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Abstract 
 

This study investigates the synthesis and structural characterization of the polycrystalline nanocomposite material ytterbium 
manganate-cobalt chromite (YbMnO₃-CoCr₂O₄). The synthesis was performed using the sol-gel and Pechini methods. X-ray 
diffraction (XRD) analysis was used to determine the phase composition, revealing the presence of perovskite-type ytterbium 
manganate and spinel-type cobalt chromite. Data analysis was conducted using the powder diffraction x-ray line (PDXL) 
program, confirming that the nanocomposite is a two-phase system consisting of orthorhombic perovskite and cubic spinel 
phases. Morphological analysis was carried out using scanning electron microscopy (SEM) and high-resolution transmission 
electron microscopy (TEM) to confirm the elemental composition and provide average particle size measurements and their 
distribution. The particle sizes were determined to be 215-525 nm for YbMnO₃ and 2.11-3.19 μm for CoCr₂O₄. Additionally, 
3D surface profiles and nanomaterial growth measurements were obtained using the MP-45030TDI 3D modeling software. 
This synthesized nanocomposite is significant for spintronic devices and multifunctional sensors. 
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1. Introduction 

Perovskite compounds with the chemical formula ABO₃ form 

a large class of materials known for their wide-ranging 

functionalities.[1,2] Typical examples include ferroelectric 

compounds such as BaTiO₃ and PbTiO₃, as well as those 

exhibiting colossal magnetoresistance, like La₁₋ₓBaₓMnO₃. 

These materials are commonly used in applications such as 

converters, actuators, capacitors, memory devices, and 

magnetic sensors. Manganite-based perovskites have garnered 

significant attention due to their quantum phenomena, driven 

by the strong interactions between charge, spin, and orbital 

degrees of freedom. This has led to extensive experimental 

and theoretical investigations into nearly all rare-earth-based  

compounds' structural, electronic, and magnetic properties.[1,2] 

Rare-earth manganites stand out for their extraordinary 

properties, including thermal and chemical stability, 

supermagnetism, superconductivity, supercapacitance, 

photocatalytic activity, thermoelectric efficiency, and 

dielectric behavior.[3,4] Depending on the ionic radius of the 

rare-earth element, manganite-based perovskites can exist in 

either an orthorhombic phase (o-RMnO₃, space group Pbnm) 

or a hexagonal phase (h-RMnO₃, space group P63cm).[5] The 

general formula for these compounds, RMnO₃ (where R 

represents a rare-earth cation), accommodates two crystal 

symmetries, both of which have attracted considerable 

attention due to their fundamental scientific interest and 

practical potential. The hexagonal structure with space group 

P63cm is the most stable crystalline phase for small-radius 

cations like Yb. Recently, perovskites have received increased 

attention for their robust structure, thermal stability, catalytic 

properties, and significant role in energy applications such as 

solid fuels and solar cells.[6-9] Supercapacitance has also 

become a crucial concept in the study of manganite 

perovskites, with YbMnO₃ emerging as a promising material 

due to its desirable supercapacitive properties. 

Supercapacitors are favored among energy storage devices for 
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their higher energy storage efficiency than traditional 

batteries.[10] 

Transition metal spinel structures, characterized by the 

general formula XY₂O₄, have similarly attracted significant 

interest due to their intriguing properties, including colossal 

magnetoresistance (CMR), dielectric anomalies, and 

ferroelectric behavior.[11-13] The spinel family, represented by 

ACr₃²⁺X₄ (where A²⁺ = Mn, Zn, Cd, Hg and X²⁻ = O, S, Se), 

has been extensively studied because of the close correlation 

between their structural, electronic, and magnetic 

properties.[14-16] Magnetism in spinels arises from the partially 

filled d-orbitals in transition metals.[17] Cobalt chromites 

(CoCr₂O₄), in particular, exhibit spontaneous magnetization, 

spin-induced electrical polarization, and outstanding physical 

properties.[18,19] In CoCr₂O₄, magnetic Co²⁺ ions (3d⁷, s = 3/2) 

occupy tetrahedral X-sites, while magnetic Cr³⁺ ions (3d³, s = 

3/2) are positioned in octahedral Y-sites.[20,21] This creates a 

strong X-site preference for Co²⁺, strengthening the Y–Y 

interactions. Cobalt chromites are known for their long-range 

ferrimagnetic order, which occurs at a temperature of 

approximately 94 K.[21,22] In contrast, the X–Y interaction in 

CoFe₂O₄ (cobalt ferrites) is stronger due to the compound’s 

inverse spinel structure. 

