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The above synthesized products are set up for different 

characterization techniques like XRD, FT-IR, SEM, UV-Visible, 

Impedance and Dielectric measurements etc. 

1. Structural Analysis- 

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) . 

At room temperature & above, they show the behavior of an 

insulator, due to appearance of a large forbidden gap. Being an 

insulator, we are interested in the high-temperature impedance 

spectroscopy and dielectric properties of both the 

La0.7Ca0.3MnO3(LCMO) micro and nanoparticles. 

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. Continuous 

charge condensation enables them to use as dielectric material. 

 Orthorhombic Structure 

 Pnma Space Group 

 Lattice Parameters a = 0.553, b = 0.554, c = 0.771 for Microparticles and a 

= 0.546, b = 0.547, c = 0.771 for nanoparticles. 

 Both are nearly having the same spectra, gives the evidence of perovskite 

structure, but some shifting in modes of vibration observed. 

 Water absorption found to less in micromaterial as compared to nano. 

2. Morphological Analysis- 

 The grains are randomly 

oriented in the surface having 

different shape(polygonal) and 

size, somewhere they are 

agglomerated due to presence of 

pores. 

 The porosity is quite less in  

micro as compared to the 

nanomaterial. 

 The average particle size for 

micro and nanoparticles 

obtained from SEM micrograph 

0.4µm and 40nm respectively.  

3. UV-Visible Analysis- 

 The energy band gap obtained 

from Diffuse Reflectance 

Spectroscopy clearly suggests 

that the band gap of 

nanoparticles(3.58eV) is larger 

than that of the 

microparticles(2.49eV). 

 Both samples comprise of wide 

band-gap semiconductor, so 

the refractive index is 

calculated using Moss relation 

Egn
4=95eV found to be 2.48 for 

microparticles and 2.27 for 

nanoparticles.  

4. Impedance Analysis- 

 Fig.2 FTIR spectrograph of LCMO micro & nano particles. 

Fig.3 SEM micrograph of (a, b)micro and (c,d)nanoparticles at different magnifications. 

Fig.4 Band gap energy of LCMO micro & nanoparticles.  

5. Dielectric Analysis- 

Fig.6 Variation of  dielectric constant  of (a)micro and (b)nanoparticles with frequency at different selected temperatures. 

 In case of both micro and nanoparticles, dielectric constant (ε') increases with 

increase in temperature. The value of ε' gradually decreases with increase in 

frequency and at the higher frequency, it tends to attain a constant value. 

This attributed to the dipole relaxation, which explained on basis of Maxwell-

Wagner model. 

Fig.7 Variation of  dielectric loss of (a)micro and (b)nanoparticles with frequency at different selected temperatures. 

(a) (b) 

(a) (b) 

 The dielectric loss (ε'') follows the same trend as ε' indicating the grain 

boundary dominance at lower frequencies. This attributed to the 

contribution of the charge carriers and is akin to Koop’s 

phenomenological theory. 

 At a particular temperature, the value of ε'' found to be higher for 

LCMO microparticles.  
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Fig.5 Cole-Cole Plot of  impedance for (a)micro and (b)nanoparticles at different selected temperatures. 

 Cole-Cole plot of impedance is well fitted to the RQ-Circuit R(QR(QR)) 

(grain contribution) and R(QR)(QR) (grain & grain boundary contribution) 

with increase in temperature for both the samples, where Q is a constant 

phase element. 

With the rise in temperature, the resistance of the grain decreases where as 

the grain boundary resistance increases and the centre of the nearly semi-

circular arcs shifted towards higher frequency region indicating non-Debye 

type relaxation present in the sample.  

 At a particular temperature, the value of impedance found to be higher for 

LCMO nanoparticles.  

The LCMO micro and nano particles were successfully 

synthesized using  conventional solid state reaction route and 

sol-gel auto-combustion method respectively. 

The band gap of nanoparticles found to be larger than that of 

the microparticles due to the size effect. 

Cole-Cole Plot of impedance clearly shows the contribution of 

grain and grain boundary at different temperature regime and 

a higher value of impedance observed for LCMO nanoparticles 

as compared to micro.  

The dielectric studies exhibited an enhancement in dielectric 

property in LCMO nanoparticles  as compared to the micro. 

The dielectric properties of LCMO nanoparticles can be 

enhanced by making nanocomposite with  suitable ferroelectric 

or ferromagnetic materials. 

Fig.1 XRD spectrograph of LCMO micro & nanoparticles.  

 At a particular temperature, the value of ε' found to be higher for LCMO 

microparticles. 

5. Conductivity Analysis- 

(a) (b) 

 The conductivity curves are fitted using the double power law 

 σ = σdc + Aeiωs
1 + Be iωs

2 

      Where s1 and s2 are called frequency exponents. 

  The value of both the s1 and s2 decreases in both the samples indicating the 

conduction mechanism to be CBH type conduction mechanism.  

 In the case of nanoparticles, the value of σdc and hopping frequency found to 

be comparatively low due to the presence of more number of resistive grain 

boundaries. 

 The value of σac at a particular temperature and frequency is found to be high 

in case of  LCMO microparticles. 

 

 

Fig.6 Variation of  conductivity of (a)micro and (b)nanoparticles with frequency at different selected temperatures. 


