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In this study, the magnetotransport and magnetoresistance properties of Pr0.68Ca0.32-xSrxMnO3 (x= 0, 0.1, 0.18, 0.26 and 
0.32) compounds were investigated. The system illustrate an evolution from a charge-ordered manganite at x = 0, with an 
insulating-like resistivity and low magnetization values, towards to a completely ferromagnetic metallic state for x = 0.32. 
Above the metal-insulator transition temperature TMI, the resistance curves were fitted to the small polaron popping model. 
The activation energy (Ea) was found to decrease with increasing Sr content. In the phase separated (PS) state, due to the 

coexistence of ferromagnetic (FM) metallic and charge order (CO) insulating phases, the magnetoresistance (MR) was 
found to be maximum. The MR ratio of 6.3x10

8
 for the sample x = 0 at 60 K is one of the largest MR change has been 

reported in manganites. The MR values decreases considerably with increasing Sr content and the activation energy 
decreases with the increase of Sr content 
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1. Introduction 
 

Mixed valent perovskite manganites with the general 

formula R1-xAxMnO3 (R = rare-earth cation, A = alkali-

metal or alkaline-earth cation) have been extensively 

studied due to the colossal magnetoresistance (CMR) and 

magnetocaloric (MC) properties which offer  potential 

applications such as read or write heads in magnetic 

recording media, sensors, electronic materials and 

refrigeration technology [1-8]. In the manganites, the 

charge, spin, orbital and lattice degrees of freedom are 

strongly coupled together and lead to a rich variety of 

phases with different physical properties such as 

ferromagnetic metallic (FM-M), antiferromagnetic 

insulator (AFM-I), charge ordering (CO), orbital ordering 

(OO), polaron formation and phase separation [9-11]. The 

origin of FM, AFM and the electrical conductivity in 

manganites is directly connected to the double-exchange 

(DE) mechanism, in which the electronic conduction is 

connected to ferromagnetic interactions between Mn
3+

 and 

Mn
4+

 cations via intermediate oxygen atoms [12]. The DE 

mechanism and MR have been related to the Mn
3+

/ Mn
4+

 

ratio, strong electron-phonon coupling due to the Jahn-

Teller effect [13]. It is also clear that the lattice strain and 

structural deformations governed by the mean radii of A-

site or B-site cations, which affect the Mn3
+
-O-Mn

4+
 bond 

angle and bond length, have dramatic consequences on the 

transport and MR properties of these systems [14].  

Recently, it has been reported that the manganites 

present a huge CMR generally have a phase separated 

state (PS) [15-18]. In PS state a chemically homogeneous 

material forms a magnetically inhomogeneous system with 

spatially coexisting regions with distinct magnetic and 

electronic properties such as simultaneous coexistence of 

submicrometer FM metallic and CO-AFM insulating 

regions. Previous works have reported this phenomenon in 

different compound of manganites, changing <rA> and the 

doping level [19-21]. The phase-separated state is closely 

related with the competition between antiferromagnetic 

CO insulating and FM metallic phases. The application of 

a magnetic field leads to metamagnetic transition (MMT) 

by increasing the FM region. At that point the resistivity 

decreases several order and induces a huge enhancement 

of MR [22, 23].   

Pr-based manganites have been extensively studied 

due to the numerous remarkable properties like AFM-FM 

phase transition, CO, PS and MMT [24-30]. In 

Pr0.65Ca0.35MnO3, the substitution of Ca
2+

 with the bigger 

Sr
2+

 ions provokes an increase of <rA>, changing the 

properties of the system from CO  to fully FM state for 

Pr0.65Sr0.35MnO3 [7]. In the case of Pr0.65Ca0.35-xSrxMnO3, 

the occurrence of PS, involving FM metallic and AFM-CO 

insulating regions are observed [18, 31]. As discussed 

above, in the PS region, application of a magnetic field 

leads to metamagnetic transition by increasing the FM 

region. This behavior induces a considerable decrease in 

resistivity and a huge enhancement of MR [23]. Therefore, 

in Pr-based manganites, transports, magnetic and PS-

induced huge enhancement of magnetoresistance 

properties have been extensively investigated. [8, 28, 32-

35].  