When Fe³⁺ ions replace Cr³⁺ ions in the CoCr2O4 lattice, 

some Fe atoms move into tetrahedral positions, causing Co²⁺ 

ions at X-sites to shift towards octahedral regions. This 

substitution alters the electronic and magnetic properties of 

CoCr₂O₄, resulting in a partial inverse spinel structure. 

Consequently, the occupation of Co²⁺ and Fe³⁺ ions at different 

sites affects the transition temperature, particle size, cationic 

charge, magnetic coupling, and electronic states. Since the 

spin states of atoms in other regions vary, the total magnetic 

moment changes accordingly.[21-26] 

Due to their fascinating physical properties, chromite 

spinels are used in multiferroic memory devices,[27] microwave 

absorbers,[28] disk recording media,[29] electrical devices,[30] 

heat-resistant pigments,[31] gas-sensitive materials,[32] and as 

photocatalysts for hydrogen production and pollutant 

degradation.[33] This study presents the synthesis of chromite-

manganite nanocomposites through the sol-gel method. X-ray 

diffraction analysis confirmed the formation of both single-

phase,[34] two-phase composite nanomaterials. Additionally, 

thermal, microstructural, optical, magnetic,[35] and 

magnetocaloric properties of chromite spinel Ni₀.₅Mn₀.₅Cr₂O₄, 

synthesized by the sol-gel method, were investigated.[36] More 

detailed information on the synthesis of magnetization of 

composites and the application of potential polymer materials 

is presented in the papers.[37-39] 

In this project, we synthesized this nanocompound for the  

first time via electrochemical deposition, demonstrating its 

potential as a high-performance supercapacitor and a viable 

candidate for lithium-ion batteries. A manganite-spinel double 

nanocomposite with advanced functional applications was 

synthesized using sol-gel and Pechini methods. The resulting 

material was characterized through qualitative and 

quantitative techniques. 

 

2. Experimental  

2.1 Materials and reagents  

The reagents ytterbium (III) oxide (Yb2O3), manganese (III) 

oxide (Mn2O3), chromic oxide (Cr2O3), and cobalt carbonate 

(CoCO3) were purchased from Darmstadt (Germany) and 

were of analytical grade and used without further purification 

or treatment. The experiment used citric acid and ethylene 

glycol purchased from Sigma-Aldrich (Germany), which were 

used as received. All grinding was done using an agate mortar 

from Sigma-Aldrich (Germany). Deionized (DI) water used in 

this experiment was collected from Puris' reverse osmosis 

system (Puris Eco 1600-M, South Korea). 

 

2.2 Synthesis of YbMnO3-CoCr2O4 composite 

nanomaterial 

The two-phase nanomaterial YbMnO3-CoCr2O4 was 

synthesized using sol-gel and Pechini methods.[40] To obtain a 

double composite, 0.5 g of the initial metal oxides are 

carefully mixed where the metal oxides are doped with 0.2 g 

of cobalt carbonate. The mixture was thoroughly ground in an 

agate mortar and dissolved in 10 mL DI water. 0.5 g of citric 

acid and 2 mL of ethylene glycol (gelling agent) are added, 

which promotes the formation of a homogeneous phase in the 

samples. The mixture is heated in an electric furnace at 70 °C 

until a gel is obtained. The resulting viscous gel is processed 

in a muffle furnace at a temperature of 600 °C for 35 minutes. 

After converting the composition into powder, it was fired at 

increasing temperatures of 700-1100 °C. The firing was 

divided into five stages, totaling 39 h. The result obtained from 

this work was labelled as the synthesised multifunctional two-

phase perovskite-spinel nanocomposite and well preserved for 

characterization and further analysis.  

 

2.3 Characterization 

The phase composition of the as-synthesized perovskite 

nanocomposite was measured using a Miniflex 600 RIGAKU 

X-ray diffractometer (Japan) with an SC-70 detector. A 3-90 ° 

scanning range was selected at 40 kV and 15 mA at a 

diffraction angle of 2θ and a 2 °/min scanning speed. A JSM-

6510LV JEOL scanning electron microscope (Japan) running 

at 5 to 20 kV was used to measure the morphological features 

of the as-prepared nanocomposite. Data processing and 

calculations were done using PDXL and MP-45030TDI 3D 

modeling programs. A high-resolution transmission electron 

microscopy (HR-TEM) analysis was carried out using 

JEM2100 LaB6 (JEOL, Japan) and operated at 80 kV to study 
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the distribution of nanoparticles within the structure of the 

synthesized composite material. 

