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Abstract—The solid state reaction method followed by the ball 

milling technique was used to synthesize the nano sized 

La0.72Sr0.28MnO3 (LSMO) perovskite samples with different grain 

size of 43, 35, 30, 23, 16 nm. The rhombohedral structures 

present in the prepared perovskites were explored through the X 

– ray diffraction (XRD) measurements. The functional groups 

present in nano sized LSMO perovskites were obtained through 

the recorded Fourier Transform Infrared spectroscopy (FTIR) 

pattern. The microscopic studies revealed that the particle sizes 

of the nano LSMO perovskite samples were 10 – 130 nm. The 

temperature dependence of the measured electrical properties 

indicates the semiconductor nature of nano LSMO perovskite 

sample. The ultrasonic velocities and attenuation were further 

measured at a frequency of 20 MHz over a wide range of 

temperatures from 300 to 400 K. The occurrence of ferro-

paramagnetic transition temperature (Tc) was explored through 

the observed anomalous behavior in ultrasonic velocities, 

attenuations and elastic moduli. Moreover, the observation made 

from the XRD pattern of nano LSMO perovskite samples were in 

line with the peak broadening in the ultrasonic studies at the 

phase transition. The particle size dependent critical constants 

for the density, ultrasonic velocities and attenuations (both 

longitudinal and shear) were also obtained 

Keywords— Perovskites; nano particle; Ultrasonic 

measurements; Elastic properties; Phase Transition 

I.  INTRODUCTION  

The development of new materials for technological 
applications in various electronic devices like sensors, 
switches, actuators etc., has been intensively studied in the 
present century [1, 2]. The nano sized perovskite manganite 
materials with a chemical composition of R1-xAxMnO3, (where 
R-trivalent rare earth elements and A- divalent alkaline earth 
ions) which has been one of the true engineering materials 
exhibiting novel physical properties [3]. These materials have 
been widely used for the growth of new materials for different 
potential applications such as spanning energy production in 
solid oxide fuel cell [4], radioactive waste encapsulation for 

environmental containment, dielectric resonator materials for 
communication systems and magnetic sensors [5,6]. La1-

xSrxMnO3 (LSMO) perovskite material has been the most 
attractive material due to its high Curie temperature (Tc) and 
colossal magnetoresistance (CMR) arises because of strong 
mutual coupling of spin, charge and lattice degrees of freedom 
[7].  

 In recent years, La1-xSrxMnO3 mixed valent perovskite 
materials with doping  concentration of “x” varying between 
0.1 and 0.4 are vital due to their interesting physico-  chemical 
properties [8]. LaMnO3 with doping of strontium (x > 0.2) 
exhibit high amount of ionic conductivity, chemical stability 
and high spin polarization of the charge carrier. Hence, it has 
been acting as cathode in solid oxide fuel cell over a wide 
range of temperatures (600 – 900 K) [9]. Arao et al [10] have 
reported the occurrence of the structural phase transition in 
lightly doped LSMO (0 < x < 0.08) simple perovskite oxides. 
These lightly doped perovskites are electron insulators. The 
phase transition from ferromagnetic (FM) followed by 
antiferromagnetic (AFM) phase at higher temperatures for the 
concentration of 0.1 < x <0.15 have been reported [11]. The 
perovskites with 0.17 < x< 0.6 is metallic with a ferromagnetic 
ground state caused by the double exchange (DE) mechanism 
between the Mn

3+
 and Mn

4+
 ions [12]. 

