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Abstract. We present and discuss the results obtained for the 10% Ni-doped LaCoO3 sample, synthesized by solid-state 

reaction. Through the experimental technique, x – ray diffraction, the sample was analyzed and Rietveld refinement of the 

XRD data was used for crystal structural determination, the results found in this process verified a single phase of 

LaCo0.9Ni0.1O3 with rhombohedral crystal structure (space group 𝑅3̅𝑐: R). In turn, the sample was also investigated with Raman 

spectroscopy at room temperature to identify the characteristic Raman peaks of the phase. The morphologic properties of the 

sample were analyzed using Scanning Electron Micrograph and Transmission Electron Micrograph.  
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1. Introduction 

The substitution of transition metals in perovskite-type oxides such as LaCoO3, offers a pathway to 

evaluate their structural and functional properties for various technological applications; such as, thermoelectric 

generators [1, 2], for the use of renewable energies [3-5], and for the recovery of waste heat [6, 7]. Several 

researchers studied the substitution of trivalent ion, Ni3+, for Co3+ in LaCoO3 [8]. The authors investigated the 

electrical and thermoelectric properties of LaCo1-xNixO₃ (0≤x≤0.2) and found that substituting Co³⁺ with Ni³⁺ 

significantly enhances electrical conductivity, though it leads to a reduction in the Seebeck coefficient [8]. In 

addition to the substitution of Co3+ by Ni3+, the substitution of La3+ by divalent ion in LaCoO3, such as Ca2+, Sr2+, 

Ba2+ has a significant influence on the oxygen vacancy concentration and crystal-structure distortions, which also 

affect the physical properties [9, 10]. The thermoelectric efficiency of a material is largely determined by its 

chemical composition, crystal structure, and morphology [11]. However, the literature contains fewer earlier 

reports about the influence of Co3+ substitution with Ni2+ ions on its crystal structure, vibrational modes, and 

morphological features.  

In this work, we report on the synthesis and characterization of a 10% Ni-doped LaCoO₃ (LaCo0.9Ni0.1O3) 

compound prepared by solid-state reaction, with emphasis on its crystal structure, vibrational modes, and 

morphological features.  

2. Materials and Methods 

The polycrystalline LaCo0.9Ni0.1O3 sample was prepared by means of standard solid-state reaction. High-

purity stoichiometric quantities of La2O3, NiO, and Co3O4 were thoroughly mixed and ground in an agate mortar. 

The resulting mixture was then gradually heated in air to 1573 K and maintained for 30 hours. The overall reaction 

is represented by the following equation: 

𝐿𝑎2𝑂3 +
2

3
(1 − 𝑥)𝐶𝑜3𝑂4 + 2(𝑥)𝑁𝑖𝑂 → 2𝐿𝑎𝐶𝑜(1−𝑥)𝑁𝑖𝑥𝑂3 + 𝑥𝑂2 ↑ 

  

The reacted powders were pressed and sintered in air at 1573 K for 48 hours. After sintering, the samples 

were cooled to room temperature in the furnace. The crystal structure of the sintered pellets was characterized by 

X-ray diffraction (XRD) using a Bruker D8 Advance Eco diffractometer with CuKα radiation (λ = 1.5406 Å) in 

the standard θ–2θ configuration. Crystallographic parameters, including unit cell dimensions, were determined 

through Rietveld refinement using the MAUD software. Furthermore, the microstructure of the samples was 
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examined using a Scanning Electron Microscope (JEOL-JSM 6490LV) and Transmission Electron Microscopy 

(TEM). Phase purity was additionally assessed using Raman spectroscopy.  

3. Results and discussion 

3.1 Morphological and structural properties 

Figure 1(a) reveals the SEM micrographs of sintered powders for the LaCo0.9Ni0.1O3 sample. It can be 

observed that the morphology is not very porous, with agglomerated particles forming clusters composed of grains 

ranging between 3 and 3.5 µm. The chemical composition of the samples is shown in the EDS spectra (figure 1 

(b)). The absence of foreign elements in the analyzed samples confirms their compositional purity. 

