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Abstract: Nanocrystalline and nanocomposites of Sr doped La 1.xSrxMnOs (x=0,0.3) were synthesised by
the sol —gel citrate method. Structural and dielectric analysis were performed for synthesized
nanocomposites Lai-xSrx MnOs.The XRD of La 1xSr «MnOs (x=0,0.3)shows orthorhombic structure.
Dielectric constant ( €’ and €”) of La 1xSr-MnO 3 (x=0,0.3) were measured as a function of frequency in the
range 42 Hz to 500 MHz and the temperature range 30 to700°C. A ferroelectric like dielectric constant
ranging from 10 # to10 ® was obtained for both. AC conductivity has been studied as a function of frequency
and temperature to understand the conduction mechanism.
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Introduction:

Nanotechnology is the engineering of systems and materials at the molecular scale. As far as
nanomaterials are concerned,LaMnO3 is one of the candidates which has been attracting actual interest
of LaMnOs nanomaterial in chemistry and solid state physics is due to its excellence in electrical and
optical properties[1].LaMnO3(LMO) is an inorganic compound with perovskite structure. It is an A-type
antiferromagnetic insulator with a low Neel temperature [2-5]. Depending on the synthesis process,
LMO samples can be obtained as thin films [6] ,monocrystals [4,7] and polycrystalline powders [8].

When lanthanum ions (La%*) in lanthanum manganese oxide (LaMnO3) are partially substituted
with divalent ions like Sr** a mixed valence state of Mn**/Mn*" is generated, leading to a number of
spectacular physical properties, such as insulating to metal transition, colossal magneto resistance, and
paramagnetic to ferromagnetic transition [9].The electrical magnetic characteristics of( La, Sr) MnOs
(LSMO) can be tuned per device requirements by changing Sr dopant concentration in LSMO. As a
result, LSMO has potential applications in various magnetic devices including magnetic field sensors and
recording devices [10].

The present work is an attempt to study the electrical properties (dielectric and ac
conductivity) of La1.xSrxMnOs (x=0, 0.3) ceramic prepared by sol-gel method.

2. Experimental

Polycrystalline LaixSrxMnO3(x=0,0.3 ) were prepared using sol-gel method. High purity nitrates were
used for the preparation. A stoichiometric mixture lanthanum nitrate and manganese nitrate and
strontium were used as raw materials .A stoichiometric mixture of nitrates was mixed with citric acid and
ethylene glycol and stirred magnetically at 80°C for 3h to obtain a homogenous mixture; the solution
was further heated in a pressure vessel at about 130°C for 12 hrs and subsequently kept at 350°C for 3
hrs a muffle furnace and then milled to a fine powder The dried powder was then calcined in the range of
350°C to 750°C for 6 hrs in order to improve the crystallinity of the powder .The dielectric measurement
were done on the pellets (the pellets of 13.2 mm diameter and15.45 mm thickness were made by
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applying a pressure of 8 tons on the powered sample) by using an LCR meter. Dielectric measurement
were carried out in the frequency range 42 Hz-500 MHz and at temperature range 35 to 700°C

3 .Result and Discussion:

3.1 Structural Analysis

The XRD patterns of the precursor powders LaMnO3z and dopped Lao.7Sro.3MnOs calcined at 550°C for

6 h are shown in Figure 1.
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figure1l:XRD patterns of the (a)LaMnOs3,(b)Lao 7Sro3sMnQO3 synthesis by sol-gel citrate method at 550°C

Figure 1(a), shows the XRD pattern ofLaMnOs,. All the diffraction peaks of the phases are indexed as
perovskite-type with orthorhombic structure. The diffraction datta are in good aggrement with JCPDS
card of LaMnOs3(JCPDS No .50-029 ) .Figure 1(b), shows the XRD pattern of nanomaterial, which
indicates that ions Sr?* partially substitute for La®*ions in the LaMnOs crystal lattice. The ionic radii of
Sr?* (1.21 A) are very close to that of La® and Sr is incorporated into the LaMnOs lattice at the La site.
The mean crystallite sizes (D) of Lao.7Sro3sMnOz powder was deduced from half height width of XRD
peaks based on the Scherer’s equation, t = 0.9A/fcos#, where t is the average size of the particles, 1 is
wavelength of X-ray radiation, 5 the full width at half maximum of the diffracted peak and & is the angle
of diffraction [11]. Extremely broad reflections are observed indicating nano- sized particle nature of the
material obtained. The average particle size of the nanocrystalline Lao7Sro3CrOs according to the

Scherrer formula was in the range of 30 - 35 nm.
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3.2. Surface Morphology
The TEM micrographs, Fig. 2 (a-b) shows particle size and shape morphology of LaMnOs and
Lao.7Sro.3sMnOs nanoparticles calcined at 550°C. The image reveals that the sample consist of spherical
particles with the average size of 60 nm and45 nm which is in close agreement with that estimated by