 Literature survey has revealed that a lot of studies 
have been carried out on nanoscale maganites due to their 
novel magnetic properties like CMR, giant magnetoresistance 
(GMR), optical properties, thermal and electronic properties 
[13,1,2]. The nano structured perovskite materials have been 
widely used for many areas such as storage devices, nano 
medicine, molecular computing nano photonics tunable 
resonant devices, catalysts, sensors, magnetic refrigeration and 
spin valve devices. Moreover, the properties of manganite in 
nanoscale particles have been easily understood by comparing 
with the results of the different grain sizes of the manganite 
materials [14]. The grain size reduction has played a vital role 
to determine the rich variety of electronic phases [15]. The 
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performance of the nano structured materials has been 
increased with a transition temperature [16]. The mangnetically 
disordered state of the grains has increased due to the reduction 
in particle size. Grain size dependent La0.67Sr0.33MnO3 has been 
shown that the material exhibiting the large magnetic moment 
and high value of FM – paramagnetic (PM) transition 
temperature (370 K). It has been reported that the reduction of 
grain size has led to increase of resistivity [17]. It is interesting 
to note that the structural disorder happening near the grain 
boundary that leads to the DE mechanism causing of intrinsic 
CMR effect, that result in spin disorder and suppression of 
phase transition [16]. 

Various methods have been  used to prepare the nano sized 
LSMO perovskite manganites at different particle size such as 
ball milling method [18], sonochemical method [19], 
electrochemical deposition [20], magnetron sputtering [21], 
pulse laser deposition [22], sol-gel [23], hydrothermal [24], 
spray pyrolysis [25]. The ball milling method is a simplest 
process compared to other techniques, which has received 
much attention as a powerful tool for the synthesis of several 
advanced functional materials [26]. Generally, the transition 
temperature (Tc) of nano LSMO perovskite materials have 
been depend on density, grain size, porosity and atomic 
diffusibility [27]. Thus, the correlation of particle size with Tc 
has been very important tool to understand the structural and 
magnetic properties of nano LSMO perovskite materials. 

In the present investigation, the structural, vibrational and 
electrical properties of the nano sized La0.72Sr0.28MnO3  
(LSMO)  perovskites were characterized by X – ray diffraction 
measurement, Fourier Transform Infrared spectroscopy, 
Brunauer – Emmeet – Teller (BET) surface area measurement, 
High resolution scanning electron microscope (HRSEM), 
Transmission electron microscope (TEM) and conductivity 
studies. In-situ ultrasonic velocities and attenuation 
measurements were also made over a wide range of 
temperature using an indigenously designed experimental set-
up. The particle size dependent transition temperature of the 
prepared nano LSMO perovskite samples has revealed from 
observed anomalies in the ultrasonic parameters. 

II.  EXPERIMENTAL DETAILS  

A. Preparation of sample 

The nano structured  La0.72Sr0.28MnO3 perovskite samples 
of various grain sizes were prepared from high purity 
lanthanum nitrate (99.99%, Alfa Alsar), strontium nitrate 
(99.99%, Alfa Alsar), manganese carbonate (99.99%, Alfa 
Alsar) and citric acid (99.99%, Alfa Alsar)  by conventional 
solid state reaction technique followed by the ball milling 
technique (Fritsch Planetary Monomill, Germany). The 
stoichiometric ratio of the base materials were measured and 
grounded. The mixture was calcined twice at 723 K for 2 h in 
air (Lenton Wire Chamber Furnace, Germany). Further, the 
calcined powders were subjected to high energy ball milling 
with intermediate grounding. Small amount of milled powder 
was taken out from the bowl after 30 mins, 60 mins, 90 mins, 
120 mins and 150 mins milling to check the formation of 
nanostructured material and the samples were denoted as 
LSMO1, LSMO2, LSMO3, LSMO4 and LSMO5 respectively. 
Finally, samples were pressed into pellets with a diameter of 13 
mm and then, sintered at 1273 K for 12 h in atmospheric air. 
The sintered pellets were used for further characterization. 

