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On-line measurements of ultrasonic longitudinal velocity, shear velocity and longitudinal 
attenuation were carried out on R

1-x
Sr

x
MnO

3
 perovskites (R  =  La, Pr, Nd and Sm) for different 

compositions of Sr, at a fundamental frequency of 5 MHz over wide range of temperatures using 
the through-transmission method. The observed maxima/minima in velocities and attenuation have 
been discussed with decrease in ionic radii and composition. As a decrease in the ionic radii of rare 
earth elements leads to a decrease in transition temperature (T

c
), the results that are observed show 

that measurement is one of the best tools to explore the structural/phase transition on-line velocity in 
perovskite manganese materials as a function of the ionic radii of rare earth elements.

Keywords: perovskite, magnetic materials

1.	 Introduction
R

1-x
Sr

x
MnO

3
 (where R is a rare earth element such as 

La, Nd, Sm, Pd) perovskite manganites have been a subject 
of interest due to their exotic properties and phenomena 
like colossal magnetoresistance (CMR)1-3. It exhibits a very 
rich phase diagram due to the subtle competition among the 
interactions involving the spin, lattice and charge degrees of 
freedom1. The modest variation in the dopant concentration, 
preparation methods, cation deficiency etc., can cause 
profound changes in their magnetic states i.e., ferromagnetic 
(FM) and antiferromagnetic (AFM)4. The transport 
properties like dirty metal, insulator, semiconductor, polaron 
hopping and the structural characteristics such as Jahn‑Teller 
induced strains and orthorhombic to rhombohedral 
transformation depends on dopant and its concentrations5-6.

The phase transition temperature (T
C
) which separates 

FM metallic state from paramagnetic (PM)/AFM insulating 
states depends on the concentration of rare earth and alkaline 
elements6. Further, the substitution on dopant results in the 
CMR effect several times larger than pristine manganite. 
It is evident that the absence of unpaired electrons on the 
doped Mn sites which break the hole propagation in the 
manganese oxygen lattice as the doping content increases, 
and consequently leads to a decrease in T

C
7-8. The small 

difference between the different substitutions may be due 
to the combined effects of size and valence of the dopant. 
The substitution of trivalent by divalent element leads to 
the replacement of Mn3+ ions by Mn4+ sites9. The doping of 
rare earth ions on Mn sites with unchangeable tetravalent 
element inevitably weakens the double exchange (DE) 
interactions in Mn3+-O-Mn4+ co-valent structures. Hence, it 
is expected that the electrical/magnetic properties and the 
CMR effect of the perovskite manganite material are more 

sensitive due to the substitution of the dopant element10. The 
interactions between Mn3+ and Mn4+ ions play a vital role 
in the determination of the phase transition of manganite 
perovskites. The DE interactions between Mn3+ and Mn4+ 
ions are also affected by the influence of ionic radius of 
trivalent elements (rare earth elements) and tetravalent 
elements (Mn sites)11.

Rare earth oxides such as La, Sm, Pr and Nd are one of 
the most important additives in SrMnO

3
 based perovskites 

for sensor applications12-13. The various attempts14-17 have 
been focused on perovskites doped with various rare earth 
elements. Even though, it is necessary to investigate the 
correlation between the phase transition temperature and 
with ionic radius of the rare earth elements. The structural 
changes in the substitution of rare earth element in SrMnO

3
 

perovskite manganite materials are well reflected in the 
density/modulus and hence, these changes are well reflected 
in the measured ultrasonic velocities. The excellent property 
of the ultrasonic waves makes it to gain knowledge about 
the origin of the metal-insulator transition, structural 
changes, phase transitions and magnetostriction effects. 
The importance of ionic radii in addition to the change in 
composition of Sr has been studied extensively employing 
resistivity17, conductivity18, Mossbauer19 and magnetic20 
studies.

