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Abstract
We have studied in this work the electrical and magnetoresistive properties of polycrystalline La0.75Dy0.05Sr0.2MnO3. Mag-
netic study has shown the presence of a paramagnetic–ferromagnetic transition at Curie temperature TC = 225 K. Temperature-
dependent resistivity shows two resistivity peaks. The magnetotransport in the metallic phase can be described by Zener’s 
polynomial law, while small polaron hopping mechanism is more suitable to describe resistivity evolution in the insulating 
phase. The resistivity upturn observed around 75 K was ascribed to electron–electron scattering process at low temperature. 
We have recorded important values of negative magnetoresistance (MR) around TC (MR (T) ~ 22% and MR (H) ~ 19%) for 
only 1 T applied magnetic field. This suggests the possibility of using our sample for magnetic field sensing and spintronics.

1  Introduction

The perovskite manganites R1−xAxMnO3 (R = rare earth ions 
and A = alkaline earth ions) have attracted intense research 
activities in recent years due to their important structural, 
magnetic and transport properties [1–8]. These compounds 
possess a wide range of technological applications such as 
magnetic field sensing, data storage, and magnetic refrig-
eration. They are also characterized by interesting magne-
totransport properties as well as the colossal magnetoresist-
ance (MR) phenomenon defined as a sharp decrease of the 
electrical resistivity under applied magnetic field, which is 
very useful for spintronic applications [9, 10]. Several stud-
ies have indicated that phase separation plays a key role in 
the physics of manganites [11–13], which is a direct result of 
the percolative nature of the metal–insulator transition [14].

Dysprosium is a rare earth element characterized by 
important magnetic properties. In fact, Dy3+ ions possess a 
high magnetic moment value (~ 10.6 µB). This fact indicates 
that the substitution by Dy in manganites, even using small 

amounts, will highly affect structural, magnetic and electri-
cal response of these compounds [15–18].

Previous studies have been carried out on the sam-
ple La0.75Dy0.05Sr0.2MnO3 (LDSMO) [15, 16]. Studies 
have revealed that LDSMO compound is single-phased and 
crystallizes in the orthorhombic structure with Pnma space 
group. Besides, the partial substitution of La3+ (rA = 1.216 Å) 
by smaller Dy3+ ions (rA = 1.083 Å) in La0.8Sr0.2MnO3 leads 
to a decrease of the volume per formula unit (V/f.u) from 
59.125 to 59.069 Å3 [15]. Moreover, such substitution reduces 
the average ionic radius at A-site from 1.235 Å to 1.228 Å and 
highly enhances the cationic mismatch σ2 from 14.13 × 10−4Å2 
to 25.04 × 10−4 Å2. The magnetic study has revealed that our 
sample exhibits a ferromagnetic–paramagnetic transition with 
increasing temperature at TC = 225 K. Our results have shown 
that LDSMO compound has a large value of magnetocaloric 
effect and high relative cooling power (RCP) (RCP = 96 J/kg 
for 2 T applied field). In addition, we have previously studied 
the effect of rare earth substitution effect on the magnetic inter-
actions in La0.75R0.05Sr0.2MnO3 (R = La, Eu, Sm, Gd, Dy and 
Ho) and the theoretical studies has shown an exception for Dy 
substitution [16]. In fact, all the La0.75R0.05Sr0.2MnO3 (R = La, 
Eu, Sm, Gd and Ho) compounds belong to the 3D Ising univer-
sality class. However, the substitution by Dy ions changes the 
universality class from 3D Ising to tricritical mean field, which 
can be attributed to the intrinsic contribution of Dy3+ ions [16]. 
Thus, we expected that this sample may exhibit interesting mag-
netotransport properties. In this paper, we are interested to study 
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the electrical and the magnetotransport properties of LDSMO 
compound.