 

3. Results and discussion 

Analyzing the perovskite nanomanganite's structure through 

X-ray diffraction (XRD) allowed for determining its phase 

composition. The distinct characteristic peaks corresponding 

to CoCr₂O₄ and YbMnO₃ phases confirm the successful 

formation of the perovskite composite. The well-defined, 

sharp peaks observed in the diffraction patterns indicate the 

crystallinity of the synthesized material. As shown in Fig. 1, 

the XRD analysis of the calcined polycrystalline samples 

reveals the presence of two main composites: hexagonal 

ytterbium manganate (YbMnO₃) and spinel cobalt chromite 

(CoCr₂O₄), a multiferroic phase. Prominent peaks 

corresponding to the Miller indices (111), (220), (311), (222), 

(400), (422), (511), and (533) are attributed to the CoCr₂O₄ 

cubic phase, which is in close agreement with previous 

literature.[41] The diffraction peaks associated with YbMnO₃ 

are broader compared to CoCr₂O₄, indicating the formation of 

smaller crystallites.[42]  

 
Fig. 1: XRD of YbMnO3-CoCr2O4 nanoparticles. 

Fig. 2 presents the quantitative analysis of the as-prepared 

composite material. The results, along with the calibration 

data, indicate that the percentage composition is 47% 

ytterbium manganate (YbMnO₃) and 53% cobalt chromite 

(CoCr₂O₄) (Table 2). 

Table 1: Quantitative analysis of the composite material. 

Phase name Formula Content (%) 

Perovskite YbMnO3 47 

Cochromite CoCr2O4 53 

 

According to X-ray phase analysis, the perovskite phase of 

the nanocomposite is YbMnO3. The composition of 

multiferroics has an orthorhombic syngony with a primitive 

lattice type. The spinel phase is CoCr2O4 with a cubic crystal 

structure (Table 2). 

 
Fig. 2: Quantitative analysis results. 

 

The samples' average crystallite size and lattice strain were 

studied using the Williamson-Hall analysis. In this study, we 

analyzed the diffraction profile of the lines via the Williamson-

Hall method. Fig. 1 was used to calculate the full width at half 

maximum (FWHM) of (𝛽ℎ𝑘𝑙 ), and then (𝛽ℎ𝑘𝑙 ) and 2θ were 

used to determine 𝛽ℎ𝑘𝑙cos 𝜃 and 4sin 𝜃 for each peak of the 

YbMnO₃-CoCr₂O₄ nanoparticles. The Williamson-Hall plot 

was employed to calculate the crystallite size P and intrinsic 

lattice strain using Eq. (1): 

𝛽ℎ𝑘𝑙cos 𝜃 =
Κ𝜆

Ρ
+ 1𝑒 sin 𝜃                        (1) 

where P is the crystallite size and e is the lattice strain. 

The crystallite size of YbMnO₃ was 77 nm, and that of 

CoCr₂O₄ was 210.6 nm, based on the y-intercepts of the best-

fit line. These values differ significantly from the crystallite 

sizes observed via scanning electron microscope (SEM) 

(discussed below), as the Williamson-Hall method involves 

several assumptions. Additionally, it was noted that the model 

exhibits a positive slope, which indicates the presence of 

defects, such as point defects, line defects, and surface and 

volume defects within the crystal. These deviations from 

perfect crystallinity led to a broadening of the diffraction 

peaks.[43,44] 

As seen in Fig. 3, several reflection points lie above the line 

of best fit, suggesting that the powder crystallites are thinnest 

in the <100> direction. The intrinsic strain values of 10 and 2 

were respectively calculated for YbMnO₃ and CoCr₂O₄ from 

the slope of Eq. (1). The positive intrinsic strain values 

indicate that the synthesized crystals are under tensile stress 

rather than compressive strain.[43,44]  

The surface and textual morphology of the nanocomposite 

was studied using SEM (JSM-6510LV JEOL), and their 

spectrum is shown in Fig. 4 above. The synthesized YbMnO3 

perovskite, which could be seen as orthorhombic, from Fig. 4 

(A and B), has a structural crystal size from 215 to 525 nm, 

and the CoCr2O4 spinel, which appears to be cubic, has a  

microstructural phase size from 2.11 to 3.19 μm. The energy- 

dispersive x-ray spectroscopy (EDX) spectrum also confirms  
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Fig. 3: Williamson-Hall plot of 𝛽ℎ𝑘𝑙cos 𝜃 vs 4sin 𝜃 YbMnO3-CoCr2O4 nanoparticles. 

