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Abstract 

 

In the proceeding way of material research in the field of manganites, LCMO micro and 

nanoparticles are synthesized via. the solid-state reaction route, glycine-nitrate combustion method 

respectively. The phase confirmation is done by XRD, FT-IR technique and the surface morphology 

viewed by Scanning Electron Microscope (SEM). The energy band gap obtained from Diffuse 

Reflectance Spectroscopy clearly suggests that the band gap of nanoparticles (2.06eV) is larger than 

that of the microparticles (1.58eV). Both samples comprise of wide band-gap semiconductor, so the 

refractive index is calculated using Herve and Vandamme relation. The impedance spectroscopy and 

dielectric properties of the two samples are studied from room temperature to 100ºC over the 

frequency range 102-106 Hz. The Cole-Cole plot of impedance is fitted using the RC-Circuit 

R(QgRg)(QgbRgb)(CRin). The dielectric property is found to be enhanced in nanoparticles as compared 

to the microparticles. The findings suggest the nanoparticles be promising candidates in the field of 

high frequency devices as compared to micro. 
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1. Introduction 

Impedance spectroscopy is an instructive also, intense strategy for investigating the corresponding 

electric & dielectric properties of materials and furthermore gives information in regards to diverse 

micro and nanostructures, for example, grain, grain boundary and sample-electrode interface [1]. 

Nowadays, the upswing of high dielectric permittivity materials is a standout amongst the most 

essential difficulties of new technologies. The dielectric material with high dielectric constant & 

comparatively low loss is of great technological interest. They play an important role in the 

fabrication of high capacitance gadgets, supercapacitor electrode materials, and high frequency 

devices etc.[2, 3]. 

La1-xCaxMnO3 with 0.2<x<o.5 are very interesting compounds in the group of Ca-doped lanthanum 

manganites as they possess ferromagnetic half-metallic behavior below Curie temperature Tc(~230K) 

& exhibit Colossal Magneto Resistance(CMR). According to Banerjee criterion, a first order phase 

transition occurs from a ferromagnetic metallic phase to a paramagnetic insulator above the Curie 

temperature Tc [4,5]. For La0.7Ca0.3MnO3, the value of Tc is nearly the same for different grain 

sizes but mostly depends upon the preparation method (for sol-gel method ~ 260K). With a decrease 

of grain size (500nm to 60nm) the first order phase transition becomes second order as magnetic dis-

ordering increases [6,7]. At room temperature & above, they show the behavior of an insulator, due to 

the appearance of a large forbidden gap [5]. Being an insulator, we are interested in the high-

temperature impedance spectroscopy & dielectric behavior of LCMO with variation in size. LCMO 

(La0.7 
3+Ca0.3

2+Mn3+Mn4+O3
2-) is a hole doped manganite with manganese valances Mn3+ & Mn4+ play 

a noteworthy part in the electronic structure. Electron hopping in these manganites is caused by MnO6 

octahedrons present in the unit cell [8]. Continuous charge condensation enables them to behave as a 

good dielectric material. The dielectric behavior of Ca-doped lanthanum manganites has been 
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reported in the regime 0.5 close to metal-insulator transition. Due to high dielectric loss (arises from 

semiconducting behavior) these ceramics couldn’t be used for application purposes [9]. The dielectric 

behavior in the region x ~0.3 has not yet been studied. So our aim is to investigate the impact of 

diverse micro and nanostructures on impedance and dielectric properties at and above the room 

temperature. 

2. Experimental Technique 

The LCMO bulk & nanoparticles were synthesized using a solid state reaction method (SSRM) and 

sol-gel auto combustion method (SGAM) respectively. In case of SSRM, the stoichiometric amount 

of La2O3, CaCO3, and MnO2 were taken in an agate mortar pastel & ground for 3 hrs. Then it was 

subjected to calcination at temperature 950˚C for 24hr in the presence of air & the process was 

repeated for another two times followed by intermediate grindings. The calcinated powder was 

pressed into pallets of diameter 10mm using hydraulic press & sintered at 1300˚C for 24hr. In case of 

SGAM, La(NO3)36H2O, Ca(NO3)24H2O and Mn(NO3)22H2O were used as precursors. The 

stoichiometric amounts of these components were dissolved in double distilled water to form a 0.1M 

solution. The equimolar solution of glycine was added to this mixture of oxidants as fuel & kept over 

a hot plate at 100˚C with continuous magnetic stirring. A yellowish xerogel was formed on complete 

evaporation of water which on further heating at 300˚C gave black powder LCMO through the auto 

combustion process. The powder was ground for 15 min & pressed into pallets of the same diameter. 