Even though, different techniques are known in 
exist to explore structural/phase transition temperatures 
in perovskites manganite materials, on-line ultrasonic 
measurement is important tool due to their precise on-line 
evaluation of structural/phase transitions, non-destructive 
method of measurement, accurate and reproducibility of 
results than any other experimental methods21. It is inferred 
from the literature that no attempts have been made to *e-mail: veerajendran@gmail.com
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compare the T
c
 using ultrasonic studies by changing the R 

and x values.
In the present investigation, a systematic study has been 

made on ultrasonic longitudinal velocity (U
L
), shear velocity 

(U
s
) and longitudinal attenuation (α

L
) in R

1-x
Sr

x
MnO

3
 

perovskites manganite materials for different Sr contents 
over wide range of temperatures. The observed anomalous 
behaviour in ultrasonic velocities and attenuation are 
discussed with the phenomenon such as phase transition, 
CMR and GMR effects with the change in ionic radius of 
rare earth elements and Sr content.

2.	 Experimental

2.1.	 Sample preparation

La
1-x

Sr
x
MnO

3
 (LSMO; x  =  0.28, 0.31 and 0.36), 

Pr
1-x

Sr
x
MnO

3
 (PSMO; x = 0.28, 0.33, 0.35, 0.38 and 0.41), 

Nd
1-x

Sr
x
MnO

3
 (NSMO; x = 0.31, 0.35, 0.37, 0.39 and 0.41) 

and Sm
1-x

Sr
x
MnO

3
 (SSMO; x = 0.25, 0.30, 0.37, 0.40 and 

0.44) perovskite samples were prepared using a solid-state 
reaction technique22-25]. The measurement of U

L
, U

s
 and 

α
L
 was made over a wide range of temperatures as described 

elsewhere22-25.

2.2.	 Ultrasonic velocity measurements

Ultrasonic velocities were measured using a high‑power 
ultrasonic process control system (FUI1050; Fallon 
Ultrasonics Inc., Canada), a 100 MHz DSO (54600B; HP, 
USA) and a PC as discussed in our earlier studies22.

2.3.	 Attenuation measurements

The attenuation coefficient was calculated by measuring 
the amplitude of received pulses with waveguides (A

w
(f)) 

and waveguides with sample (A
s
(f)), using the following 

relation22:

( ) ( )
( )

w

s

1 A f
f InT In

d A f
  

α = +      	
(1)

3.	 Results and Discussion
The T

c
 values of each composition in all the perovskites 

were obtained from the observed maxima/minima in U
L
, 

U
s
 and α

L
. The composition- and ionic radii-dependent T

c
 

values are shown in Figure 1. The observed prominent peaks 
in U

L
 and U

s
 for all perovskites with different compositions 

have been obtained from the measured velocities22-25. The 
T

c
 values obtained from the magnitude of U

L
 and U

s
 in all 

perovskites and compositions are shown in Figures 2 and 3 
respectively. The maxima/minima values in velocities that 
are observed are mainly because of the occurrence of lattice 
softening, that is, the contributed effects of lattice softening 
above T

c
 and lattice hardening below T

c
23,26. Similarly, 

the attenuation maxima/minima in all perovskites at the 
respective T

c
 value that are observed have been identified. 

The maxima/minima α
L
 as a function of perovskites and their 

composition are shown in Figure 4. The T
c
 in all perovskites 

that is observed shows the existence of competition among 

Figure  1. Variation of Curie temperature as a function of 
composition.

Figure  2. Variation of longitudinal velocity as a function of 
composition.

the PM, FM and AFM phases21,24,26. The values of ionic radii 
for rare earth elements, La, Pr, Nd and Sm, are 1.172, 1.13, 
1.123 and 1.098 Å respectively.
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Figure 1 shows that T
c
 values strongly depend on the 

ionic radii of rare earth elements. For example, at a fixed 
composition of Sr, say x = 0.28 in case of La

1-x
Sr

x
MnO

3
 

and Pr
1-x

Sr
x
MnO

3
 perovskites, the replacement of the rare 

earth element, La, by Pr reduces the T
c
 value from 380 to 

261 K. Similarly, for x = 0.35, the replacement of Pr by 
Nd (Nd

1-x
Sr

x
MnO

3
) leads to a reduction in T

c
 from 298 to 

254 K as discussed above. It is further evident that if one 
considers the replacement of Nd by Sm (Sm

1-x
Sr

x
MnO

3
) for 

the composition, x = 0.37, the value of T
c
 decreases from 

273 to 138 K. A detailed discussion of the basic properties 
of rare earth oxides supports the above observation27. It is 
clear that the basic strength of rare earth oxides is attributed 
to lanthanide contraction, that is, the strength of the basic 
sites decreases with a decrease in the ionic radii of rare earth 
elements. It is inferred from above observations that the 
transition temperature T

C
 decreases with decrease in ionic 

radii of rare earth elements.
The ultrasonic parameters cannot directly correlate with 

ionic radius of the rare earth element; rather it depends on 
the structural compactness of sample which is influenced 
by various factors like preparation method28, sintering 
temperature29 and particle size30. However, attempts have 
been made to reveal the ultrasonic behaviour of rare earth 
element31-32 and found that a decrease in ultrasonic velocities 
with an increase in ionic radii.

