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La2CuO4 perovskite nanoparticles doped with aluminum were synthesized through the 
microwave-assisted combustion technique. Comprehensive studies on the structural, 
magnetic optical, functional and morphological properties were conducted using various 
techniques, including XRD, EDX, VSM, DRS-UV, FT-IR and FESEM respectively, .The 
XRD patterns of pristine La2CuO4 and Al-doped La2CuO4 unequivocally validated the 
exclusive development of a perovskite structure, devoid of any impurities. Nevertheless, 
the augmentation in Al3+ content (x = 0–0.25) induced a noteworthy phase shift from 
orthorhombic to cubic configuration. The average crystallite dimensions spanned from 54 
to 41 nm. Distinct FT-IR bands at approximately 687 and 434 cm-1 were intricately linked 
to the La-O and Cu-O stretching modes inherent to the orthorhombic La2CuO4 phase. The 
energy gap determined through the Kubelka–Munk (K–M) methodology, experienced an 
elevation concomitant with the heightened Al3+ content (1.67–1.72 eV), attributable to 
quantum confinement phenomena. Within the La2-xAlxCuO4 (x = 0 to 0.25) system, the 
genesis of nanoscaled crystallized grains, interspersed with pores resulting from the 
amalgamation of grains, was evident. Analysis of hysteresis curves unveiled the 
emergence of soft ferromagnetic behavior at ambient temperature. 
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1. Introduction 
 
The peculiar physio-chemical characteristics of nanomaterials are a result of their small 

size. They become popular as a result, being used in numerous applications such as 
photodegradation, catalysis, and more [1-4]. La2CuO4 is a perovskite-like substance that has 
gained attention for its wide range of potential uses in the energy and environmental fields, 
including ceramic fuel cell, electrode materials for oxidation and reduction reaction, catalysis, gas 
sensors, superconducting catalysis, and superconductors [5,6]. Materials based on lanthanum 
(La3+) exhibit greater carbon oxidation activity. The increased lattice mobility of O2-ions may be 
related to the function of perovskites as oxidation catalysts. The movement of ions in a surface-
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directed manner can create additional catalytic site for the oxidation of carbonaceous materials [7-
9]. The rock-salt (sodium chloride) structure, represented by AO, and the ABO₃ perovskite 
structure are arranged in alternating layers to create the A₂BO₄ structure, as exemplified by 
La₂CuO₄. In this arrangement, the A-site cation corresponds to a trivalent metal ion, exhibiting 
nine-fold coordination, while the B-site cation represents a divalent metal ion, displaying 
octahedral coordination [10]. 

LCO, or La2CuO4, is a anti-ferromagnetic semiconductor (p-type) that exhibits structural 
variations between tetragonal and orthorhombic forms under the influence of doping, pressure, 
temperature [11]. This metal oxide displays three primary structural phases with P42/ncmBmab, 
and I4/mmm symmetry, namely: (i) High Temperature Tetragonal (HTT): At higher temperatures, 
the tetragonal phase (P42/ncm symmetry) of LCO becomes prominent (ii) Low Temperature 
Orthorhombic (LTO): LCO can also exist in a low-temperature orthorhombic phase (Bmab 
symmetry) (iii) Low Temperature Tetragonal (LTT): At low temperatures, LCO adopts a 
tetragonal structure (I4/mmm symmetry) [12,13]. 

The La2CuO4 nanoparticles were synthesized using a chemical and physical techniques 
such as hydrothermal [14], combustion [15], sol-gel [16], solid state [17] and co-precipitation [18] 
techniques. Velasquez et al. Synthesized La2CuO4 using glycine and used it to convert glycerol to 
hydroxyacetone using the self-combustion method [19-20]. However, there aren't many 
publications on the microwave combustion method used to prepare La2CuO4, which was then 
evaluated for its catalytic activity in glycerol oxidation, exploring its potential applications in 
catalysis. 

