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A B S T R A C T 

Large exchange coupling has been reported in B-site magnetic perovskites which results in 
higher magnetic ordering temperatures. SrMnO3 is a perovskite manganite which has strong 

magnetostructural and magnetoelectronic effects such as colossal magnetoresistance, thus 

making it feasible in applications like magnetic sensors and information storage. Here we report 
a phase pure synthesis of SrMnO3 using sol-gel auto-combustion method. The crystal structure 

was optimized by sintering the prepared samples at temperatures like 400 °C, 600 °C, 800 °C, 

1000 °C and 1200 °C for 4 hours. Structural studies through X-ray diffraction confirms the 
formation of perovskite SrMnO3. Dielectric studies were performed through impedance analyzer 

revealed the semiconducting behavior as the sintering temperature is raised. The magnetic study 

through vibrating sample magnetometer discloses enhancement of magnetization due to the ion 
displacement effect when the sintering temperature was changed. 

 

 

1. Introduction 

Perovskites are the family of composite materials 

having a structure type ABX3, related to the structure of 

CaTiO3. CaTiO3 is a mineral discovered by Gustav Rose 

in 1839 and discussed its structure. He observed that the 

structure of CaTiO3 is based on primitive cubic unit cell 

and thus they are named separately as Perovskites [1-3]. 

In a single unit cell of the perovskite compound, eight A 

cations occupy the corners, while B cation occupies the 

body-center position. The B cation is surrounded by an 

octahedron of anions in which the oxygen anions are most 

stable. Since then many perovskites of the ABX3 type 

have been discovered and their structure varies from 

orthorhombic to cubic and hexagonal perovskites. These 

structure variations exists due to the tolerance factor 

which depends upon the size of the A atom. The tolerance 

factor is given by: 

                                         𝑡 =
𝑟𝐴+ 𝑟0

 2 𝑟𝐵+ 𝑟0 
              (1) 

Where rA and rB are the ionic radii of A and B atoms 

respectively. For cubic perovskite to be formed t should in 

the range 0.9-1. If tolerance factor is higher than 1 

hexagonal perovskites are form and if the value of t is less 

than 0.9 then orthorhombic perovskites are formed. 

SrMnO3 is a rare type of a compound which shows a 

polymorph between hexagonal and cubic perovskites [4, 

5]. This is because the ionic radius of Sr lies in between 

smaller Ca and larger Ba ions of the group 2A in the 

periodic table. Due to this unique behavior SrMnO3 

shows some pronouncing behaviors like magneto-

structural and magneto-electronic effects which make it 

feasible to be used in transducers and information storage. 

In particular, SrMnO3 have been fabricated to explore its 

properties and applications to be used as a catalytic agent 

for the combustion of hydrocarbons because of its 

microstructure. This property arose because 

microstructures have high surface area and are of 

nanosized particles which is the basic requirement of 

good ceramic catalyst [6]. Paramagnetic to ferromagnetic 

transition have been reported earlier for SrMnO3. These 

transitions occur mainly due to the increase of doping 

concentration in A atom site which is Sr [7]. Sakai et al. 

reported its electronic properties and mentioned SrMnO3 

as a mott insulator with a conductivity value lies in the 

range of 6 × 10
-6

 S cm
-1

 which was observed by using a 

DC four probe method [8]. Some exciting results showing 

antiferromagnetic behavior with 278 K as Neel 

temperature was obtained Stolen et al [9]. 

In this study we present the fabrication of SrMnO3 

compound through sol-gel auto combustion route. The 

dielectric properties and magnetic properties were 

investigated at room temperature.These studies proposed 

that preparation technique, annealing temperatures and 

structural morphology directly influenced the various 

magnetic and electrical properties. 

2. Experimental 

In order to fabricate the SrMnO3 compound we 

dissolved the analytical grade salts of Strontium nitrate 
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[Sr(NO3)2. 6H2O] and Manganese Nitrate [Mn(NO3)2. 