Table 2: Result of quantitative analysis of the crystal lattice. 

Phase 

formula 

Types of 

syngony 
а, Å b, Å c, Å V, Å3 

Space 

group 
Z 

Theor. density 

(g/cm3) 

YbMnO3 orthorhombic 5.323(3) 5.579(3) 7.584(4) 225.2(2) Pbnm (62) 4 7.890 

CoCr2O4 cubic 8.3360(18) 8.3360(18) 8.3360(18) 579.3(2) Fd3m (227) 8 5.164 

 
Fig. 4: SEM and elemental composition of a polycrystal YbMnO3-CoCr2O4 composite at 300 nm (A) and 100 nm (B). 

A B

C
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Fig. 5: TEM image of polycrystal YbMnO3-CoCr2O4 composite at 200 and 500 nm. 

 

the presence and proportions of the masses of elements in a 

two-phase nanomaterial (Yb, Cr, Co, and Mn), confirming the 

correspondence of the elemental composition map to 

theoretical data (Fig. 4C). Other trace elements such as Au and 

Ge observed in the spectrum could result from other external 

sources, including sample holders among others. 

To analyze the size and shape of the polycrystal YbMnO3-

CoCr2O4 composite nanoparticles, TEM was used, and the 

results are presented in Fig. 5. The image shows that the 

nanoparticles are well-dispersed and exhibit a spherical shape. 

Additionally, they display some degree of agglomeration and 

appear larger than the average crystallite size obtained from 

the XRD. The presence of agglomeration between 

nanoparticles could possibly result from magnetic interactions, 

as reported in the literature.[45] 

 
Fig. 6: YbMnO3-CoCr2O4 - 3D surface reconstruction. 

MP-45030TDI 3D modeling software was used to analyze 

the surface reconstruction of the synthesized YbMnO₃-

CoCr₂O₄. Contour mapping, utilizing SEM, provided solutions 

for the analysis and visualization of 3D mapping, anaglyph 

images, profiles, and the measurement of nanomaterial growth, 

as shown in Fig. 6. The SEM images also offered a deeper 

understanding of the complex microstructures. This 3D 

imaging technique enables intuitive calculation of surface 

characteristics. From the results, the height of the studied 

microstructure was measured at 20 μm, with a horizontal depth 

of 24 μm, and a metrological surface width of 20 μm. These 

structural analysis results expand the database of 

nanocomposite materials with promising electrophysical 

properties. 

 

4. Conclusion 

The resulting two-phase nanomaterial's phase structure and 

elemental composition were analyzed. The crystallographic 

results confirmed that YbMnO₃, a syngonal type of two-phase 

polycrystal, exhibits an orthorhombic structure. With the 

number of formula units (Z) of iron manganite equal to 4, the 

shape parameters of the orthorhombic unit cell were 

determined as a = 5.323 Å, b = 5.579 Å, and c = 7.584 Å. For 

CoCr₂O₄, which has 8 formula units (Z = 8), the cubic unit cell 

dimensions were found to be a = b = c = 8.3360 Å. 

Additionally, the formation of the product was confirmed 

through nanoscale and elemental composition analysis. Table 

1 presents the relevant data, showing that the YbMnO₃ phase 

(Z = 4) crystallizes in an orthorhombic lattice with the space 

group Pbnm. The CoCr₂O₄ phase (Z = 8), in contrast, 

crystallizes in a cubic lattice with the space group Fd̅3m. The 

as-prepared YbMnO3-CoCr2O4 nanocomposite, combining 

ferromagnetic and mutiferroic phases holds ample potential 

for application in multifunctional devices such as spintronic 

components, energy harvesting, and magnetoelectric sensors 

where a fabrication between electric and magnetic properties 

is crucial for performance improvement. 
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