Scherer formula based on the XRD pattern

500 fm
106 nm

figure 2 (a): TEM image of LaMnOscalcined at 550°C  figure2 (b) TEM micrograph of Lag7SrosMnOscalcined at 550°C
3.3 Dielectric analysis
Figure 3(a-b) shows value of dielectric constant decreasing with increase in frequency for pure
and substituted samples at higher temperatures. This happens due to the presence of all types of
polarizations (i.e. interfacial, ionic, dipolar , electronic and space charge)[ 12 -14]. At higher frequencies,
the main contribution to dielectric constant comes from electronic polarization, as some of the
polarizations become ineffective and thus, the value of dielectric constant decreases .A plot of €” vs.
frequency indicates a strong frequency and temperature dependence with power law behaviour is
shown in Fig. 4(a-b) . The exponential behaviour of &” vs. frequency shows an insulator (or
semiconductor-) characteristic, which suggests that the low frequency enhancement of €” is related to

loosely bound charges. These results are similar to the dielectric response of LaSrFeOs [15]
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fig[3(a-b)]Real part of the dielectric constant as a function of frequency for LaMnOsand La 0.7Sr03sMn0O3

and fig[4(a-b)] imaginary part of the dielectric constant as a function of frequency for LaMnOs and
Lao.7Sro3 MnOgs

3.4 AC CONDUCTIVITY

The ac electrical conductivity was obtained using the relation:

Oac =|/SZ’> ----------- ( 1)

where 1 is the thickness and S is the surface area of the specimen. The variation of 6ac Of for LaMnO3 and La
0.7Sro.3 MnOs as a function of frequency at different temperature is shown in [fig5 (a-b)]. At low temperature

oac varies linearly with frequency .The frequency variation of cac involves a power exponent (Gac o ", N is
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the exponent and can assume the value <1 and ® is angular frequency of a.c. field).This indicate that
conduction process is thermally activated process. At high temperature, frequency independent a.c
conductivity is observed in low frequency region .This frequency independent region increases with
increase in temperature and obeys the following phenomenological law [16]

Gac= Odct+ A.@" (2)

with 0<n<l and A is thermally activated quantity and oqc the frequency independent (dc) part of
conductivity. Also it is observed that the electrical conductivity increases with increase in temperature. A

similar behaviour was observed in (Nao.5Bio5)ZrOz ceramic [17,18] .

Figure 5(c—d) shows variation of a.c. conductivity vs inverse temperature of LaMnOsz and Lag.7Sro3
MnO3z ceramic at various frequency . The a.c. conductivity (oac.) Of the above ceramic materials can be

calculated by using the relation
Oac. = weoer tan o---------- (3)

where 27 = w, o is the permittivity of free space, &r the relative dielectric constant, tano the dissipation
factor [19 ,20, 21]. The a.c. conductivity pattern indicates a progressive rise in conductivity with rise in
temperature at a various frequency. A frequency independent relation between a.c. conductivity and
temperature is studied as
o = oo exp (—Ed/ kBT)-----(4)

where oo is a constant, ks the Boltzmann constant and Ea the activation energy for conduction[22-23]. The
value of activation energy decreases with increase in temperature and also activation energy decreases with
increase in temperature for Sr substitutions. All the activation energies at various frequency for LaMnO3
and La 07Sro.3MnOz are recapitulated in table 1. This type of temperature dependent in a.c conductivity

indicates that the electrical conduction in the materials a thermally-activated process.
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Fig.5(a,b) Frequency-dependent ac conductivity(ca) of LaMnOs and La 07Sro3MnQOz at various

temperatures and Fig.5(c,d) Arrhenius plot of LaMnO3z and La 0.7Sro3MnQOz at various frequencies
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Table 1 :Activation energies of LaMnO 3 and La ¢7Sro3sMnOsat various frequency range

Frequency Activation Energy

Range LaMnOs3 La 0.3Sro.7 MnO3
42 Hz 2.9x107 7.7x10*

81.6 Hz 1.1x10* 1.7x10*

163.3 Hz 9.6x10° 1.57x10°

244.9 Hz 8.7x10° 1.50x10°

326.5 Hz 8.6x107° 1.43x10

408.2 Hz 7.67x10° 1.36x10°
489.8 Hz 6.53x10° 1.30x10°

Conclusion : Polycrystalline sample of Lai1xSrxMnOs (x=0, 0.3 ) perovskite ceramics have been prepared by
using sol-gel technique The XRD pattern of Lao7Sro3sMnOs shows pero-vskite-type with orthorhombic
structure. The results revealed that the particle size is in the range of 30 - 35 nm for Lao.7Sro.3MnOs with
good crystallinity. From the result obtained a small amount of (x = 0.3) Sr doping in Lal.xSrxMnOs changes
the complex dielectric constant substantially as shown in[Fig. 1( a-b )] and [Fig(2c-d)] . Although the strong
frequency and temperature dependence is qualitatively similar to that of LaMnO3, the absolute values
increase by a factor of 1000 in both & and €”, from 10° to 10° and 10° to 10%, respectively. From
conductivity analysis, we observed that the value of activation energy decreases with increase in frequency
for Sr substitutions The ac conductivity was found to obey the universal power law. The pair approximation
type correlated barrier hopping (CBH)model successfully explained the universal behaviour of exponent
.n. Also, the frequency dependent ac conductivity at different temperatures indicated that the conduction

process is thermally activated process .
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