A high value of the CMR in these compounds was 

reported by Maignan et al. [32] that Pr0.7Sr0.04Ca0.26MnO3 

exhibited an MR ratio of 10
11

 by applying a magnetic field 

of 5T at 30 K, which was close to the upper limit of the 

CMR that can be reached in these compounds. Later, 
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Hejtmanek et al. [33] explained the CMR effects in the 

PrCaSrMnO thin films by the paramagnetic–

antiferromagnetic and antiferromagnetic– ferromagnetic 

transitions which exist in these thin films. Mollah et al. 

[34, 35], explained the electronic, magnetic and thermal 

properties of polycrystalline Pr0.65Ca0.35-xSrxMnO3 (x = 0-

0.35) and they observed a huge enhancement of MR (99% 

at H = 0.5 T) for x = 0.1 sample. Wu at al. [28] showed a 

magnetoresistance ratio of > 10
10

 in a 2 T magnetic field 

for Pr0.65(Ca0.75Sr0.25)0.35MnO3 single crystal sample. Liu et 

al. [36] calculated the large value of MR (2400% at 5.5 T) 

for Pr0.7Sr0.05Ca0.25MnO3 thin film. 

As discussed above, in most of the previous studies on 

Pr-based manganites, magnetoresistance properties were 

mostly reported for low Sr doping level especially in film 

and single crystal structure forms  and there has not been 

any systematic report about magnetoresistance properties 

for Pr0.68Ca0.32-xSrxMnO3 (x = 0, 0.1, 0.18, 0.26 and 0.32) 

compounds particularly in polycrystalline form. Previously 

we have detailed studied the magnetic and magnetocaloric 

properties of the same compounds [8]. In this article we 

report magnetotransport and magnetoresistance properties 

of Pr0.68Ca0.32-xSrxMnO3 (x = 0, 0.1, 0.18, 0.26 and 0.32) 

polycrystalline compounds in detail.  

 

 

2. Experimental 
 

The polycrystalline Pr0.68Ca0.32-xSrxMnO3 (x=0, 0.1, 

0.18, 0.26 and 0.32) compounds were prepared by the 

conventional solid-state reaction using high purity 

powders Pr6O11, SrCO3, CaCO3, MnO. The powders were 

mixed in stoichiometric ratio. Thoroughly mixed powders 

were grounded and calcined in air at 800 C for 10 h. After 

grinding, the mixed powders were pressed into a disk-

shape with a diameter of 13 mm and a thickness of about 2 

mm. The disk samples were first sintered at 1200 C for 

24 h in air. For good crystallization, this sintering, 

grinding and pelleting process was repeated three times. 

Final sintering was performed at 1350 ºC for 24 h in air. 

All the samples were cooled to room temperature at a 

cooling rate of 3 ºC/min.  

 The X-ray diffractograms were recorded with a 

power diffractometer at room temperature using Cu-K 

radiation. Grain structure was observed using a LEO-

EVO-40 scanning electron microscope. The magnetic 

measurements were performed using a Q-3398 

(Cryogenic) magnetometer in a temperature range from 5 

to 300 K and 6T maximum magnetic field was applied. 

The magnetic entropy, which is associated with the 

magnetocaloric effect, can be calculated from the 

isothermal magnetization curves under the influence of a 

magnetic field.  

 

 

3. Results and discussion 
 

As detailed discussed in our previous study, the X-ray 

results of the Pr0.68Ca0.32-xSrxMnO3 (x= 0, 0.1, 0.18, 0.26 

and 0.32) samples have showed that all the samples have a 

single phase of orthorhombic symmetry [8]. Based on the 

XRD pattern, the unit cell parameters were calculated for 

Pr0.68Ca0.32-xSrxMnO3 samples. The results have showed 

that all the orthorhombic unit cell parameters a, b and c 

increase slightly as the A-site cation varies from Ca
2+

 

(1.18 A
0
) to Sr

2+
 (1.31 A

0
) [8]. The observed increase in 

unit cell parameters is concluded as the substitution of a 

large ion (Sr
2+

) expands the unit cell in all the three 

direction (a, b and c).  The typical SEM micrograph for 

Pr0.68Ca0.22Sr0.1MnO3 sample reflects a smooth 

polycrystalline structure with the grain size is 20-60 µm 

[8]. 