It is known that the perovskite structure is distorted 
with a decrease in the ionic radii of rare earth elements. The 
distortion of the perovskite-type structure causes a decrease 
in electrical and thermal conductivities33. The variation of 
T

c
 as a function of the average size of A-site cations (Ln 

and Sr) has been observed in Ln
0.5

Sr
0.5

MnO
3
 (Ln = La, Pr, 

Y, Sm and Gd)33. It is interesting to note that a decrease 
in T

c
 value from 310 to 85 K corresponds to a decrease in 

ionic radius from 1.263 to 1.221 Å. Further, the ionic radii 
of the R ions are used to know the state of perovskites, that 
is, PM or AFM states34. On the basis of the above studies, 
it is concluded that a decrease in the T

c
 value, which is 

obtained from the maxima/minima that are observed in the 
ultrasonic parameters, strongly supports the results obtained 
from resistivity, electrical, Mossbauer and magnetic property 
studies16,17,19,22-25.

4.	 Conclusions
On-line ultrasonic velocity measurement as a function 

of temperature determines the T
c
 in perovskites. T

c
 that is 

observed with a decrease in the ionic radii of the rare earth 
elements decreases as observed by other studies such as 
conductivity. Thus, it is concluded that an on-line ultrasonic 
velocity/attenuation measurement is one of the best tools 
to explore the structural/phase transition in perovskites as a 
function of the ionic radii of rare earth elements. 

Figure 3. Variation of shear velocity of as a function of composition.

Figure 4. Variation of attenuation of as a function of composition.

2012; 15(4) 519



Sankarrajan et al.

References
1.	 Wang Z, Xu Q, Sun J, Pan J and Zhang H. Room temperature 

magnetocaloric effect of La-deficient bulk perovskite 
manganite La

0.7
MnO

3-δ. Physica B: Condensed Matter 
Physics.  2011;  406:1436-1440. http://dx.doi.org/10.1016/j.
physb.2011.01.044

2.	 Damay F, Nguyen N, Maignan A, Hervieu M and 
Raveau B. Colossal magnetoresistance properties of 
samarium based manganese perovskites. Solid State 
Communications.  1996;  98:997-1001. http://dx.doi.
org/10.1016/0038-1098(96)00151-2

3.	 Chen SS, Yang CP and Dai Q. Effect of microstructure on 
the electroresistance of Nd

0.7
Sr

0.3
MnO

3
 perovskite ceramics. 

Journal of Alloys and Compounds. 2010; 491:1-3. http://dx.doi.
org/10.1016/j.jallcom.2009.10.086

4.	 Subbarao MV, Kuberkar DG, Baldha GJ and Kulkarni 
RG. Superconductivity of the La

3.5−x–y
R

y
Ca

2x
Ba

3.5‑x
Cu

7
O

z
 

s y s t e m  ( R   =   G d ,  N d  a n d  D y ) .  P h y s i c a  C : 
Superconductivity. 1997; 288:57-63. http://dx.doi.org/10.1016/
S0921-4534(97)01492-5

5.	 Ranno L, Viret M, Valentin F, McCauley J and Coey JMD. 
Transport and magnetic properties of A3+

1−x
B2+

x
MnO

3
 (A = La, 

Y or Nd, B = Ca, Sr or Ba) magnetic perovskites. Journal of 
Magnetism and Magnetic Materials. 1996; 291:157-158.

