO) poses a significant threat to life due to its toxic nature, 

necessitating effective strategies for its oxidation to mitigate atmospheric pollution. Oxides of 
Perovskite-type exhibit significant interest due to their catalytic activity in oxidizing CO. These 
oxides exhibit a distinctive ABO3 crystal structure, where cations with large ionic radii occupy A-
sites and B-sites within the cubic closest packing of oxygen atoms. The structural integrity of 
perovskites, crucial for catalytic activity, is influenced by the tolerance factor, which ideally 
approaches unity under specific temperature conditions, resulting in an ideal crystal structure. 
Nevertheless, variations from this ideal configuration, including orthorhombic, rhombohedral, 
tetragonal, monoclinic, and triclinic symmetries, are noted under different environmental 
circumstances [1-3]. Nonstoichiometry in perovskites can arise from deficiencies in cations (A or 
B sites), as well as anion deficiencies or excesses. 

Lanthanum-transition metal-based perovskites, introduced into catalysis around three 
decades ago [4,5], have emerged as promising candidates, with La0.5Sr0.5MnO3 (LSMO) attracting 
particular interest due to its robust catalytic activity in CO oxidation. The stable perovskite 
structure allows for partial substitutions of La3+ or Mn3+ with foreign cations of different sizes and 
shell configurations, enhancing structural properties. For instance, substituting La3+ with Sr2+, 
Ca2+, Pb2+, or Ba2+ promotes oxidation of Mn3+ to Mn4+, creating ionic vacancies crucial for 
maintaining electroneutrality and catalytic performance [6-8]. 

Catalytic combustion stands as a crucial technique in addressing air pollution stemming 
from volatile organic compounds (VOCs), providing an effective means of decreasing emissions 
such as NOx, CO, and unburned hydrocarbons [9-12]. LSMO perovskites, owing to their inherent 
stability and tailored properties, exhibit remarkable catalytic activity during CO oxidation [14-15]. 
The hydrothermal method stands out for preparing LSMO nanostructures, providing advantages 
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such as high purity, controlled morphology, and unique particle size distributions critical for 
catalytic applications [16-18]. 

 
 
2. Laboratory procedure 
 
2.1. Chemical substances and reagents 
Every chemical employed within this investigation were of analytical reagent grade and 

utilized without additional purification. Dopamine, ascorbic acid, lanthanum nitrate (LaNO3), 
strontium nitrate (SrNO3), manganese nitrate (MnNO3), citric acid (C6H8O7), and potassium 
hydroxide (KOH) were procured from Himedia, India. Ethylene glycol (EG) was obtained from 
SD-Fine Chem. Ltd., India. Deionized water was used exclusively for preparing all solutions. 

 
2.2. Instruments 
The integrity of the phase and crystal structure of the synthesized nanostructures were 

analyzed using a powder X-ray diffractometer (XRD) equipped with Copper K-alpha radiation 
(wavelength=1.5417 angstroms) operating at 50 kilovolts (kV) and 300 milliamperes (mA). 
Fourier transform infrared (FT-IR) spectroscopy was employed for analyzing stretching and 
bending modes, utilizing a BRUKER Tensor-27 instrument. Morphology and composition studies 
were conducted using field emission scanning electron microscopy (FE-SEM) using a Quanta-250 
FEG instrument at an acceleration voltage of 30 kilovolts (kV), along with X-ray energy dispersive 
spectroscopy (EDS). Chemical structure analysis was performed using Raman spectroscopy with 
Horiba LabRAM HR probes. 

 
2.3. Production of LSMO nanostructures 
The LSMO nanostructures underwent synthesis via the hydrothermal technique. 

Stoichiometric quantities of Lanthanum (III), strontium (II), and manganese (II) nitrates were 
utilized as initial materials, dissolved in deionized water to create a 0.5 M solution. Initially, 
separate solutions of La, Sr, and Mn nitrates, along with Cetrimide, were prepared in distilled 
water and agitated. The catalyst preparation occurred under basic conditions, where the 
aforementioned solutions were amalgamated and potassium hydroxide (KOH) was introduced to 
act as an oxidizing agent, maintaining the solution's pH at 12. Ethylene glycol was subsequently 
added, followed by stirring the resulting solution for a specified duration before transferring it into 
a Teflon vessel. The vessel was then subjected to an oven environment maintaining a temperature 
of 200 °C for 12 hours. Post-hydrothermal treatment, the mixture underwent washing with distilled 
water, subsequently dried at 100 °C for overnight. Finally, the substance underwent grinding using 
a mortar and pestle to enhance precursor homogeneity. The schematic illustration depicting the 
hydrothermal synthesis of LSMO nanostructures for CO oxidation is shown in Scheme 1. 

 

 
 

Scheme 1. Schematic illustration for the hydrothermal synthesis of LSMO nanostructures for CO oxidation. 
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2.4. Measuring catalytic activity 
Catalytic activity was evaluated by means of fixed-bed quartz microreactor with an inner 

diameter of 5mm. To mitigate the risk of localized overheating, the substance, maintained at a 40-
60 mesh size, was mixed with 0.25 g of quartz sands. Before conducting the tests, each sample was 
exposed to air (30 mL/min) was passed through the samples at 400°C for 0.5 hours, followed by 
cooling to the desired temperature. CO oxidation was performed using a reactant gas mixture 
consisting of 1% CO, 20% O2, and N2 as the remainder, was directed through the sample bed. The 
flow rate was around 10,000 mL/(g•h). Starting materials and resulting compounds were 
monitored in real-time using a gas chromatograph fitted with a thermal conductivity detector 
featuring a 13X column. 