Fig. 1 shows the temperature dependence of resistance 

for the Pr0.68Ca0.32-xSrxMnO3 (x = 0, 0.1, 0.18, 0.26, 0.32) 

samples at very low magnetic field (0.1 T). As can be seen 

from Fig.1, while the sample for x = 0 (Pr0.68Ca0.32MnO3) 

shows insulating character, the sample for x = 0.32 

(Pr0.68Sr32MnO3) displays a fully metallic character at all 

the temperature range. The change from CO-AFM 

insulating phase for x = 0 sample to FM metallic phase for 

x = 0.32 sample is clearly seen. The samples for x = 0 and 

0.1 demonstrate the insulating behavior at all the 

temperature range. The metal-insulator transition (MI) 

transition in Pr0.68Ca0.32-xSrxMnO3 is observed for x ≥ 0.18 

at very low magnetic field. While the samples for x = 

0.18-0.32 reveal insulating behavior first and than 

followed by a metallic character due to the MI transition 

with decreasing temperature. The MI transition 

temperature (TMI) increases from 218 K for x=0.18 sample 

to 280 K for x = 0.32 sample with the increase of x.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 The temperature dependence of resistance for the 

Pr0.68Ca0.32-xSrxMnO3 (x = 0, 0.1, 0.18, 0.26, 0.32) 

samples at low magnetic field (0.1 T). 

 

 

Fig. 2 (a-e) shows the temperature dependence of 

resistance for the Pr0.68Ca0.32-xSrxMnO3 (x = 0, 0.1, 0.18, 

0.26, 0.32) samples at various magnetic fields. It is clearly 

seen from Fig. 2, when the samples are cooled from 300 K 

to lower temperatures, the resistance first increases to a 

maximum peak value and then followed by a sharp 

decrease due to the rapid growth of FMM phase fraction at 
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the expense of the CO phase. However, at low magnetic 

fields (H < 3T), the resistances curve of the sample for x = 

0 shows an anomaly at lower temperatures. With 

increasing temperature, the system becomes unblocked 

due to the thermal fluctuation which is accompanied by a 

slight decrease in resistance near 45 K (Fig.2 a). This fact 

was also observed in magnetization curves near 45 K [8]. 

For the higher temperature value (between 50 and 100 K) 

a sharp increase in resistance was observed. In the 

previous studies [24-31, 37] it has been concluded that this 

corresponds to a transition back to the CO insulating 

dominated phase as the temperature is increased. As can 

be seen from Fig 2 (a), the observed resistance anomaly at 

lower temperatures disappeared at 3 T magnetic field. This 

clearly illustrates that the applied magnetic field favors 

melting of CO insulating state and an increase in the FM 

metallic phase fraction. For the samples x = 0.18, 0.26 and 

0.32, the resistance curves behave such a full FM material 

(Fig. 2 c-e). All the samples show metal-insulator 

transition occurs at TMI 218 K, 254 K and 280 K for x = 

0.18, 0.26 and 0.32 respectively at zero magnetic field. It 

is clear that the MI transition temperature (TMI) increases 

with increasing magnetic field.  Fig.2 also shows that the 

resistance value monotonically decreases with increasing 

Sr-doping level. There is a huge decrease in the resistance 

value of the samples for x = 0.18, 0.26 and 0.32 compared 

with x = 0 sample (from 6.6x10
5
 Ω for x = 0 to 0.22 Ω for 

x = 0.32). Another important point is that the variation of 

resistance with magnetic field considerably decreases with 

increasing Sr-content.         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2 The temperature dependence of resistance for the Pr0.68Ca0.32-xSrxMnO3 samples of (a) x = 0, (b) x = 0.1, 

(c) x = 0.18, (d) x = 0.26 and (e) x = 0.32 at various magnetic fields. 
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The recent several experimental works [15-21] have 

reported that in different phase-separated perovskite 

manganites the relation between the transport and 

magnetic properties and the competition between the 

different interactions are close related with <rA>. It has 

been showed that for a given carrier concentration the 

strongest CO states are found for the lowest <rA> values. 