6.	 Dabrowski B, Kolesnik S, Baszczuk A, Chmaissem O, Maxwell 
T and Mais J. Structural, transport, and magnetic properties 
of RMnO

3
 perovskites (R=La, Pr, Nd, Sm, 153Eu, Dy). Journal 

of Solid State Chemistry.  2005;  178:629-637. http://dx.doi.
org/10.1016/j.jssc.2004.12.006

7.	 Sanyal B, Bengone O and Mirbt S. Electronic structure 
and magnetism of Mn-doped GaN. Physical Review 
B .   2003 ;   68 :205‑210 .h t tp : / /dx .do i .o rg /10 .1103/
PhysRevB.68.205210

8.	 Balamurugan K, Kumar NH, Ramachandran B, Rao 
MSR and Chelvane JA and Santhosh PN. Magnetic and 
optical properties of Mn-doped BaSnO

3
. Solid State 

Communications. 2009; 149:884. http://dx.doi.org/10.1016/j.
ssc.2009.02.037

9.	 Subramanian MA, Toby BH, Ramirez AP, Marshall WJ, Sleight 
AW and Kwei GH. Colossal Magnetoresistance Without Mn3+/
Mn4+ Double Exchange in the Stoichiometric Pyrochlore 
Tl

2
Mn

2
O

7
. Science. 1996; 273:81-84.

10.	 Tomioka Y, Kuwahara H, Asamitsu A, Kimura T, Kumai R and 
Tokura Y. Effect of the magnetic field on the spin, charge and 
orbital ordered states in perovskite-type manganese oxides. 
Physica B: Condensed Matter. 1998; 135:246-247.

11.	 Hébert S, Wang B, Maignan A, Martin C, Retoux R and 
Raveau B. Vacancies at Mn-site in Mn3+ rich manganites: 
a route to ferromagnetism but not to metallicity. Solid 
State Communications.  2002;  123:311-315. http://dx.doi.
org/10.1016/S0038-1098(02)00243-0

12.	 Ranno L, Viret M, Valentin F, McCauley J and Coey JMD. 
Transport and magnetic properties of A3+

1−x
B2+

x
MnO

3
 (A = La, 

Y or Nd, B = Ca, Sr or Ba) magnetic perovskites. Journal of 
Magnetism and Magnetic Materials. 1996; 291:157-158.

13.	 Triki M, Dhahri R, Bekri M, Dhahri E and Valente MA. 
Magnetocaloric effect in composite structures based 
on ferromagnet ic-ferroelectr ic  Pr0.6Sr0.4MnO3/
B a Ti O

3
 p e r o v s k i t e s .  J o u r n a l  o f  A l l o y s  a n d 

Compounds. 2011; 509:9460‑9465. http://dx.doi.org/10.1016/j.
jallcom.2011.07.031

14.	 Kumar  RV.  Elec t r ica l  conduct ing  proper t ies  of 
rare‑earth doped perovskites. Journal of Alloys and 
Compounds. 2006; 463:408‑412.

15.	 Ta rascon  JM,  Greene  LH,  McKinnon  WR and 
Hull  GW. Superconductivi ty in rare-earth-doped 
oxygen‑defect perovskites La

2−x−y
Ln

y
Sr

x
CuO

4−z
. Solid 

State Communications.  1987;  63:499-505. http://dx.doi.
org/10.1016/0038-1098(87)90279-1

16.	 Wu L, Ma J, Huang H, Tian R, Zheng W and Hsia Y. 
Hydrothermal synthesis and 121Sb Mössbauer characterization 
of perovskite-type oxides: Ba

2
SbLnO

6
 (Ln = Pr, Nd, Sm, Eu). 

Materials Characterization.  2010;  61:548-553.http://dx.doi.
org/10.1016/j.matchar.2010.02.012

17.	 Rao GVS, Wanklyn BM and Rao CNR. Electrical transport in 
rare earth ortho-chromites, -manganites and -ferrites. Journal 
of Physics and Chemistry of Solids. 1971; 32:345-358. http://
dx.doi.org/10.1016/0022-3697(71)90019-9

18.	 Kumar RV. Application of rare earth containing solid state 
ionic conductors in electrolytes. Journal of Alloys and 
Compounds.  1997;  250:501-509. http://dx.doi.org/10.1016/
S0925-8388(96)02643-6

19.	 Rautama E-L, Lindén J, Yamauchi H and Karppinen M. Metal 
valences in electron-doped (Sr,La)

2
FeTaO

6
 double perovskite: 

A 57Fe Mössbauer spectroscopy study. Journal of Solid State 
Chemistry.  2007;  180:440-445. http://dx.doi.org/10.1016/j.
jssc.2006.10.034

20.	 Töpfer J and Goodenough JB. Charge transport and magnetic 
properties in perovskites of the system La-Mn-O. Solid State 
Ionics. 1997; 1215:101-103.