6H2O] in deionized water with a molar ratio of 1:2 with 

metal nitrates to citric acid. All salts and acids were 

purchased from Sigma Aldrich (USA) having more than 

99% purity. The solution was then constantly stirred and a 

temperature of 150 °C was maintained using a Hotplate 

and Magnetic stirrer. After sometime xerogel was formed 

which was then converted into powder by self-

combustion at a temperature of 300 °C. This burnt 

powder was than sintered at 400, 600, 800, 1000 and 1200 

°C to make five different samples starting from a, b, c, d, 

and e respectively. After sintering, the powder was 

compressed into pellets using a hydraulic press having a 

diameter of 10 mm and thickness of 1.5 mm. The 

dielectric and impedance analysis were performed using a 

Precision Impedance Analyzer. The magnetic studies 

were performed using a Lake Shore 7407 Vibrating 

Sample Magnetometer. 

2. Results and Discussion 

3.1 Dielectric Studies 

The dielectric constant of the pellets of sintered 

samples was measured by using the relation [10, 11]: 

                    ℰʹ =
𝐴𝐶

𝜀0𝑑
               (2) 

Where A is the surface area of the pellet, C is the 

capacitance, ℰ0 is the vacuum permittivity and d is the 
thickness of the pellets. Fig. 1 shows the variation of 

dielectric constant (ℰʹ) with frequency on the x-axis. The 

dielectric properties were studied on a wide range of 

frequency from 20 Hz to 20 MHz (which was then 

converted into the logarithmic scale ranges from 1.3 - 7) 

separately for five different samples. In the Fig. 1 it can 

easily be seen that all the samples show an increasing 

behavior when the frequency is decreased. At lower 

frequency the value of dielectric constant is high while at 

higher  frequency the value of dielectric  constant is low. 
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Fig. 1: Dielectric Constant behavior for all the samples 

The reason for this behavior is explained in terms of 

interfacial polarization as explained by Maxwell-Wagner 

effect [12]. This effect explains the polarization effect by 

considering the solid-pore-solid interfaces covered with 

opposite charges. When the frequency is low the charges 

could easily transfer their position. But when the 

frequency becomes too high, charges do not find time to 

re-assemble themselves they becomes distorted. Thus 

only at lower frequencies our samples shows the dielectric 

behavior. 

Sufficiently high dielectric value of the sample c (blue 

line) is obtained which shows that ionic displacement can 

cause difference in dielectric values. B cations changes 

their position due to the different sintering temperatures 

and thus can introduce different properties [8, 13]. 

Fig. 2 shows the graph of complex part of the 

dielectric with the frequency. It could be seen that the 

graphs shows the decreasing behavior as the frequency 

increases and comes to a point of saturation at high 

frequency. Secondly, the value of complex dielectric 

constant decreases as we move towards the samples with 

higher sintering temperature. 
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Fig. 2: Imaginary dielectric constant behavior for all the samples 

Fig. 3 shows the collective behavior of dielectric 

constant and imaginary part of the dielectric constant in 

the form of the Cole-Cole graph. The Cole-Cole graph is 

obtained from the complex analysis of the dielectric 

properties which are obtained from the Debye relations 

which represents the complex dielectric constant in terms 

of the real and imaginary part. 

               𝜀∗ = 𝜀 ′ − 𝑗𝜀 ′′                                  (3) 

             𝜀 ′ =  𝜀𝑠 +
𝜀𝑠−𝜀∞

1+𝜔2𝜏2          (4) 

         𝜀 ′′ = (𝜀𝑠 − 𝜀∞) +
𝜔𝜏

1+𝜔2𝜏2          (5) 

ℰs is the permittivity at constant electric field and ℰ∞ is the 

permittivity at highest frequency which is mainly lies on 

the origin. The decreasing behavior of dielectric constant 

graph can also be explained in terms of these equations in 

which it is clearly shown that frequency is inversely 

proportional to dielectric constant. In Fig. 3 the plot 
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shows the curves of ℰ*
. The curve of the first sample is an 

incomplete semi-circle which means that our first sample 

is a fairly good dielectric material but after that poorly 

resolved semicircles can be seen in rest of the samples 

which predicts some losses and thus the dielectric 

behavior is decreased [14]. 
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Fig. 3:   Cole-cole plot 

3.2. Magnetic Response Studies 

Fig. 4 describes the magnetic field response of the 

material through the MH-loop which was obtained 

through a vibrating sample magnetometer. The maximum 

magnetic field applied to the samples is 10 kOe. All the 

measurements were carried out at room temperature. The 

parameters measured form this techniques are saturation 

magnetization (Ms), coercivity (Hc) and retentivity (Mr). 