 
 
2. Experimental 
 
2.1. Materials 
The chemicals employed in the study, including lanthanum nitrate, aluminum nitrate, 

copper nitrate, and L-alanine, were of analytical grade (99.9%) and were procured from SD Fine 
Chemicals, India. These chemicals were used without any additional purification. During the 
sample preparation process, double-distilled water was utilized. 

 
2.2. Preparation of La2-xAlxCuO4 perovskite nanoparticles 
In order to create a homogenous solution, the ingredients were dissolved in deionized 

water at the desired proportion. L-alanine served as the fuel for the reaction, and the precursors' 
nitrates acted as the oxidizers. In accordance with propellant chemistry theory, the ratio of fuel to 
oxidizer (F/O) was set to 1. After that, the sample was heated using hot air oven 110˚C for 60 
minutes was used to expose the homogenous solution. The solution initially boiled, underwent 
dehydration, breakdown, and gas evolution, producing a black, fluffy powder. The La2-xAlxCuO4 
final products (with x varying from 0 to 0.25) were obtained by calcining the powder at 750°C for 
a duration of 90 minutes. The samples created with La2-xAlxCuO4 (x = 0 to 0.25)at stoichiometric 
concentrations of x = 0, 0.05, 0.15, and 0.25 were designated as a, b, c, and d, respectively. 

 
2.3. Characterization 
The crystalline phase of the powders was analyzed using an X-ray diffractometer (Rigaku 

Model Smartlab 3 kW X-ray diffractometer) within the 2θ range of 20-80°, employing Cu Kα 
radiation with a wavelength of 1.5406 Å. This analysis allowed for the determination of the phases 
present in the formed powders. 

Surface functional groups were analyzed using the Thermo Scientific Nicolet 10 OMNI 
FTIR spectrophotometer, capturing spectra in the wavenumber region of 4000 - 400 cm-1. This 
allowed for the identification of the surface functional groups present in the samples. 
Morphological observations were conducted using a HITACHI S4800 HR-field scanning electron 
microscope (HR-SEM) (EDX) system for elemental composition analysis. Magnetic 
measurements were carried out using a PMC Micro Mag 3900 model vibrating sample 
magnetometer (VSM).  
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3. Result and discussion 
 
3.1. X-ray diffraction analysis 
Figure 1 displays the XRD patterns of the Al-doped La2CuO4perovskite nanoparticles. The 

undoped La2CuO4 exhibits a distinct single orthorhombic perovskite phase characterized by the 
Bmab space group (JCPDS No. 88-0940). It is clear from this that only one La2CuO4perovskite 
phase needs to be prepared using the chosen combustion method, followed by calcination at 750˚C 
for 90 minutes. The XRD pattern exhibits characteristic peaks at specific 2θ values, namely 24.32, 
27.13, 31.04, 33.07, 33.38, 41.23, 41.67, 43.45, 47.76, 53.86, 54.45, 55.85, 58.04, 64.82, 65.31, 
69.60, 70.00, 75.28, 76.50, and 78.54. These peaks correspond to the crystallographic planes 
(111), (004), (113), (020), (200), (006), (115), (204), (220), (206), (117), (224), (133), (226), 
(135), (040), (400), (331), (228), and (333), respectively. Upon the introduction of aluminum 
doping, a noticeable change in the pattern was observed. Specifically, a new secondary phase, 
LaAlO3perovskite, emerged as a result of the aluminum doping process. 

 

 
 

Fig. 1. XRD patterns of La2-xAlxCuO4(x = 0.0, 0.05, 0.15, and 0.25) nanoparticles. 
 
 
The production of a phase system, orthorhombic (La2CuO4) crystal structure following the 

substitution of La3+ by Al3+ ions demonstrates the creation of a composite. No complete phase 
transition has been seen besides the emergence of the extra phase Al2O3, La2O3, and CuO impurity 
phases are also not present. According to JCPDS card Nos. 82-0169, the La2CuO4 compounds 
have been indexed with the Cmca space groups, respectively [21,22].  

The X-ray diffraction data were utilized to calculate the lattice parameters of the 
orthorhombic perovskite nanocomposites, employing equations (1) and (2). 