When the CO state is established, the resistance turns to 

strong insulating behavior as in the case of x = 0 and 0.1 

samples. In many studies on the perovskite manganites, it 

has been showed that the replacement of A-site ions with 

others which have different size and oxidation state can 

cause two main changes in materials. One is Mn
3+

/Mn
4+

 

ratio and the other is the structural change because a 

change in Mn-O bond length or Mn-O-Mn bond angle 

[38]. When Ca
2+

 ions are substituted by Sr
2+

 ions, the 

Mn
3+

/Mn
4+

 ratio and hence the hole density in the system 

unchanged due to the same oxidation state of Ca
2+

 and 

Sr
2+

. The only effect originates from the difference of the 

atomic size of the Ca
2+

 (1.18 A
0
) and Sr

2+
 (1.31 A

0
) ions. 

When Ca
2+

 ions are substituted by Sr
2+

 ions which have 

larger ionic radius, the average ionic radius of A-site <rA> 

increase with the increasing of the Sr concentration from 

1.179 A
0
 for x = 0 to 1.221 A

0
 for x = 0.32 in Pr0.68Ca0.32-

xSrxMnO3 alloy. As concluded in Ref. [27], due to the 

increase in <rA>, the Mn-O-Mn bond angle distortion 

decreases and consequently the electron bandwidth (W) 

increases and hence the hopping amplitude for the 

electrons in the eg bond becomes larger causing reduction 

in resistance with the increase of Sr content. The increase 

in Mn-O-Mn bond angle and hence the electron bandwidth 

stabilize the FM state by increasing the DE interaction and 

consequently FM fraction of the sample increases. This is 

also because an increase in MI transition temperature (TMI) 

with the increase of Sr content. It is known that the 

magnetization of the PS manganites is strongly dependent 

on the applied magnetic fields. In the PS region, the 

application of a magnetic field leads to a metamagnetic 

transition by increasing the FM volume. This behavior 

induces a huge resistance variation and MR ratio, though 

to be related to the percolation of the FM phase that forms 

electrical paths where the resistance decreases several 

orders of magnitude [23]. 

At low temperature (T < TMI) the metallic behavior of 

the samples can be explained in terms of electron-electron, 

electron-magnon and electron-phonon scattering of the 

carriers. In order to understand the transport mechanism of 

Pr0.68Ca0.32-xSrxMnO3 samples, we have fitted the love 

temperature resistance data with the following expression 

 
5.2

5.20 T                              (1) 

   

where ρ0 term represents the resistance arises from 

domain, grain boundary and other temperature 

independent effects.  The second term ρ2.5 denotes the 

electron-magnon scattering contribution [27, 39]. As can 

be seen from Eq. 1, the electron-magnon scattering 

contribution is predominant in low temperature regime. 

The values of ρ0 and ρ2.5 are obtained from fitting the 

resistance curves (Fig 1) with Eq.1 are given in Table 1.  It 

is clearly seen that the values of both ρ0 and ρ2.5 decrease 

with increase of x.  As discussed in our previous study [8], 

the PS Pr0.65Ca0.35-xSrxMnO3 has spatially coexisting FM 

metallic and CO-AFM insulating regions. The substitution 

of Ca
2+

 with the bigger Sr
2+

 ions provokes an increase of 

<rA> and hence magnetic properties of the system could 

changes from CO –AFM insulating to fully FM metallic 

state. Due to the increase in FM metallic phase with 

increasing x, the size of the domain boundary decreases 

and hence ρ0 becomes smaller. The decrease of ρ2.5 with x 

could be explained as suppression of structural disorder. 