2 � Experimental techniques

Polycrystalline LDSMO sample was prepared by sol–gel 
technique by using high-purity (99.9%) La2O3, Dy2O3, 
SrCO3 and MnO3 (Sigma Aldrich). The synthesis proce-
dure was previously described [15]. X-ray diffraction (XRD) 
pattern was recorded using Panalytical X’Pert PRO diffrac-
tometer with a Philips PW3050/60 X-ray generator (CuKα 
radiation, λ = 1.5418 Å). The chemical composition and the 
morphology of our sample were studied using a JEOL 840 A 
Scanning electron microscope (SEM). Resistivity measure-
ments were carried out in the temperature range 50–293 K 
using a Physical Property Measurement System (PPMS, 
Quantum Design) with applied magnetic field values up to 
2 T. The magnetic measurements were carried out using a 
vibrating sample magnetometer (BS2 VSM) under magnetic 
field values up to 7 T in the temperature range 5–330 K.

3 � Results and discussion

The XRD pattern for LDSMO sample is shown in Fig. 1. 
Rietveld refinement of the XRD data using FULLPROOF 
software indicates that the sample is single-phased and 
crystallizes in the orthorhombic structure with Pnma space 
group with a unit cell volume equal to 236.28 Å3 [15]. The 
Goodness of fit χ2 is about 2.47, testifying the fitting quality. 

Figure 2 shows a SEM photograph of LDSMO compound. 
The SEM image shows the presence of composition hetero-
geneity (black and white), with the presence of sintering 
neck between particles, which can enhance the connectivity 
and the electrical conductivity between grains, leading to a 
reduction of scattering mechanisms. From the SEM image, 
we have evaluated the average grain size, which is around 
0.7 µm. In addition, energy-dispersive X-ray (EDX), as 
shown in Fig. 3, confirms the presence of La, Dy, Sr, Mn and 
O elements, as well as the purity of the obtained compound 
due to the absence of other elements.

Figure 4 shows the temperature-dependent field-cooled 
(FC) and zero field-cooled (ZFC) magnetization at 0.05 T 
applied field for LDSMO sample. The curve shows a para-
magnetic–ferromagnetic transition when the temperature 
decreases for our sample. The Curie temperature TC is 

Fig. 1   Rietveld fitted XRD pat-
tern of LDSMO compound

Fig. 2   SEM image of LDSMO compound
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around 225 K (calculated from the minimum of the dM/dT 
vs.T curve). Both FC and ZFC curves are separated below 
the magnetic transition, which suggests that the ferromag-
netic phase is not homogenous. We have plotted in the inset 
of Fig. 4 the magnetization variation versus magnetic applied 
field at 5 K for LDSMO compound. It is obvious that the 
value of experimental saturation magnetization (Mexp

sat  = 4 µB/
Mn) is greater than the theoretical value of saturation mag-
netization expected for our sample ( Mth

sat
 = 3.8 µB/Mn) which 

is calculated by considering only the magnetic moment of 
manganese ions with a full spin alignment. Thus, this result 

can be explained by the contribution of dysprosium ions 
Dy3+ which possess an important magnetic moment (10.6 
µB/Mn), which can be aligned according to the magnetic 
field direction and thus contribute to experimental saturation 
magnetization.

To study the magnetotransport properties of LDSMO 
sample, the evolution of resistivity as a function of tempera-
ture for several values of applied magnetic field up to 2 T is 
shown in Fig. 5. It is clear that LDSMO sample exhibits a 
metal–insulator transition with increasing temperature around 
Tρ = 180 K for different applied magnetic field. In the presence 

Fig. 3   Energy-dispersive X-ray 
of LDSMO compound
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Fig. 4   Temperature dependence of magnetization of LDSMO sample 
under an applied magnetic field of 0.05 T [15]. The inset shows the 
magnetic field dependence of the magnetization at 5 K