For structural study, X – ray diffraction measurements were 
conducted using BRUKER AXS D8 advanced XRD, (USA). 
The density of nano sized LSMO samples were measured 
employing Archimedes principle using the CCl4 liquid as 
buoyant. For vibrational studies, FTIR measurement was made 
with SHIMADZU – IR Affinity – 1 Spectrometer, USA  in the 
wave number range of 4000 – 400 

cm-1
. BET surface area 

analyser (Autosorb – 1,Quantachrome, USA) was used to 
determine the surface area of the prepared nano sized LSMO 
perovskite samples [28]. To study the morphology of the 
prepared samples, HRSEM, (Quanta FEG 250, Netherlands) 
was used to carried out. The images obtained by using a TEM 
(CM 200; Philips, USA) were used to reveal the sub structural 
information and particle size of the samples. Electrical 
conductivity was obtained using HIOKI 3351 – 01 LCR Hi 
tester (France) in the range between 50 Hz to 1 MHz at various 
temperatures [29]. Further, the ultrasonic velocities and 
attenuation (both longitudinal and shear) were measured by 
using through transmission method over the wide range of 
temperatures from 300 to 400 K at the heating rate of 0.5 K 
min

-1
 [30]. 

III. RESULTS & DISCUSSION  

The XRD patterns of nano sized LSMO powder ball milled 
at various time have shown in Fig. 1.  

 

Fig. 1.  Experimental X-ray patterns of La0.72Sr0.28MnO3 sample ball milled at 

30,60,90,120 and 150 mins respectively for LSMO1, LSMO2, LSMO3, 

LSMO4 and LSMO5 

 

The observed XRD pattern have confirmed the crystalline 
nature of the prepared samples. It is curious to note that all the 
peaks of the prepared sample has emerged out as an uniform 
crystalline phase with the maximum intensity planes at  [104]  
for LSMO1,LSMO2,LSMO3 and [110] planes for LSMO4, 
LSMO5 respectively. The prepared nano LSMO perovskite 
samples have rhombohedral structure with R3C space group 
[JCPDS file no: 89 – 8098] [17]. The crystalline size of nano 
LSMO perovskite samples have been obtained by using 
Scherrer‟s formula. They have been 43, 35, 30, 23 and 16 nm 
for LSMO1, LSMO2, LSMO3, LSMO4 and LSMO5 
respectively. The obtained grain size denotes the grain size of 
the nano LSMO perovskite which decreases with the increase 
in milling time. A shift in diffraction angle (2θ) to a lower 
value and broader peaks in smaller grain size nano LSMO 
perovskite samples when compared with larger grain size nano 
LSMO perovskite samples were observed. The nano LSMO5 
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perovskite sample has large full width half maximum value 
(0.5292) when compared with nano LSMO1 perovskite sample 
(0.1989). The standard peaks of XRD has broadened out from 
nano LSMO1 perovskite sample to nano LSMO5 perovskite 
sample which in turn revealed that the width of the diffraction 
peak increased with decreasing grain size, since the grain size 
is reduced, the DE interaction has been weakening due to the 
mobility of conduction electrons in the nano LSMO perovskite 
samples [31].  

The density of nano sized LSMO perovskite with different 
grain size was measured. The values of the densities are 6515, 
6389, 6154, 5842 and 5714 kg/m

3
 for LSMO1, LSMO2, 

LSMO3, LSMO4 and LSMO5 respectively. The grain size 
dependent density is shown in Fig. 2.  

 

Fig 2 Grain size dependent density of nano La0.72Sr0.28MnO3 sample ball milled 
at 30,60,90,120 and 150 mins 

The density of the nano sized LSMO perovskite manganite 
material is significantly decreased with the decrease in grain 
size. It is interesting to observed that the reduction of grain size 
from 43 to 16 nm has led to decrease in the density from 6515 
to 5714 kg/m

3
. The physical parameters like density of the 

samples have played a vital role in determining the structural, 
electrical and magnetic properties [32]. 

The FTIR spectrum of nano sized LSMO1 perovskite 
sample is shown in Fig. 3.  

 

Fig 3 FTIR spectra of the nano La0.72Sr0.28MnO3 sample ball milled at 30 mins 
(LSMO1) 

The band observed at 600 cm
-1

 has been IR active that 
correspond to the combination of stretching mode of Mn-O-Mn 

and bending mode of Mn-O bonds. The peak observed at 1623 
cm

-1
 corresponds to deformation mode of water molecule [33]. 

The peaks in the higher wave number ranging 3300 – 3900 cm
-

1
, reveals the stretching vibration of the O – H molecule.  