21.	 Sakthipandi K, Rajendran V, Jayakumar T, Raj B and Kulandivelu 
P. Synthesis and on-line ultrasonic characterisation of bulk and 
nanocrystalline La

0.68
Sr

0.32
MnO

3
 perovskite manganite. Journal 

of Alloys and Compounds. 2011; 509:3457‑3467. http://dx.doi.
org/10.1016/j.jallcom.2010.12.148

22.	 Sankarrajan S, Aravindan S, Yuvakkumar R, Sakthipandi 
K and Rajendran V. Anomalies of ultrasonic, velocities, 
attenuation and elastic moduli in Nd

1−x
Sr

x
MnO

3
 perovskite 

manganite materials. Journal of Magnetism and Magnetic 
Materials. 2009; 321:3611-3620. http://dx.doi.org/10.1016/j.
jmmm.2009.06.080

23.	 Sankarrajan S, Aravindan S, Rajkumar M and Rajendran V. 
Ultrasonic and elastic moduli evidence for Curie temperature 
(T

c
) in Sm

1−x
Sr

x
MnO

3
 perovskite magnetic materials at 

x  =  0.25,  0.30,  0.37,  0.40 and  0.44. Journal of Alloys and 
Compounds.  2009;  485:17-25. http://dx.doi.org/10.1016/j.
jallcom.2009.06.002

24.	 Sankarrajan S, Sakthipandi K, Manivasakan P and Rajendran 
V. On-line phase transition in La

1-x
Sr

x
MnO

3
 (0.28 ≤ x ≤ 0.36) 

perovskites manganites through ultrasonic studies. Phase 
transitions. 2011; 84(7):657-672. http://dx.doi.org/10.1080/0
1411594.2011.556915

25.	 Sankarrajan S, Sakthipandi K and Rajendran V. Temperature 
dependent sound velocities, attenuation and elastic moduli 
anomalies in Pr

1-x
Sr

x
MnO

3
 perovskites manganite materials 

at 0.28 ≤ x ≤ 0.41. Phase Transitions, 2012; 85(5):427-443.

26.	 Zheng RK, Zhu CF, Xie JQ, Huang RX and Li XG. Charge 
transport and ultrasonic properties in La

0.57
Ca

0.43
MnO

3
 

perovskite. Materials Chemistry and Physics. 2002; 75:121‑124. 
http://dx.doi.org/10.1016/S0254-0584(02)00064-0

27.	 Sato S, Takahashi R, Kobune M and Goto H. Basic properties 
of rare earth oxides. Applied Catalysis A: General.  2009; 
356:57‑63. http://dx.doi.org/10.1016/j.apcata.2008.12.019

520 Materials Research

http://dx.doi.org/10.1016/j.physb.2011.01.044
http://dx.doi.org/10.1016/j.physb.2011.01.044
http://dx.doi.org/10.1016/0038-1098(96)00151-2
http://dx.doi.org/10.1016/0038-1098(96)00151-2
http://dx.doi.org/10.1016/j.jallcom.2009.10.086
http://dx.doi.org/10.1016/j.jallcom.2009.10.086
http://dx.doi.org/10.1016/S0921-4534(97)01492-5
http://dx.doi.org/10.1016/S0921-4534(97)01492-5
http://dx.doi.org/10.1016/j.jssc.2004.12.006
http://dx.doi.org/10.1016/j.jssc.2004.12.006
http://dx.doi.org/10.1103/PhysRevB.68.205210
http://dx.doi.org/10.1103/PhysRevB.68.205210
http://dx.doi.org/10.1016/j.ssc.2009.02.037
http://dx.doi.org/10.1016/j.ssc.2009.02.037
http://dx.doi.org/10.1016/S0038-1098(02)00243-0
http://dx.doi.org/10.1016/S0038-1098(02)00243-0
Pr0.6Sr0.4MnO3/BaTiO
Pr0.6Sr0.4MnO3/BaTiO
http://dx.doi.org/10.1016/j.jallcom.2011.07.031
http://dx.doi.org/10.1016/j.jallcom.2011.07.031
http://dx.doi.org/10.1016/0038-1098(87)90279-1
http://dx.doi.org/10.1016/0038-1098(87)90279-1
http://dx.doi.org/10.1016/j.matchar.2010.02.012
http://dx.doi.org/10.1016/j.matchar.2010.02.012
http://dx.doi.org/10.1016/0022-3697(71)90019-9
http://dx.doi.org/10.1016/0022-3697(71)90019-9
http://dx.doi.org/10.1016/S0925-8388(96)02643-6
http://dx.doi.org/10.1016/S0925-8388(96)02643-6
http://dx.doi.org/10.1016/j.jssc.2006.10.034
http://dx.doi.org/10.1016/j.jssc.2006.10.034
http://dx.doi.org/10.1016/j.jallcom.2010.12.148
http://dx.doi.org/10.1016/j.jallcom.2010.12.148
http://dx.doi.org/10.1016/j.jmmm.2009.06.080
http://dx.doi.org/10.1016/j.jmmm.2009.06.080
http://dx.doi.org/10.1016/j.jallcom.2009.06.002
http://dx.doi.org/10.1016/j.jallcom.2009.06.002
http://dx.doi.org/10.1080/01411594.2011.556915
http://dx.doi.org/10.1080/01411594.2011.556915
http://dx.doi.org/10.1016/S0254-0584(02)00064-0
http://dx.doi.org/10.1016/j.apcata.2008.12.019