All the results are summarized in Table 1. 

Fig. 4 reveals that very little hysteresis is obtained for 

all the samples but the maximum coercive field (Hc) is 

obtained for the sample sintered at 800 °C and 1200 °C. 

The remanence (Mr) and saturation magnetization (Ms) of 

these samples are also maximum. The saturation 

magnetization of all the samples is reached at nearly same 

magnetic field which is 9500 Oe approximately. This 

shows that the magnetizing and de-magnetizing power of 

all the samples remains same even at elevated sintering 

temperatures [15]. 

Low values of retentivity and coercivity depicts the 

anti-ferromagnetic behavior of the SrMnO3 as the 

susceptibility of the antiferromagnetic materials is very 

low usually in the range of 10
-2

 cm/g. Thus the area of the 

hysteresis loop is very small for the antiferromagnetic 

materials [16]. 

Table 1:    Magnetic parameters 

Sintering 

Temperatures 

(°C) 

400 600 800 1000 1200 

Ms (emu/g) 0.12 0.102 0.121 0.114 9.89 

Hc (Oe) 97.3 112.46 453 125 410 

Mr(emu/g) 0.002 0.0021 0.009 0.002 0.004 

Table 1 clarify the values of the parameters calculate 

from the MH-loop. Till 800 °C the coercivity increases 

and then at 1000 °C it decrease and increases again at 

1200 °C. This behavior can be explained in terms of the 

ionic displacement of the manganese ion [8, 13, and 17]. 

Since the perovskite structure of SrMnO3 is most stable at 

near 1000 °C the ionic displacement is negligible and thus 

very small magnetic behavior is observed which initiate 

very few magnetic ordering in the lattice. As we go 

towards the lower temperature the distortion in the 

position of manganese ion increases and we observe the 

maximum magnetic behavior at 800 °C which depicts the 

maximum magnetic ordering. Similarly at higher 

temperature this behavior of the manganese ion is 

observed. 

 

Fig. 4: MH-loops of the SrMnO3 samples sintered at (a) 400 oC, (b) 

600oc, (c) 800 oC, (d) 1000oC and (e) 1200oC 

4. Conclusion 

SrMnO3 sample was fabricated through sol-gel auto 

combustion route after setting the metal nitrate and citric 

acid ratio as 1:2. After the combustion a burnt powder is 

obtained which was grinded and was placed in an oven 

for sintering at different temperatures which makes our 

sample as (a) 400 °C, (b) 600°C, (c) 800 °C, (d) 1000 °C 

and (e) 1200 °C. The dielectric and magnetic studies were 

performed by using an Impedance Analyzer and a 

vibrating sample magnetometer. These properties were 

studied as a function of the sintering temperature. The 
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dielectric studies reveal the Maxwell-Wagner polarization 

effect in which the value of dielectric constant decreases 

with the increase in frequency. The Cole-Cole graph 

shows the decrease in dielectric behavior as the sintering 

temperature is increased showing semiconducting 

behavior. The magnetic study reveals the dependence of 

ionic displacement of the manganese ion on the magnetic 

behavior of SrMnO3. The saturation magnetization is 

maximum for sample (c) and (e) which reveals the highest 

magnetic ordering. 

References 

[1] S. Dong, and J. M. Liu, “Recent progress of multiferroic 

perovskite Manganites”, Mod. Phys. Lett. B, vol. 1, pp. 5-9, June 
2012. 

[2] S.K. Durrani, A.H. Qureshi, S. Naz, S.Z. Hussain, M. Arif and 
M. Iqbal, “Effect of stoichiometric compositions on the 

development of phase and microstructure in calcia stabilized 

zirconia ceramic”, The Nucleus, vol. 50, pp. 61-66, 2013. 