The HRSEM image of nano LSMO perovskite samples has 
been shown in Fig. 4.  

  

  

 

Fig. 4 (a – e). HRSEM micrograph of nano La0.72Sr0.28MnO3 sample ball milled 
at 30,60,90,120 and 150 mins 

All the images have been inherently uniform and have 
shown an agglomerated spherical like morphology with 
undistributed pores. The particle sizes estimated from HRSEM 
images and the values are 126, 117, 116, 99, 90 nm for 
LSMO1, LSMO2, LSMO3, LSMO4 and LSMO5 respectively. 
The decrease in surface area during synthesis leads to a 
decrease in particle size is observed in the synthesized nano 
LSMO perovskite samples [34]. It is also clear that from 
HRSEM microcraphs the particles are highly agglomerated 
with irregular boundaries due to the high homogenousity 
during synthesis at various milling time [35]. 

The TEM image of nano LSMO perovskite samples has 
been shown in Fig. 5. It is clear that the prepared nano LSMO 
perovskite samples are dissimilar and distributed in different 
sizes. The approximate particle size estimated from TEM 
images. The particle sizes are 41, 33, 27, 21 and 15 nm 
respectively for LSMO1, LSMO2, LSMO3, LSMO4 and 
LSMO5 respectively. Further it is clear from the TEM images 
that the particle size decreases with increase in milling time. 

(a) (b) 

(c) (d) 

(e) 
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Fig. 5 (a –e). TEM micrograph of nano La0.72Sr0.28MnO3  sample ball milled at 
at 30,60,90,120 and 150 mins 

 
The BET surface area of the synthesized nano LSMO 

perovskite samples have been measured [28]. The measured 
BET surface area for the synthesized nano LSMO1, LSMO2, 
LSMO3, LSMO4 and LSMO5 perovskite samples are 23, 29, 
35, 48 and 72 m

2
g

-1
 respectively. It has inferred that the surface 

area increases with a decrease in grain size. The equivalent 
spherical diameter (DBET) have been determined by 
measuring the surface area and the density of perovskite 
samples and the values are 40, 32, 28, 21 and 15 nm for 
LSMO1, LSMO2, LSMO3, LSMO4 and LSMO5 respectively. 
The DBET of the samples decrease with an increase in milling 
time. This is in close agreement with the grain size from XRD 
results [36]. 

The a.c impedance technique has been a powerful tool for 
characterizing the electrical properties of materials. Fig. 6a 
shows the typical impedance real (Z′) and imaginary (Z′′) 
impedance values of nano LSMO1 perovskite sample during 
temperature range of 300 to 400 K. The ionic conductivity of 
the sample was found. The bulk conductivity has been 
calculated from the impedance plot and has been found to be 
1.29×10

-8
, 4.26×10

-8
, 6.10×10

-8
 and 9.18×10

-7
 S cm

-1
 at 300, 

360, 370 and 400 K for nano LSMO1 perovskite sample 
respectively. It has been observed that the conductivity 
increases with the increase in temperature. This indicates that 
the prepared nano LSMO perovskite sample have been in 
semiconductor nature [37]. 

The conductivity of the nano LSMO1 is investigated at 
different temperatures over a wide range of frequencies. The 
frequency dependent conductivity spectrum of nano LSMO1 
perovskite sample is shown in Fig. 6b which has shown a low 
frequency dc plateau and a high frequency dispersive region. 
The dc conductivity value has been determined. The 

conductivity values of nano LSMO1 perovskite sample at 
different temperatures are shown in Table 1.  

Table 1: Temperature dependence conductivity of nano sized LSMO1 
perovskite sample 

Temperature (K) Conductivity (S cm-1) 

300 1.29 × 10-8 

360 4.26 ×10-8 

370 6.10 × 10-8 

400 9.18 ×10-7 

 

In the region of 370 K, there is a dramatic changes in 
conductivity behavior has occurred. This has been attribute 
possible phase transition and Jahn- Teller distortion (JT), which 
is prominent in LaMnO3 based materials [38]. This may 
perhaps extensively vary the orbital overlapping and 
subsequently the hopping of electrons along with the adjacent 
Mn ions. 