Fig. 5   Temperature dependence of electrical resistivity for several 
values of applied magnetic field for LDSMO compound
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of an applied field, the resistivity decreases, and Tρ slightly 
shifts to higher values, from 180 K in zero field to 185 K in 
2 T field. This suggests that the applied magnetic field facili-
tates the hopping of eg electrons between neighboring Mn 
ions, which agrees with the double exchange model. The zero 
and 0.4 T field resistivity curves for LDSMO sample show a 
second resistivity peak around Curie temperature TC = 225 K. 
The higher temperature transition recorded near TC is usually 
described as the metal–insulator transition due to grain effects 
(intrinsic effect) that arises due to the competition between 
double exchange and super exchange mechanisms. This fact 
is confirmed by the occurrence of this transition in the vicinity 
of the magnetic transition at TC. The lower temperature transi-
tion (Tρ) can be related to the contribution of grain bounda-
ries effects (extrinsic effect). Previous works have also shown 
that the broad transition at the low-temperature Tρ1 presents a 
higher magnitude than the sharp transition at high-temperature 
Tρ2, which is consistent with our result [19–22]. It can be seen 
that, the applied field (for µ0H ≥ 1 T) suppressed the resistivity 

peak located near TC. This fact suggests that the magnetic field 
enhances the hopping of eg electrons, which tips the balance 
in favor of ferromagnetic metallic tendencies. We have also 
noticed the presence of an insulating behavior below 75 K 
and its origin will be discussed later. To understand the nature 
of conduction mechanism below Tρ in the temperature range 
90–160 K, resistivity data in the metallic region for different 
applied magnetic field values for LDSMO sample were fitted 
according to the following equation:

 
where ρ0 is the temperature-independent residual resistiv-

ity due to scattering by impurities, defects, grain boundaries 
and domain walls. The second term ρ2T2 is ascribed to the 
electron–electron scattering mechanism, and the third term 
ρ4.5T4.5 is a combination of electron–electron, electron–mag-
non and electron–phonon scattering processes. The fitted 
curves are shown in Fig. 6 and the obtained parameters are 
summarized in Table 1. The ρ0 and ρ4.5 parameters are found 
to decrease continuously with increasing of the applied mag-
netic fields. This result can be due to decrease of scattering 
mechanisms due to the presence of magnetic field. We have 
previously indicated the presence of a resistivity minimum 
near 75 K. Resistivity behavior in the vicinity of 75 K can 
be described using the following relation:

 
where α is the residual resistivity, β

√

T  term describes 
the electron–electron coulombic elastic interactions and 
γTn term refers to inelastic scattering processes. It is obvi-
ous from Fig.  7 that relation (2) is in agreement with 

(1)� = �0 + �2T
2 + �4.5T

4.5

(2)� = � − �
√

T + �Tn

Table 1   Fitting parameters in the metallic region and around resis-
tivity minimum under several values of applied magnetic field for 
LDSMO sample

µ0H (T) 0 0.4 1 1.5 2

ρ0 (Ω cm) 0.453 0.412 0.372 0.362 0.351
ρ2 (10–6 Ω cm K−2) 5.695 6.025 6.730 5.809 5.185
ρ4.5 (10–11 Ω cm K−4.5) 2.067 2.085 1.641 1.519 1.360
Tmin (K) 75 80 77 79 80
α (Ω cm) 1.081 0.983 0.771 0.753 0.749
β (10–2 Ω cm K−0.5) 8.344 7.694 4.926 4.886 5.112
γ (10–6 Ω cm K−n) 25.005 29.340 3.891 4.476 8.372
n 2.026 1.991 2.330 2.282 2.164

Fig. 6   Temperature dependence of electrical resistivity in the metal-
lic phase under several values of applied magnetic field for LDSMO 
sample. The line represents the fitting according to relation (1)

Fig. 7   Temperature dependence of electrical resistivity in vicinity of 
resistivity minimum under several values of applied magnetic field 
for LDSMO sample. The line represents the fitting according to rela-
tion (2)

Author's personal copy



Journal of Materials Science: Materials in Electronics	

1 3

experimental data. The best fitting results for our sample 
in the temperature range 50–120 K are given in Table 1. 
The low-temperature resistivity upturn characterizes several 
manganites [17, 23–28]. We can see that α and β parameters 
decrease with field application. For residual resistivity α, the 
decrease with applied magnetic field can be attributed to the 
enhancement of double exchange and, hence, decrease in 
electrical resistivity. The decrease of β parameter indicates 
a reduction of minima depth due to the field-induced sup-
pression of elastic scattering mechanisms. For µ0H ≥ 1 T, γ 
coefficient increases, indicating an enhancement of inelas-
tic scattering processes. The n exponent is near to 2 for all 
applied magnetic fields, which is a characteristic of elec-
tron–electron interactions. 