[3] R. Shaheen, J. Bashir, M.N. Khan and K. Shahzad “Combined 

Synchrotron X-ray and Neutron Powder Diffraction Studies of 
Ba2InSbO6 Ordered Double Perovskite”, The Nucleus, vol. 51, 

pp. 307-310, 2014. 

[4] S. Stolen, R. Sondena, P. Ravindran, T. Grande, and M. Hanfland, 

“Electronic structure and magnetic properties of cubic and 
hexagonal SrMnO3”, Physical Review B, vol. 74, pp. 14410-

14412, October 2006. 

[5] H. Chiba, T. Atou, H. Faqir, M. Kikuchi, Y. Syono, Y. Murakami, 

and D. Shindo, “Synthesis and characterization of (Bi, AE) MnO3 

(AE=Ca, Sr) system”, Solid State Ionics, vol. 108, pp. 193-199, 
October 1998.  

[6] C. Doroftei, P. D. Popa, E. Rezlescu, N. Rezlescu, 
“Nanocrystalline SrMnO3 powder as catalyst for hydrocarbon 

combustion”, J. Alloys Compd., vol. 584, pp. 195-198, September 

2013. 

[7] W. Boujelbena, A. Rouhoua, J. Pierreb, and J.C. Joubert, 

“Ferromagnetism in the lacunar (Pr, Sr) MnO3 perovskite 
manganites”, Physica B, vol. 32, pp. 37-44, July 2002.

 

[8] H. Sakai, J. Fujioka, T. Fukuda, D. Okuyama, D. Hashizume, 

F. Kagawa, H. Nakao, Y. Murakami, T. Arima, A. Q. R. Baron, 

Y. Taguchi, and Y. Tokura, “Displacement-type ferroelectricity 
with off-center magnetic ions in perovskite Sr1-xBaxMnO3”, 

Phys. Rev. Lett., vol. 107, pp. 137601-137607, September 2011. 

[9] P. D. Battle, T. C. Gibb, and C.W. Jones, “The Structure of 

SrMnO3: A reinvestigation”, J. Solid State Chem., vol. 74, pp. 60-

66, May, 1988. 

[10] Y. J. Wong, J. Hassan, M. Hashim, “Dielectric properties, 

impedance analysis and Modulus behavior of CaTiO3 ceramic 
prepared by solid state reaction”, J. Alloys Compd., vol. 571, 

pp. 138-144, March 2013. 

[11] H. L. Tuller, “Ionic conduction in nanocrystalline materials”, Solid 

State Ionics, vol. 131, pp. 143-157, February 2000. 

[12] M. A. Iqbal, M. U. Islam, I. Ali, M.A. Khan, and I. Ali, “High 

frequency dielectric properties of Eu+3 substituted Li-Mg ferrites 

synthesized by sol-gel auto-combustion method”, J. Alloys 
Compd, vol. 586, pp. 404-410, October 2013. 

[13] H. J. Xiang, S. H. Wei, M. H. Whangbo, and J. L. Da Silva, “Spin-
Orbit coupling and ion displacement in multiferroic TbMnO3”, 

Phys. Rev. Lett., vol. 101, pp. 037209-037212, July 2012. 

[14] T. S. Irvine, D. C. Sinclair, and A. R. West, “Electro-ceramics: 

Characterization by Impedance Spectroscopy”, Adv. Mater., vol. 2, 

pp. 0132-0138, March 1990. 

[15] M. C. Kao, H. Z. Chen, C. Y. Shen, and L. Horng, “Synthesis 

characterization of magnetic properties in La0.7-xLnxPb0.3MnO3 
(Ln= Pr, Nd, Gd, Dy, Sm and Y) perovskite compounds”, J. Alloys 

Compd, vol. 440, pp. 18-22, November 2006. 

[16] B. D. Cullity, and C. D. Graham, Introduction to magnetic 

materials, 2nd Ed., New Jersey: John Wiley and Sons Inc., 2009. 

[17] H. Sakai, Y. Taguchi, Y. Tokura, “Ferroelectric transition and soft 

phonon dynamics associated with off-center displacement of 

magnetic ions in perovskite Sr1-xBaxMnO3”, Material Science: 
Electronic and Magnetic Properties, 2011. 

 

 