 

Fig. 6a.  Complex impedance plot of nano La0.72Sr0.28MnO3 sample ball milled 
at 30 mins (LSMO1) at various temperatures 

 

 

Fig. 6b. The frequency dependent conductivity spectrum of nano 
La0.72Sr0.28MnO3 sample ball milled at 30 mins (LSMO1) at various 

temperatures 

 

The longitudinal, shear ultrasonic velocities and attenuation 
measurements of nano LSMO perovskite samples were carried 
out at room temperature. Fig. 7a – 7d displays the grain size 
dependent of ultrasonic parameters of nano LSMO perovskites. 

(a) (b) 

(c) 

(d) 

(e) 
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A linear increase in longitudinal ultrasonic velocity (UL) is 
observed with a decrease in grain size. Consequently for 
attenuation (αL), it decreases with a decrease in grain size. A 
similar trend has been observed in shear velocity (US) and its 
attenuation (αS) of UL and αL respectively of nano sized LSMO 
perovskite samples. An increase in ultrasonic velocity and a 
decrease in attenuation has been obtained with the decrease in 
grain size. The disordered surface layers and less stored defect 
is observed in the nano LSMO perovskite materials by 
reduction of grain size during the synthesis [39]. 

 

Fig.  7 (a –d). Ultrasonic parameters with various grain size of nano 

La0.72Sr0.28MnO3 perovskite sample at room temperature 
 

As temperature increases, a linear decrease in velocities and 
an increase in attenuation have been observed in the absence of 
structural/phase transitions for any magnetic materials [40]. 
The existence of phase / structural transition in perovskite 
samples leads to dip/peak in velocity/ attenuation [41].  In the 
present study, the velocities and attenuation as a function of 
temperature of nano LSMO perovskite materials from 300 to 
400 K are measured and are shown in Figs. 8 and 9.  

 

Fig. 8. Temperature dependence of  Longitudinal ultrasonic velocity of  nano 

La0.72Sr0.28MnO3 sample ball milled at 30,60,90,120 and 150 mins (LSMO1, 

LSMO2, LSMO3, LSMO4 and LSMO5 respectively) 
 

It is interesting to observe that there is an anomalous 

behaviour of UL and US  instead of  an expected linear 

variation has been obtained as a function of temperature. For 

nano LSMO1 perovskite sample, a monotonic decrease in 

velocity is noted from 300 to 367 K and 381 to 400 K. 

 

Fig. 9. Temperature dependence of Shear ultrasonic velocity of nano 
La0.72Sr0.28MnO3 sample ball milled at 30,60,90,120 and 150 mins (LSMO1, 

LSMO2, LSMO3, LSMO4 and LSMO5 respectively) 

 

An anomalous behaviour is noted in the temperature ranging 
from 367 to 381 K and it is used to study the structural/phase 
transitions in nano LSMO perovskite samples. It is clear seen 
that at the temperature of 367 K there is a sharp dip in velocity 
starts and reaches a minimum at 375 K and further an increase 
in temperature beyond 375 K leads to sharp rise in velocity up 
to 381 K. Similarly, the dip in velocities for LSMO2, LSMO3, 
LSMO4 and LSMO5 are observed for 373, 371, 369 and 368 K 
respectively. A similar behaviour in US is observed as that of 
UL. αL and αS as a function of temperature has shown a reverse 
trend to the velocities as shown in Figs. 10 and 11. 