As concluded above, the substitution of Ca by larger Sr 

ions decreases the Mn-O-Mn bond angle distortion and 

consequently electron bandwidth (W) increases. The 

increase in W causes a considerable decrease in spin 

fluctuations and electron-magnon scattering and 

consequently ρ2.5 becomes smaller.  

 
Table 1. Model parameters obtained from fitting the 

resistance data of Pr0.68Ca0.32-xSrxMnO3 with 
5.2

5.20 T   

x    ρ0 (Ω)    ρ2.5   (ΩK
-2.5

) 

 0.18     0.18   2.610x10
-6 

 0.26     0.06   0.344x10
-6 

 0.32     0.04   0.140x10
-6 

 

 

In the high temperature (T > TMI) insulating region the 

conductivity is dominated by the thermally activated 

hopping of small polarons. In order to understand the 

transport mechanism of Pr0.68Ca0.32-xSrxMnO3 samples in 

high temperatures, the resistance data are fitted with small 

polaron hopping model which has the form [27, 40] 

 













Tk

E
TAT

B

aexp)(                             (2) 

 

where  kB is Boltzmann constant and Ea is the activation 

energy. In this study, Eq.(2) is used to fit the resistance 

curves above TMI. The activation energy Ea is calculated 

from the fitting process of the linear portion of the ln(ρ/T)-

T
-1

 curves (Fig. 3). The results are given in Table 2. It is 

clearly seen that the activation energy decreases with the 

increase of Sr content (x) (Fig. 4). This result clearly 

suggests that the effective height of the polaron hopping 

barrier decrease in Sr doped Pr0.68Ca0.32-xSrxMnO3 system 

which could be caused by decrease of Mn-O-Mn bond 

angle distortions. This should also increase the number of 

effective charge carrier in the Sr doped systems. The inset 

of Fig. 4 presents the variation of activation energy as a 

function of magnetic field for x = 0.1 sample. It is clear 

that the activation energy decreases with the increase of 

magnetic field as similar to the increase of Sr 

concentration (x). Similar trend is also observed in other 

samples of the series. As reported in Ref. [27] and [31], 

the role of increasing Sr concentration (x) and magnetic 

field are the same for delocalization of charge carriers and 

spin ordering in the Pr0.68Ca0.32-xSrxMnO3 system. 
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Fig. 3. Variation of ln(ρ/T) as a function of inverse 

temperature for x = 0, 0.1, 0.18, 0.26 and 0.32 samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.The variation of activation energy (Ea) as a 

function of x. The inset presents the variation of Ea as a 

function of magnetic field for x =0.1 sample. 

 
Table 2. Metal-insulator temperatures and parameters 

for small polaron hopping conduction of  

Pr0.68Ca0.32-xSrxMnO3 

  

x TMI (K)  Ea (meV)  A (x10
-5

) 

 0    ---    182.16   0.0514 

 0.1    ---    171.93   0.0602 

 0.18    218    145.17   1.174 

 0.26    254    122.28   1.275 

 0.32    280    96.65   1.512 

 

 

The MR ratio, defined as MR(%) = 100x[R(0)-
R(H)]/R(H) where R(0) and R(H) are the resistance at zero 
and at H magnetic fields respectively, was measured as a 
function of the magnetic field up to 6 T at various 
temperatures from 5  to 300 K. Fig.5 and Fig 6 show the 
MR ratio for x = 0 and 0.1 samples at various 
temperatures. It is clearly seen that due to the coexistence 
of FM metallic and CO insulating phases for the samples x 
= 0 and 0.1 an unusual anomaly is observed in MR curves. 
The MR ratio of 6.3x10