 

                                                                  (1) 

where a, b, c, are the crystal lattice constants, and d is the inter-atomic distance. In Table 1, you 
can find the calculated lattice parameters a, b, and c, along with the unit cell volume (V), for both 
the cubic and orthorhombic perovskite phases. The variation in lattice parameters (as shown in 
Table 1) is attributed to the disparity in ionic radii between Al³⁺ and L a³⁺  ions, as well as the 
influence of cation concentration in a solid solution on the miscibility limit of the corresponding 
phase formation. 
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Table 1. Sample code, crystallite size, lattice parameter, Rietveld refinement factors,  
and band gap values of La2-xAlxCuO4 (x = 0.0, 0.05, 0.15, and 0.25) samples. 

 
Sample Sample 

code 
Crystallite 

Size, L (nm) 
Lattice 

Parameter, a, b 
& c (Å) 

Fit 
Parameters 

Energy gap (eV) 

La2CuO4 a 54 5.835 
5.838 
13.149 

Rwp= 6.39 
Rp = 4.96 
Re = 5.84 
S = 1.09 

1.67 

La1.95Al0.05C
uO4 

b 50 5.831 
5.834 
13.145 

Rwp = 6.72 
Rp = 5.26 
Re = 5.98 
S = 1.12 

1.70 

La1.85Al0.15C
uO4 

c 45 5.826 
5.829 

            13.138 

Rwp = 7.70 
Rp = 5.63 
Re = 5.93 
S = 1.30 

1.71 

La1.75Al0.25C
uO4 

d 41 5.819 
5.822 
13.135 

Rw p = 9.96 
Rp = 6.63 
Re = 5.69 
S = 1.75 

1.72 

 
 
Aluminum incorporates into the La2CuO4 host lattice by occupying La³⁺ sites. The 

average crystallite size (D) was calculated using the Debye-Scherrer formula. 
 

                                                                                (2) 

where, θ is the Bragg diffraction angle, λ is the X-ray wavelength, and β is the full width at half 
maximum (FWHM). The undoped La2CuO4 has an average crystallite size of about 41 nm, 
according to Table 1. La2CuO4 (orthorhombic) crystallite sizes between 41 and 54 nm 
respectively. The alterations in crystallite size for both La2CuO4 phases stem from the intricate 
interplay of atomic arrangements influencing grain growth. Preferential orientation along the facile 
direction during grain growth plays a pivotal role [23]. These fluctuations in crystallite dimensions 
are intricately linked to experimental factors like aluminum dopant concentration and intrinsic 
factors such as dopant nature and the crystal structure type, be it orthorhombic or cubic [24]. 

The Rietveld refinements carried out using the Fullprof software on the La2CuO4 are 
shown in Fig. 2. The improvements were made in order to validate two phase creation. The X-ray 
diffraction patterns of La2CuO4 nanoparticles, both observed and computed, exhibit a 
commendable agreement (Fig. 2). Additionally, the values listed in Table 1, approaching unity, 
indicate a close proximity of the observed and calculated 2θ values. The parameter 'S,' derived as 
the ratio Rwp/Re, where Rwp is the weighted profile and Re is the predicted weighted profile 
reliability factor, was employed to assess the goodness of fit. A 'S' value near unity validates that 
the refined parameters are estimated with high precision, suggesting an excellent goodness of fit. 
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Fig. 2. Rietveld analysis ofLa2-xAlxCuO4(x = 0.0, 0.05, 0.15, and 0.25) nanoparticles. 
 
 
3.2. FE-SEM and EDX analysis 
The intra-granular pores in the La2CuO4 nanoparticles are visible in the FE-SEM 

micrographs of Fig. 3, during the pore structure are made of coalesced grains with identifiable 
grain boundary. Additionally, as aluminum concentration rises, bigger grains become smaller 
while intra-granular porosity rises. The La2CuO4 nanoparticles elemental composition was 
examined by EDX (Fig. 4), which proved the existence of La/Al, Cu, and O element. The 
accompanying inset table provides the respective proportions of the elemental composition. 
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Fig. 3. FE-SEM images of La2-xAlxCuO4(x = 0.0, 0.05, 0.15, and 0.25) nanoparticles. 
 