 

Fig. 10. Temperature dependence of  Longitudinal ultrasonic attenuation of 

nano La0.72Sr0.28MnO3 sample ball milled at 30,60,90,120 and 150 mins 
(LSMO1, LSMO2, LSMO3, LSMO4 and LSMO5  respectively) 

 

The observed dip in velocities and peak in attenuations of 
nano LSMO perovskite samples have been correlated with 
magnetic transition temperature, using the phase diagram of 
both bulk and nano LSMO perovskite samples [42, 36]. It is 
inferred that the temperature at which the minima in velocities 
is related the FM – PM transition temperature of nano LSMO 
perovskite samples. Thus the temperature 375, 373, 371, 369 
and 368 K are denoted as Tc of LSMO1, LSMO2, LSMO3, 
LSMO4 and LSMO5 respectively. It is clear that the Tc value 
decreases with a decrease in particle size. As the particle size is 

(a) (b) 

(c) (d) 
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reduced, the short range magnetic interaction between Mn
3+

 
and Mn

4+
 ions is distorted due to the large number of grain 

boundaries. It has been responsible for the suppression of Tc 
and reduction in magnetization [43].  

 

Fig. 11. Temperature dependence of Ultrasonic shear attenuation of nano 

La0.72Sr0.28MnO3 sample ball milled at 30,60,90,120 and 150 mins (LSMO1, 

LSMO2, LSMO3, LSMO4 and LSMO5 respectively) 

 

Fig.12 displays the particle size dependent TC of 
synthesized nano LSMO perovskite samples. It is evident from 
the Fig.12, it is clearly seen that, when the particle size is 
reduced from LSMO1 to LSMO5 nano perovskite samples, the 
TC value decreases from 375 to 368 K. Further one can easily 
identify the unknown size of the particles from the plot of 
particle size dependent TC.    

 

Fig. 12. Particle size dependent Transition temperature (TC) of nano 

La0.72Sr0.28MnO3 sample ball milled at 30,60,90,120 and 150 mins 

 

The lattice softening and lattice hardening of the perovskite 
manganite materials have been correlated with an increase and 
a decrease in velocity respectively [41]. The occurrence of 
peak height is directly correlated to lattice softening at the 
transition temperature [43]. Hence from the Fig. 8 and 9 it is 
seen that the lattice hardening and lattice softening are 
gradually increased from LSMO1 to LSMO5 nano perovskite 
sample. It is due to the existence of strong electron – phonon 
coupling, when the particle size is reduced. Moreover, the 
observation made from the XRD pattern for nano sized LSMO 
perovskite samples is in line with peak broadening in ultrasonic 
studies at phase transition [33]. 

Further the transition width (ΔTc) of the nano LSMO 
perovskite samples has been noted and as listed in Table. 2.  

Table 2: Temperature range of anomalous region of nano sized LSMO 
perovskite sample 

Anomalous 

Temperature 

LSMO1 LSMO2 LSMO3 LSMO4 LSMO5 

Start          (K) 367 363 359 354 350 

End  (K) 381 379 378 376 375 

Anomaly   (K) 375 373 371 369 368 

 

It is observed that the transition width is wider when the 
particle size is reduced. It indicates that the diffused 
ferromagnetic phase transition is observed with a decrease of 
particle size. Hence, from the observed anomaly in ultrasonic 
velocities and attenuations one can clearly understand an 
abrupt change in coupling between spin, charge, orbital and 
lattice degrees of freedom and interactions at transition 
temperature of nano sized LSMO perovskite samples [44]. The 
observed results show direct evidence for spin–phonon 
couplings of nano sized LSMO perovskite samples. Thus, in – 
situ ultrasonic measurements have been useful in exploring the 
structural and phase transition behaviour in nano sized LSMO 
perovskite manganite materials. Further it is interesting to note 
that as the particle size is decreasing, the Tc is also decreasing. 

IV. CONCLUSION 

In-situ ultrasonic velocity and attenuation studies on nano 
sized LSMO perovskite samples reveal that Tc decreases with 
the decrease in particle size. The lattice hardening and lattice 
softening increases when the particle size is reduced. It is due 
to the existence of strong electron – phonon coupling when the 
particle size is reduced.  Moreover, the observation made from 
the XRD pattern for nano sized LSMO perovskite samples is in 
line with the peak broadening in ultrasonic studies at phase 
transition. The transition width is wider when the particle size 
is reduced. It indicates that the diffused ferromagnetic phase 
transition is observed with a decrease in particle size. In 
addition, the wider transition width observed at Tc reveals 
weakening the double exchange (DE) interactions.   
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