The evolution of resistivity at higher temperatures T > Tρ 
can be described by three models: the small polaron hopping 
(SPH) model, the variable-range hopping (VRH) model and 
thermal activation (TA) model. For SPH model, the thermal 

energy is sufficient to allow the electrons hopping to the 
nearest neighbors by multiphonon-assisted process. This 
mechanism is described by the following relation:

where Ea is the hopping energy, ρ0 is a constant and kB 
is the Boltzmann constant. The hopping activation energy 
can be estimated from slope of the In(ρ) versus 1/T curve as 
displayed in Fig. 8. Values of ρ0 and Ea are given in Table 2. 
It is interesting to note that values of ρ0 and Ea increase 
and decrease, respectively, with increasing the magnetic 
field. The VRH model describes the hopping of a charge 
carrier from a localized state to another; this model can also 
describe the evolution of resistivity above TC (Fig. 9), and 
this law can be written as follows:

(3)� = �0T exp

(

Ea

kBT

)

Table 2   Resistivity fitting 
parameters in the insulating 
region under several values 
of applied magnetic field for 
LDSMO sample

µ0H (T) 0 0.4 1 1.5 2

SPH
 ρ0 (10−5Ω cm K−1) 1.051 2.472 4.796 7.691 10.024
 Ea (mev) 115.23 98.14 81.17 69.65 62.40
 R2 0.999 0.998 0.992 0.994 0.995

VRH
 ρ0 (Ω cm) 8.4710–9 5.0210–8 4.9110–6 4.1810–5 1.6010–4

 T0 (106 K) 26.19 17.13 4.48 1.92 0.99
 N(EF) (1010 eV−1 m−3) 0.303 0.463 1.769 4.123 8.038
 R2 0.999 0.997 0.987 0.990 0.991

TA
 ρ0 (10–2 Ω cm) 0.696 1.044 3.177 5.095 6.645
 Ea (mev) 94.23 84.75 60.17 48.66 41.43
 R2 0.999 0.996 0.986 0.988 0.989

Fig. 8   Fit of high-temperature resistivity data using SPH model for 
LDSMO sample

Fig. 9   Fit of high-temperature resistivity data using VRH model for 
LDSMO sample
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where ρ0 is the Mott residual resistivity and T0 is the 

Mott characteristic temperature, given by

 where N(EF) is the density of states and the constant α is 
taken to be equal to 2.22 nm−1 [29]. The value of T0 is calcu-
lated from the slope of the curve Ln(ρ) = f(T−0.25) (Fig. 10). 
The calculated values of T0 and N(EF) are listed in Table 2. 
Finally, for the TA model where hopping is thermally acti-
vated, the mechanism is given by

The validity of this model is clear through the linear 
behavior in the Fig. 10. Also, one can observe a decrease 
in Ea with increasing the applied magnetic fields. This 
behavior is attributed to the enhancement of double 
exchange, leading a delocalization of the charge carriers. 
Thus, for the previous models, the SPH model seems to be 
the most suitable to describe resistivity evolution due to 
the important correlation between experimental and theo-
retical data (R2 close to 1).

The evolution of MR as function of temperature, cal-
culated from resistivity data in Fig. 5, is shown in Fig. 11. 
MR is determined using the following formula:

(4)� = �0exp

(

T0

T

)0.25

(5)T0 =
16�3

KBN
(

EF

)

(6)� = �0 exp

(

Ea

kBT

)

(7)MR(%) =
�(H) − �(0)

�(0)
× 100

  
where ρ(H) and ρ(0) are the resistivity values under 

applied magnetic field µ0H and in zero applied magnetic 
field, respectively. As seen in Fig.  11, the MR effect 
appears near 225 K and the maximum of MR increases 
with the increase of the applied magnetic field due to 
alignment of Mn spins, which allows the delocalization 
of eg electron and the increase of the conductivity of the 
LDSMO sample. For 2 T applied field, maximum MR 
reaches 33% near 230 K for LDSMO sample. In fully mag-
netized ferromagnetic manganites, a negative MR can be 
observed under a weak field due to spin-dependent charge 
carrier tunneling across domain walls or grain boundaries 
[30, 31]. These effects could be relevant in the present 
manganite sample.