The pellets were sintered at 800˚C for 5hr & then cooled down to the room temperature. The phase 

formation of the two samples was confirmed by X-Ray Diffraction system (Ultima IV-Rigaku, Japan) 

and FT-IR (PerkinElmer Spectrum) transmission spectra. Surface morphology was viewed by a 

scanning electron microscope (JEOL JSM-6084LV) from which the average grain size was 

calculated. DRS (Shimadzu Corporation Japan/UV-2450) was used to calculate the band gap of both 

the samples and dielectric measurement (HIOKI-IM 3570 Impedance analyzer) was carried out to 

reveal the temperature dependent dielectric behavior of Perovskite LCMO in the frequency range 102-

106Hz. 

3. Results & Discussions 

3.1 Structural Studies 

X-ray diffraction patterns obtained for both LCMO micro & nano particles are shown in the Fig. 1. 

Both are having orthorhombic structure with pnma space group (JCPDS card no.70-2664). In case of 

micro particles the diffraction peaks are more intense & sharp indicating larger particle size in 

accordance with Scherrer formulae, 𝐷 = 𝐾𝜆/𝛽𝐶𝑜𝑠𝜃. Where D is the size of the grain, K is the shape 

factor (=0.9 for circular shape), λ is the wave length of CuKα radiation, β is the Full width half 

maximum & θ is the glancing angle. The particle size was averaged to be 0.4µm for microparticles 

and 50nm for nanoparticles using Scherrer formulae. 

(a)  (b)  
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Fig. 1. (a) XRD and (b) FTIR spectra of LCMO micro and nanoparticles. 

 

FT-IR transmission spectra (Fig. 1(b)) indicates both the samples to exhibit similar spectra which are 

the evidence of perovskite structure, but some shifting in modes of vibration is observed. The peaks 

around 600cm-1(stretching mode of vibration of MnO6 octahedra) shifted towards higher 

wavenumber region whereas peaks around 400nm (bending mode of vibration of MnO6 octahedra) 

shifted towards lower wavenumber region when we go from micro to nano system[10] Amount of 

water absorption is found to be very less in microparticles as compared to the nano. 

3.2 Morphological Analysis 

Micrographs of LCMO micro and nanoparticles is depicted in Fig.2. Both the samples have a porous 

structure and the porosity is quite less in microparticles as compared to the nano. Both are having 

polygonal grains and the average grain size is calculated to be 0.5µm for microparticles and 55nm for 

nanoparticles from the SEM micrograph.  

   

(a)  (b)  

(c) (d)  

Fig. 2. SEM micrograph of (a),(b) LCMO micro and (c),(d) nanoparticles at different magnifications. 

3.3 Optical Analysis 

The values of reflectance R is measured for both the samples in the UV-Visible region (200-800nm) 

using Diffuse Reflectance Spectroscopy. From the R values, the band gap is calculated by 

extrapolating linear portion of the curve plotted between energy (hν) on X-axis and [F(r)hν]2 on Y- 

axis.   

(a)  (b)  

Fig. 3. Optical band gap of (a) LCMO micro and (b) nanoparticles. 
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Here F(r) = (1-R)2/2R, termed as Kubelka-Munk function [11]. From the Fig. 3, optical band gap of 

micro and nanoparticles are found to be 1.58eV and 2.06eV respectively. Both samples are coming 

under wide band gap semiconductor so the refractive index is 

estimated using Herve and Vandamme relation: 
 

            𝑛 = √1 + [
𝐴

𝐸𝑔+𝐵
]
2

                                  (1) 

Where A, B are parameters with values of 13.6eV and 3.4eV respectively. The refractive index of 

microparticles (2.90) is found to be larger than the nanoparticles (2.68).  

   

3.4 Impedance Studies 

The real (Z') and imaginary (Z'') part of the impedance is estimated from the equation Z' = Zcosθ 

and Z'' = Zsinθ from room temperature to 100ºC in the frequency range 102-106Hz. For both the 

samples, the Optimized fitting Cole- Cole plot of impedance is shown in the Fig. 4.  

(a) (b) 

Fig. 4. Optimized fitting Cole-Cole plot of impedance for (a) LCMO micro and (b) nanoparticles. 