Figure 2 shows TEM images of the sintered powders. The low-magnification image in Fig. 2(a) reveals 

the morphology of individual crystallites with approximate sizes of ~60 nm, while the high-resolution image in 

Fig. 2(b) displays lattice fringes of crystallites with varying orientations.  

 

Figure 1 (a) 

 

Figure 1 (b) 

Figure 1. SEM micrograph for the LaCo0.9Ni0.1O3 sample (a) and EDS (b). 

 

Figure 2 (a) 

 

Figure 2 (b) 

Figure 2. TEM micrograph for the LaCo0.9Ni0.1O3 sample (a) high-resolution image (b). 

 

Figure 3 displays the XRD pattern of the LaCo0.9Ni0.1O3 sample along with their corresponding Rietveld 

refinements. The diffraction data were refined using the α-LaCoO₃ crystal structure (PDF-1530874) [12], 

confirming the formation of a single-phase LaCo0.9Ni0.1O3, exhibiting a rhombohedral crystal structure (space 

group R3̅c: R), and lattice parameters of a = 5.3416(2) Å and α = 60.7909 (2)° at room temperature. These findings 

are consistent with previously reported data for polycrystalline LaCoO₃ materials [12].  
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Figure 3.  X-ray diffraction pattern of LaCo0.9Ni0.1O3 bulk samples. 

The solid line indicates the Rietveld pattern. Bragg reflections are indicated by tick marks. The difference 

between measured and calculated profiles is shown as a curve at the bottom of the diagram.  

3.2 Raman spectroscopy  

The phase purity of the sample was evaluated using Raman spectroscopy. The LaCo0.9Ni0.1O3 cobaltite 

was characterized with a DXR3 Raman Spectrometer equipped with 532 nm and 785 nm excitation lasers. The 

room-temperature spectrum (Figure 4) shows six vibrational modes at 147.6, 181.2, 473.3, 518.7, 611.6, and 679.5 

cm⁻¹, consistent with the characteristic Raman modes of LaCoO₃.  

The band at ~ 147 cm–1 is associated with Eg La stretching vibration, while that at ~ 679 cm–1 is Raman-

inactive for rhombohedral perovskites, show high scattering intensity due to strong electron–phonon interactions 

[13]. The band at  518,6 and 611,6 cm–1 can be related to the Eg bending vibrations in the non-JT distorted phase 

[14]. The two modes at ~520 and ~ 611 cm–1. This bands can be assigned to the bending-type vibrations of Ag and 

Bg symmetry in the JT distorted phase. Based on the reported phonon energies on rhombohedrally distorted 

perovskite [15, 16], the mode 181,2 cm-1 can be assigned to the Eg vibrational mode of La atoms along the a and 

b axes, 

 

Figura 4. Modos de vibración para la muestra LaCo0.9Ni0.1O3 

4. Conclusions 

In this work, a 10% Ni-doped LaCoO₃ cobaltite (LaCo0.9Ni0.1O3) was successfully synthesized by solid-

state reaction and characterized to evaluate the influence of Ni substitution on its structural, vibrational, and 

morphological properties. XRD analysis followed by Rietveld refinement confirmed the formation of a single-

phase material with a rhombohedral crystal structure (space group R3̅c), consistent with the reported structure of 

undoped LaCoO₃. Raman spectroscopy further supported the phase purity of the sample, revealing seven 

vibrational modes characteristic of LaCoO3. Morphological analysis by SEM and TEM showed that the material 
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is composed of porous agglomerates of micron-sized grains, with crystallites exhibiting well-defined lattice 

fringes. 

These findings contribute to a deeper understanding of the structural and vibrational response of Ni-

substituted cobaltites, offering valuable insights for future studies aimed at tailoring their thermoelectric and 

electronic properties. 
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