Effect of Rare Earth Ions on Transition Temperature in Perovskite Materials by On-Line Ultrasonic Studies

28.	 Evans JA and Tavakoli MB. Ultrasonic attenuation and velocity 
in bone. Physics in Medicine and Biology. 1990; 35(10):1387. 
Pmid:2243843. http://dx.doi.org/10.1088/0031‑9155/35/10/004

29.	 Nonnet E, Lequeux N and Boch P. Elastic properties of high 
alumina cement castables from room temperature to 1600°C. 
Journal of the European Ceramic Society. 1999; 19:1575-1585. 
http://dx.doi.org/10.1016/S0955-2219(98)00255-6

30.	 Harker AH and Temple JAG. Velocity and attenuation of 
ultrasound in suspensions of particles in fluids. Journal of 
Physics D: Applied Physics.  1988;  21:1576. http://dx.doi.
org/10.1088/0022-3727/21/11/006

31.	 Devi S and Jha AK. Phase transitions and electrical 
characteristics of tungsten substituted barium titanate. Physica 
B: Condensed Matter.  2009;  404:4290-4294. http://dx.doi.
org/10.1016/j.physb.2009.08.064

32.	 Jackson I and Kung J. Thermoelastic behaviour of silicate 

perovskites: Insights from new high-temperature ultrasonic data 

for ScAlO
3
. Physics of the Earth and Planetary Interiors. 2008; 

167:195-204. http://dx.doi.org/10.1016/j.pepi.2008.04.005

33.	 Hashimoto H, Kusunose T and Sekino T. Influence of ionic sizes 

of rare earths on thermoelectric properties of perovskite‑type 

rare earth cobalt oxides RCoO
3
 (R = Pr, Nd, Tb, Dy). Journal 

of Alloys and Compounds. 2009; 484:246-248. http://dx.doi.

org/10.1016/j.jallcom.2009.04.100

34.	 Maignan FA, Martin C and Raveau B. Cation size-

temperature phase diagram of the manganites Ln
0.5

Sr
0.5

MnO
3
. 

Journal of Applied Physics.  1997;  81:1372. http://dx.doi.

org/10.1063/1.363873

2012; 15(4) 521

http://dx.doi.org/10.1088/0031-9155/35/10/004
http://dx.doi.org/10.1016/S0955-2219(98)00255-6
http://dx.doi.org/10.1088/0022-3727/21/11/006
http://dx.doi.org/10.1088/0022-3727/21/11/006
http://dx.doi.org/10.1016/j.physb.2009.08.064
http://dx.doi.org/10.1016/j.physb.2009.08.064
http://dx.doi.org/10.1016/j.pepi.2008.04.005
http://dx.doi.org/10.1016/j.jallcom.2009.04.100
http://dx.doi.org/10.1016/j.jallcom.2009.04.100
http://dx.doi.org/10.1063/1.363873
http://dx.doi.org/10.1063/1.363873