Figure 12 shows the evolution of resistivity as function 
of magnetic field at different temperatures. The field was 
isothermally applied from 1 to − 1 T. According to these 

Fig. 10   Fit of high-temperature resistivity data using TA model for 
LDSMO sample

Fig. 11   Temperature dependence of magnetoresistance under several 
values of applied magnetic field for LDSMO sample

Fig. 12   Magnetic field dependence of electrical resistivity recorded 
under several values of temperature for LDSMO sample
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curves, resistivity decreases when |µ0H| increases, sug-
gesting the presence of important low-field MR values. To 
investigate the field-dependent magnetoresistive response 
of LDSMO compound, evolution of MR as a function 
of applied magnetic field for different temperatures is 
shown in Fig. 13. At 5 K and even below 1 T field, a 
sharp increase of MR is achieved (around 22% for only 1 T 
applied field). On the other hand, the enhancement in the 
negative MR value near TC might be due to spin-polarized 
tunneling. We have also recorded around 19% of negative 
MR at TC for only 1 T applied field. Recently, a new model 
was established to describe the magnetic field dependence 
of MR: this model suggests that MR(H) curves can be 
governed by a universal law that can be described by the 
following relation [32]:

  
where K is the amplitude of low-field MR, µ0HL and µ0HH 

are critical field values characterizing low-field and high-
field MR, respectively, and p and q are critical exponents 
characterizing low-field and high-field MR, respectively 
[32]. We have fitted our MR(H) curves using relation (8) 
and we have gathered the fitted curves in Fig. 14 and the fit-
ting results are summarized in Table 3. According to Fig. 14, 
the correspondence between experimental and theoretical 
results is evident, which supports the validity of this model. 
According to the results of Table 3, one can observe that the 
low-field MR amplitude K decreases with increasing temper-
ature and reaches zero near Tρ. The critical field µ0HH should 
exhibit a minimum near Tρ [32], which is not the case here 
due to the presence of resistivity peak near TC (Fig. 5). This 
fact indicates that the minimum of µ0HH is directly linked 

(8)−MR(�0H) =
K × H

p

H
p

L
+ Hp

+
(100 − K) × H

q

H
q

H
+ Hq

to the metal–insulator transition and supports the extrinsic 
origin of the resistivity peak recorded in the vicinity of Tρ.

4 � Conclusion

We have investigated the effect of dysprosium on 
the electrical and magnetotransport properties of 
La0.75Dy0.05Sr0.2MnO3 sample elaborated by sol–gel method. 
Resistivity measurements versus temperature for several 
applied magnetic field values were studied in the vicinity 
of the metal–insulator transition temperature (180 K). For 
applied magnetic fields below 1 T, the resistivity shows a 
second peak near TC, which can be attributed to the com-
petition between the double exchange and super exchange 
interactions. The magnetotransport in the metallic phase 
can be described by Zener’s polynomial law, while small 
polaron hopping mechanism is more suitable to describe 
resistivity in the insulating phase. We have recorded about 
MR(T) ~ 22% at TC and about M(H) ~ 19% at TC, for only 

Fig. 13   Magnetic field dependence of isothermal magnetoresistance 
for LDSMO sample Fig. 14   Experimental (symbols) and theoretical (solid lines) magnetic 

field dependence of MR for LDSMO sample

Table 3   Magnetic field dependence of MR fitting results by using 
relation (8) for LDSMO sample

T (K) K (%) µ0HL (T) µ0HH (T) p q

5 19.27 0.422 21.55 2.731 0.953
77 10.60 0.366 14.10 3.031 1.030
150 8.73 0.410 3.90 2.073 2.154
184 0.00 – 4.12 – 1.457
203 0.00 – 3.68 – 1.555
223 0.00 – 3.31 – 1.147
293 0.00 – 38.65 – 1.269
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1 T applied field. The important MR values indicate that our 
sample can be used for magnetic field sensing.
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