 

The plot is fitted using an equivalent RC-circuit R(QgRg)(QgbRgb)(CRin). Where Rg, Rgb, and Rin 

represent grain, grain boundary, and interface resistances. Qg, Qgb are the corresponding constant 

phase elements and Cin interface capacitance in the RC-circuit. R is the contact resistance between the 

sample and the electrode. The Rg (grain contribution) value decreases with the rise in temperature, 

simultaneously Rgb value (grain boundary contribution) and Rin (interface contribution) increase, as a 

result, the center of the semicircular arcs is shifted towards the high-frequency region. This indicates 

both the samples undergo non-Debye type relaxation. Nanoparticles have a considerable high value of 

impedance at every isothermal count due to the presence of the more number of resistive grain 

boundaries [3].     

3.5 Dielectric Analysis 

The dielectric constant (εʹ) is estimated from the equation εʹ = Cp/C0, where C0 = ϵ0A/d. ϵ0 is the free 

space permittivity, A is the cross-sectional area of the pallet sample, and d is the thickness of the 

pallet. In both the samples, the value of εʹ increases with increase in temperature and reduces with 

increase in frequency. At higher frequencies, it tends to attain a constant value through the relaxation 

process. A high εʹ value at the low frequency domain arises from the  
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(a) (b) 

 

Fig. 5. Plot of εʹ with frequency at various selected temperatures for (a) LCMO micro and (b) 

nanoparticles. 

Maxwell-Wagner polarization [13]. For micro particles, a high value of εʹ is observed by cause of 

maximized hopping of charge carriers as compared to nanoparticles. The dissipation factor Tanδ is 

directly obtained from the impedance analyzer. Fig.6. shows the graph of Tanδ with frequency at 

various selected temperatures for (a) LCMO micro and (b) nanoparticles.  

  

 

 (a)   (b)  

Fig.6. Variation of Tanδ with frequency at various selected temperatures for (a) LCMO micro and (b) 

nanoparticles. 

 

Tanδ follows same trend as εʹ i.e., enhances with rise in temperature and found to be comparatively 

high for microparticles.   

 

3.5 AC conductivity Analysis 

Fig. 7. shows the conductivity (σ) plot with frequency at various selected temperatures for (a) LCMO 

micro and (b) nanoparticles. In the conductivity spectra of both the samples, two different regions are 

prominently visible, (i) plateau region i.e., dc conductivity (σdc) and (ii) dispersion region called ac 

conductivity (σac). The point at which slope changes from plateau region to dispersion region is 

termed as hopping frequency. When temperature rises, the hopping frequency (ωp) move towards high 

frequency domain. At higher frequencies, high value of ac conductivity arises from hopping of charge 

carriers in defined clusters.   
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(a) (b)  

Fig.7. Variation of σ with frequency at various selected temperatures for (a) LCMO micro and (b) 

nanoparticles. 

In order to study the ac and dc conduction mechanism, the plots are fitted using Jonscher's double 

power law 

    σ = σdc + Aeiωs1 + Be iωs2                             (2) 

Where A is a pre-exponential constant built upon temperature and materials intrinsic property, ω = 

2πf is the angular frequency, and s1 and s2 are the power law exponent which varies with frequency 

and temperature (0<s1<1, 0<s2<2). From the fitting curves, the value of σdc found to be increased with 

increase in temperature for both the samples as a consequence of thermally activated charge carriers. 

In the event of nanoparticles, the σdc and ωp found to be comparatively low due to the presence of 

more number of resistive grain boundaries. The ac conduction mechanism can be explained on the 

basis of s values. The value of s found to be decrease with rise in temperature. Such behavior clearly 

announces the conduction mechanism to be Correlated Barrier Hopping (CBH) conduction 

mechanism [15]. In both the cases, conductivity curves seem to merge at higher frequencies. The 

value of σac at a particular temperature and frequency is found to be high in case of microparticles. 

4. Conclusion 

LCMO micro and nanoparticles were successfully synthesized via. solid state reaction route and 

glycine nitrate method respectively. Optical band gap of nanoparticles found to be wide as a 

consequence of size effect. Impendence study reveals high grain boundary contribution present in 

nano form as compared to the micro. Dielectric study exhibits a comparatively low loss present in 

nanoparticles, which make it suitable for high frequency devices.  