 
 
3. Findings and analysis 
 
3.1. FE-SEM morphology examination and elemental analysis 
FE-SEM images (Fig. 1a-d) depict surface morphologies of as-prepared and annealed 

LSMO nanostructures, highlighting changes in particle size and morphology with varying 
annealing temperatures.  

 

 

 

 
 

Fig. 1. FE-SEM image of LSMO nanostructures for (a) small and (b) large scale magnification before 
annealing; (c) small and (d) large scale magnification after annealing; (e) EDS spectra of annealed sample. 
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The as-prepared samples exhibited agglomerated particles with irregular shapes, while 
annealed samples at 900 °C for 3 hours displayed a porous network structure. The EDS spectrum 
confirmed the elemental composition of the nanoparticles, verifying their purity [19-21]. 

 
3.2. X-ray diffraction analysis 
The XRD pattern depicted in Figure 2 (a, b) illustrates the as-prepared and annealed 

LSMO nanostructures synthesized via the hydrothermal method. Various factors influence the 
crystalline phase formation under hydrothermal treatment, including pH, temperature, and source 
materials. In our synthesis, the pH exceeded 7, and the temperature was kept at 200 °C, with the 
addition of KOH to ensure proper alkalinity. The introduction of KOH plays a crucial role in ion 
dissociation, leading to a color change to brown during its addition. The as-prepared sample 
exhibited amorphous behavior without any peaks, necessitating a calcination process to eliminate 
residual water and volatile components, thereby enhancing the sample's crystalline structure. Upon 
annealing at 900 °C for 3 hours, sharp peaks appeared, indicating a transition from amorphous to 
crystalline behavior. Substituting divalent Sr2+ for trivalent La3+ in the LaMnO3 perovskite induced 
the formation of Mn4+ ions, creating cation vacancies. The XRD peaks post-annealing indicated 
well-shaped crystal growth with significantly increased intensity compared to the as-prepared 
sample. Intense peaks corresponding to (012), (110), (202), (024), (122), (214), (220), and (134) 
indices were observed, consistent with a crystalline rhombohedral phase structure, closely 
matching standard JCPDS #89-8094. The average crystallite size, estimated from the (110) peak 
using Scherrer’s formula, was found to be 13 nm. 

 
 

 
 

Fig. 2. XRD pattern of LSMO nanoparticles for (a) as prepared and (b) annealed nanostructures. 
 
 
3.3. Fourier transform infrared spectroscopic analysis 
FT-IR spectra (Figure 3 a, b) of as-prepared and annealed LSMO nanostructures were 

examined with the range of 400-4000 cm-1. These spectra offer insights into the functional groups 
and chemical bonding of nanostructured materials. The absorbance peak at 600 cm-1 corresponds 
to the metal-oxygen bond stretching mode within the perovskite structure, confirming LSMO 
nanoparticle formation. Other observed bands at specific wavenumbers indicate various vibrations 
related to metal-oxygen and nitrogen-oxygen bonds, as well as functional groups from the 
synthesis process, such as CTAB and ethylene glycol. The presence of these bands confirms the 
successful formation of LSMO nanostructures and associated functional groups [22]. 
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Fig. 3. FTIR spectroscopic analysis of LSMO nanoparticles for (a) as prepared and (b) annealed samples. 
 
 

 
 

Fig. 4. Raman spectra of LSMO nanostructures for (a) as prepared and (b) annealed samples. 
 
 
3.4. Raman spectroscopic analysis 
Raman spectra (Figure 3 a, b) of as-prepared and annealed LSMO nanostructures reveal 

characteristic vibrational modes indicative of structural changes. The observed peaks at specific 
wavenumbers correspond to vibrational modes associated with Mn-O stretching vibrations of 
MnO6 units, reflective of LSMO nanostructures characteristics. Changes in peak intensities and 
linewidths provide insights into structural alterations induced by annealing, such as the John-Teller 
effect and rhombohedral symmetry [23]. 

 
3.5. Catalytic activity profile 
The catalytic activity profile (Figure 5) of annealed LSMO nanostructures for CO 

oxidation demonstrates their effectiveness at lower temperatures. Structural deviations, cationic 
vacancies, and surface composition changes play crucial roles in enhancing catalytic activity. The 
annealed samples exhibited a porous network structure, contributing to higher catalytic activity, 
attributed to increased active sites and surface oxygen vacancies facilitating CO oxidation. These 
results highlight the importance of structural control and surface modifications in tuning catalytic 
performance [24-26]. 
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Fig. 5. Activity profile for the oxidation of CO for annealed LSMO nanostructures. 
 
 
4. Conclusion 
 
The synthesis of LSMO nanostructures via the hydrothermal method resulted in crystalline 

rhombohedral phase structures having an average crystallite size of 13 nm post-annealing at 
900°C. Structural characterization using XRD, FTIR, and Raman spectroscopy confirmed the 
formation of LSMO nanostructures, revealing metal-oxygen bond vibrations and structural 
alterations due to cation substitutions. FE-SEM analysis showed a transition from agglomerated 
particles to a porous network structure, enhancing catalytic activity. 

Catalytic activity measurements demonstrated significant CO conversion efficiency, with 
10% conversion achieved at 158°C and 50% conversion at 230°C. The enhanced catalytic 
behavior was attributed to increased active sites, surface composition changes promoting oxygen 
vacancy formation, and Mn-rich terminated perovskite surface facilitating CO interaction. 

These findings underscore the potential of LSMO perovskite nanostructures as efficient 
catalysts for CO oxidation, highlighting the importance of structural control and surface 
modifications in tuning catalytic performance. 
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