8
 for x =0 at 60 K and 4.3x10

5
 for 

x = 0.1 at 100 K in a 6 T magnetic field are one of the 
largest MR reported for Pr0.68Ca0.32-xSrxMnO3 alloys 
especially in polycrystalline form. This may be due to a 
particular unstable mixing phase of a weak CO insulating 
at high temperatures and a FM metallic phase at low 
temperatures. Therefore, the application of a low magnetic 
field is enough to partially melt the CO phase and 
percolate the FM state to enhance the metallic property. 
Hence, the large enhancement of MR indicates its 
electronic and magnetic instability or PS below its TMI at 
low magnetic fields.  Fig. 7, 8 and 9 show the MR ratio of 
the samples for x = 0.18, 0.26 and 0.32 respectively.  As 
can be seen, the maximum MR decreases considerably 
with increasing Sr content (from 279% for x =0.18 to 
100% for x =0.32 near the TMI transition temperatures and 
in a 6 T magnetic field). This indicates that the 
introduction of Sr atoms reduces the MR values.  As 
concluded above, Sr substitution can modify the 
electronic, magnetic and transport properties of 
Pr0.68Ca0.32-xSrxMnO3 by increasing the average ionic 
radius of A-site <rA> and consequence decreases the 
magnitude of MR. If the resistance curves of 
Pr0.68Ca0.22Sr0.1MnO3 and Pr0.68Sr0.32MnO3 (Fig.2 a and e) 
are compared with each other, it is clearly seen that the 
resistance ratio of Pr0.68Ca0.22Sr0.1MnO3 decreases rapidly 
with increase of magnetic fields while that of 
Pr0.68Sr0.32MnO3 changes very little. This may be explained 
as the Pr0.68Ca0.22Sr0.1MnO3 exposes mixture of FM 
metallic and CO insulating phases. As the magnetic field 
increase, the size of FM domains increases and hence 
resistance is considerably decreases which cause a huge 
MR ratio. In the case of large Sr concentration rate, due to 
the more stable metallic behavior the MR considerably 
decreases with increasing Sr content.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5. MR ratio for the Pr0.68Ca0.32MnO3 sample (x = 0) 

at various temperatures. 
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Fig. 6. MR ratio for the Pr0.68Ca0.22Sr0.1MnO3 sample (x = 0.1) at various temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7.  MR ratio for the Pr0.68Ca0.14Sr0.18MnO3 sample  

(x = 0.18) at various temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8.  MR ratio for the Pr0.68Ca0.06Sr0.26MnO3 sample  

(x = 0.26) at various temperatures. 
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Fig. 9.  MR ratio for the Pr0.68Sr0.32MnO3 sample 

(x = 0.32) at various temperatures. 

 

 

4. Conclusions 
 

In this work, the magnetotransport and 

magnetoresistance properties of Pr0.68Ca0.32-xSrxMnO3 (x= 

0, 0.1, 0.18, 0.26 and 0.32) compounds were investigated. 

The resistance curves indicated that the system presents an 

evolution from a charge-ordered manganite at x = 0; with 

an insulating-like resistivity and low magnetization values, 

towards to a completely ferromagnetic metallic state for x 

= 0.32. Below TMI, domain, grain boundary and electron-

magnon scattering contribution to the resistance were 

investigated. It was found that both the domain, grain 

boundary and electron-magnon scattering contributions 

decreased with increasing Sr content.   Above TMI, the 

resistance curves were fitted to the small polaron popping 

model. The activation energy (Ea) was found to decrease 

with increasing Sr content.  

In the intermediate (phase separated) region, due to 

the coexistence of FM metallic and CO insulating phases 

the MR was found to be maximum. The MR ratio of 

6.3x10
8
 for x =0 at 60 K and 4.3x10

5
 for x = 0.1 at 100 K 

in a 6 T magnetic field are one of the largest MR value 

reported for Pr0.68Ca0.32-xSrxMnO3 alloys especially in 

polycrystalline form. The MR decreases considerably with 

increasing Sr content (from 279% for x =0.18 to 100% for 

x =0.32). Sr substitution can modify the electronic, 

magnetic and transport properties of Pr0.68Ca0.32-xSrxMnO3 

by increasing the average ionic radius of A-site <rA> and 

consequence decreases the MR values. 

This detailed study indicates that the substitution of Sr 

in PrCaMnO3 manganites has a great influence on 

transport properties and magnitude of magnetoresistance 

properties. 
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