 

 

 
 

Fig. 4. EDX spectra ofLa2-xAlxCuO4(x = 0.0, 0.05, 0.15, and 0.25) nanoparticles. 
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3.3. Optical properties 
The room-temperature UV-visible diffuse reflectance spectra of the Al dopedLa2CuO4 

system underwent analysis within the wavelength range spanning 200–800 nm, aiming to unveil 
its optical characteristics. Studies on diffuse reflectance are essential for determining the optical 
energy band gap. Using the updated Tauc relation provided by Eq. (3), it is calculated as follows 
[25]: 

 

                                                                   (3)                                                
 
Here, the symbols 'n' represent direct (n = 1/2) and indirect (n = 2) transitions, 

corresponding to direct and indirect band gaps. Typically, the Kubelka-Munk function [F(R)] is 
employed for the analysis of powder samples [26]. It transforms diffuse reflectance (R) into an 
equivalent absorption coefficient (α), as denoted by Equation (4): 

 

                                                                      (4) 
 
The values of direct band gap displayed in Fig. 5 are obtained by extrapolating the linear 

sections of a graph among [F(R)hυ]2 and hυ. For x = 0, 0.1, 0.3, and 0.5, respectively, the 
computed band gaps energies for the Al doped La2CuO4perovskite nanostructured system are 1.67, 
1.70, 1.71, and 1.72 eV. Pure La2CuO4 has an energy band gap value of 1.67 eV, which is lower 
than the values of 1.88 eV and 1.24 eV reported in the literature [27].  

 
 

 

 
 

Fig. 5. (F(R) h)2versus hυ plots for La2-xAlxCuO4(x = 0.0, 0.05, 0.15, and 0.25 ) nanoparticles. 
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The manifestation of this phenomenon might be attributed to the effects of quantum 
confinement, particularly prevalent in the nano-scale domain. Due to the reduction in the ionic 
radius of La3+ compared to the host Al3+(1.84 nm) upon aluminum doping, an effective substitution 
accentuates the bond-mismatch, particularly by constricting the (LaO)2 layers [28]. It causes the 
CuO sheet to expand, which raises the band gap in the La2CuO4 system with Al doping. 

 
3.4. FTIR analysis 
The maturation of the perovskite architecture and the scrutiny of surface functional groups 

were appraised employing Fourier Transform Infrared (FTIR) spectroscopic analysis. The Al 
doped La2CuO4 system's Fourier transform infrared (FTIR) spectra were captured between 4000 
and 400 cm-1 in Fig. 6. The vibrational stretching of O-H bonds in adsorbed water molecules can 
be associated with the broad spectral band peaking at around 3434 and 3750 cm-1. This band might 
be a result of moisture's influence, which is less substantial for all samples, throughout the 
preparation of the sample for analysis [29]. The identification of a faint band in the range of 1184-
1803 cm-1 can be ascribed to the presence of the O-O band. Additionally, a second subtle band at 
2853 cm-1 may be associated with lingering nitrogen groups, stemming from the chosen 
combustion pathway during the synthesis of the materials [30]. At 434 cm-1 and 528 cm-1, the CuO 
stretching mode band is seen. Additionally, the two bands at about 687 cm-1 and 1015 cm-1 are 
connected to the orthorhombic La2CuO4 phase's LaO and CuO stretching modes, which conform 
to the construction of the perovskite structure [31,32].  

 
 

 
 

Fig. 6. FTIR spectra of La2-xAlxCuO4(x = 0.0, 0.05, 0.15, and 0.25) nanoparticles. 
 