 

 Acknowledgments 

 I acknowledge for fellowship grants under Board of research in Nuclear Science (BRNS), 

Mumbai with Sanction No.:37(3)/14/19/2014-BRNS/2157 dated 22.12.2014. 

References 

[1] K. R. Nandan, A. Rubankumar, and S. Kalainathan, Structural, dielectric and impedance 

studies of polycrystalline La0.6Gd0.2Ca0.2MnO3, AIP Conference Proceedings. 1731 

(2016) 050127. 

[2] R. J. Cava, Dielectric materials for applications in microwave communications, J. Mater. 

Chem. 11 (2001) 54-62. 

[3] K. L. Routray, B. Sahoo, and D. Behera, Structural, dielectric and magnetic properties of 

nano-sized CoFe2O3 employing various synthesis techniques for high frequency and 

magneto recording devices: a comparative analysis, Mater.Res.Express. 5 (2018) 085016.  



 ICPCM–2018                                                6 – 8th December, 2018 

[4] C. S. Hong, W. S. Kim, and N. H. Hur, Transport and magnetic properties in the 

ferromagnetic regime of La1-xCaxMnO3, PHYSICAL REVIEW B. 63 (2001) 092504.  

[5] J. Y. T. Wei, N. C. Yeh, and R. P. Vasquez, Tunneling Evidence of Half-Metallic 

Ferromagnetism in La0.7Ca0.3MnO3, Phys. Rev. Lett. 79 (1997) 5150-5153. 

[6] L. E. Hueso, P. Sande, D. R. Miguens, J. Rivas, F. Rivadulla, and M. A. Lopez-Quintela, 

Tuning of the magnetocaloric effect in La0.67Ca0.33MnO3−δ nanoparticles synthesized by 

sol–gel techniques, J. Appl. Phys. 91 (2002) 9943-9947. 

[7] M. H. Phan, S. C. Yu, N. H. Hur, and Y. H. Jeong, Large magnetocaloric effect in 

a La0.7Ca0.3MnO3 single crystal, J. Appl. Phys. 96 (2004) 1154-1158. 

[8] A. Arabi, M. Fazli, and M. H. Ehsani, Synthesis and characterization of calcium-doped 

lanthanum manganite nanowires as a photocatalyst for degradation of methylene blue 

solution under visible light irradiation, Bull. Mater. Sci. 41 (2018 ) 77. 

[9] P. Botta, J. Mira, A. Fondado, and J.A. Rivas, Dielectric behavior of La1-xCaxMnO3 (0.4 < 

x < 0.5), Bol. Soc. Esp. Ceram. 45 (2006) 163-168. 

[10] K. Li, R. Cheng, S. Wang and Y. Zhang, Infrared transmittance spectra of the 

granular perovskite La2/3Ca1/3MnO3, J. Phys.: Condens. Matter. 10 (1998) 4315–4322. 

[11] P. M. Aneesh, K. M. Krishna, M.K. Jayaraj, Hydrothermal Synthesis and 

Characterization of Undoped and Eu-Doped ZnGa2O4 Nanoparticles, J. Electrochem. 

Soc. 156 (2009) K33. 

[12] A. O. Turky, M. M. Rashad, A. M. Hassan, E. M. Elnaggar and M. Bechelany, 

Tailoring optical, magnetic and electric behavior of lanthanum strontium manganite La1-

xSrxMnO3(LSM) nanopowders prepared via a co-precipitation method with different Sr2+ 

ion contents, RSC Adv. 6 (2016) 17980-17986. 

[13] S. EL. Kossi, Ch. Rayssi, AH. Dhahri, J. Dhahri, K. Khirouni, High dielectric 

constant and relaxor behavior in La0.5Sr0.25Na0.05Mn0.8Ti0.2O3 manganite, Journal of 

Alloys and compounds. 767 (2018) 456-463. 

[14] Y. Ben Taher, A. Oueslati, N. K. Maaloul, K. Khirouni, M. Gargouri, Conductivity 

study and correlated barrier hopping (CBH) conduction mechanism in diphosphate 

compound, Appl. Phys. A. 120 (2015) 1537–1543. 

 

https://www.sciencedirect.com/science/article/pii/S092583881832557X#!
https://www.sciencedirect.com/science/article/pii/S092583881832557X#!
https://www.sciencedirect.com/science/article/pii/S092583881832557X#!
https://www.sciencedirect.com/science/article/pii/S092583881832557X#!
https://www.sciencedirect.com/science/article/pii/S092583881832557X#!