 
3.5. Magnetic properties 
The magnetic characterization of Al-doped La2CuO4 (x=0 to 0.25) is illustrated in Fig. 7, 

encompassing a magnetic field range spanning +15 kOe to -15 kOe. The M-H loops affirm the 
manifestation of ferromagnetic behavior at room temperature for La2-xAlxCuO4 (x = 0 to 0.25), 
elucidated further in Table 2. The magnetic saturation (Ms) and remanent magnetization (Mr) 
values for the Al-doped La2CuO4 (x = 0 to 0.25) system range from 0.44 to 0.08 emu/g and 3.16 to 
0.65 emu/g, respectively. The coercivity (Hc) values exhibit variation within the range of 21.22 to 
133.42 Oe. 
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Fig. 7. Hysteresis loop of La2-xAlxCuO4(x = 0.0, 0.05, 0.15, and 0.25) nanoparticles. 
 
 

Table 2. Coercivity (Hc), Remanant magnetization (Mr) and Saturation magnetization (Ms) values of La2-

xAlxCuO4 (x = 0.0, 0.05, 0.15, and 0.25) nanoparticles. 
 

Sample Sample Code Hc (Oe) Mr (emu/g) Ms (emu/g) 
La2CuO4 LCO1 21.22 0.44 3.16 

La1.95Al0.05CuO4 LACO2 174.43 0.03 0.41 
La1.85Al 0.15CuO4 LACO3 160.35 0.02 0.43 
La1.75Al 0.25CuO4 LACO4 133.42 0.08 0.65 

 
 
The profound alterations in M-H loops were scrutinized through the Al substitution in 

La2CuO4. Hence, shifts in magnetic attributes such as coercivity (Hc), saturation magnetization 
(Ms), and remanent magnetization (Mr) can yield valuable perspectives on the material's magnetic 
response [33]. Typically, the incorporation of impurities or dopant atoms has the capacity to exert 
an influence on the magnetic characteristics of a material. Certain dopants, such as aluminum ions, 
have the potential to elevate coercivity while concurrently diminishing the overall saturation 
magnetization. The escalation in coercivity implies an augmented difficulty in aligning or 
reversing magnetic domains within the material [34]. This phenomenon could stem from factors 
such as heightened magnetic anisotropy, the introduction of defects, or alterations in the crystal 
structure. As the reorientation of domains becomes more challenging, there is a potential decrease 
in the material's remanent magnetization (Mr). In this scenario, magnetic properties can be 
markedly affected by the size and shape of nanoparticles [35,36]. The concurrent increase in 
coercivity (Hc) alongside a reduction in saturation magnetization (Ms) and remanent magnetization 
(Mr) may suggest the material undergoing nanostructuring, potentially leading to quantum size 
effects or heightened surface effects [37]. The observed smaller crystalline size in the doped 
samples, compared to pure La2CuO4, indicates a higher proportion of surface atoms in the La2-

xAlxCuO4. 
 
 
4. Conclusion 
 
The synthesis of La2-xAlxCuO4perovskite nanoparticles was accomplished through the 

microwave-assisted combustion method. The undoped La2CuO4 revealed a sole-phase perovskite 
characterized by an orthorhombic structure. The emergence of FT-IR bands at approximately 687 
and 434 cm-1 is associated with the La/Al-O and Cu-O stretching modes of the orthorhombic 
La2CuO4 phase, affirming the perovskite structure. Concurrently, the optical bandgap witnessed a 
reduction from 1.67 to 1.72 eV, corresponding to the escalating Al3+ content from x = 0 to 0.25, 
respectively. The La2-xAlxCuO4 (x = 0 to 0.25) samples exhibit the development of nanosized 
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crystallized grains, featuring porous structures and pore walls composed of fused grains. EDX 
analysis confirmed the presence of La, Al, Cu, and O elements. The La2-xAlxCuO4 (x = 0 to 0.25) 
samples exhibit characteristics that make them potentially valuable in applications such as 
magnetic materials, catalysis, electronic devices, energy storage, sensors, and ceramics. The 
observed properties, including soft ferromagnetic behavior and unique structures, contribute to 
their versatility in various fields. 
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