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Abstract
The detail investigations on the magneto-transport properties of the polycrystalline
(Sm0.3Gd0.7)0.55Sr0.45MnO3 (SGSMO-1) and (Sm0.5Gd0.5)0.55Sr0.45MnO3 (SGSMO-2)
compounds, having a glassy-like and ferromagnetic ground states respectively have been
carried out in details. Due to the existence of two different magnetic ground states in the above
mentioned systems, the magneto-transport properties are markedly differed from each other,
specially at the low temperature region. The highly semi-conducting nature of the SGSMO-1
compound is suppressed with the application of magnetic field, whereas the SGSMO-2
compound exhibits a metal–insulator transition in its pristine state. The high-temperature
semiconducting state of both the systems can be well-explained with the polaronic transport
mechanisms via small-polaron hopping and variable-range-hopping models. The
low-temperature metallic states for both the systems are explored by considering the various
contributions arise from the grain boundary effect, electron–electron, electron–phonon,
electron-magnon etc scattering processes. The spin-polarized tunneling transport mechanism
at the grain boundaries plays a crucial role in the enhancement of low-field magnetoresistance
in the studied systems.

Keywords: meta-magnetic transition, spin-polarized tunneling, polaron hopping mechanism,
glassy-magnetic ground state, ferromagnetic ground state, magnetoresistance

(Some figures may appear in colour only in the online journal)

1. Introduction

In the strongly correlated electronic systems, the coupling
between magnetic and magneto-transport properties are exten-
sively studied in the previous few decades [1–8]. The doped
perovskite manganite compounds (having the general formula
R1−xBxMnO3, R = rare earth trivalent ion and B = alkaline
earth bivalent ion) are one of the most well-studied systems

∗ Author to whom any correspondence should be addressed.

due to the existence of a strong correlation in between vari-
ous degrees of freedom like charge, spin, orbital and lattice.
The introduction of Mn4+ ions in the doped perovskite man-
ganite compounds leads many charming and tunable physi-
cal properties compared to its undoped counterpart [9–14].
The tunability of several magnetic (or electrical) ground states
by optimizing the dopant elements and concentration (x) also
intensify this field from fundamental as well as technological
perspectives [7, 13–17]. It is well-established that generally
charge-ordered antiferromagnetic (CO-AFM) and ferromag-
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netic (FM) doped perovskite manganite compounds possess
insulating and metallic ground states respectively below the
respected transition temperatures, suggesting the strong cor-
relation between magnetism and electronic properties. How-
ever, the scenario becomes quite different in case of the
disordered FM or glassy systems having short-range-type of
interactions [18–20]. Moreover, the distinguished nature of the
physical properties can also be observed in presence of the
external magnetic field. Regarding the context of doped man-
ganite materials, it is worth mentioning that metal–insulator
transition (MIT) is one of the most observed generic fea-
ture. The MIT occurs due to the competing nature of vari-
ous magnetic phases i.e. coexistence of magnetic phases take
place in the system. Since, the phase coexistence drastically
changes with magnetic field, the MIT is also influenced by
the strength of the external magnetic field. With increasing
the field value, MIT temperature (TMI) gradually shifts to the
higher temperature side [21]. For a system obeying a con-
tinuous FM to paramagnetic (PM) phase transition without
any thermal hysteresis, the MIT takes place in a large tem-
perature scale and it will be reversible in nature [21]. The
scenario will be completely different for the systems having
frustrated or glassy-like magnetic ground state. Here, the resis-
tivity drops drastically within a short span of temperature and a
well-pronounced thermal hysteresis has been noticed in those
systems [21].

Due to the existence of several fascinating physical prop-
erties with the various values of ’x’, both Sm1−xSrxMnO3 and
Gd1−xSrxMnO3 compounds are very much studied among the
manganite families [20, 22–28]. Sm1−xSrxMnO3 possesses
both CO-AFM-insulating state and FM metallic (FMM) state
depending upon the operating temperature scale [22–26]. In
case of half-doped Gd1−xSrxMnO3 (x = 0.5) compound, a
cluster-glass phase is coexisted along with the charge-ordered
state at the low temperature regions [27]. Continuing from the
discussion about Sm1−xSrxMnO3 and Gd1−xSrxMnO3 com-
pounds, if we keep the Sr-content fixed (x = 0.45) and then
double doping of rare-earth site with different compositions
like (Sm0.3Gd0.7)0.55 and (Sm0.5Gd0.5)0.55, the as-formed com-
pounds exhibited two distinct magnetic ground states such as
charge-ordered glassy magnetic state and FMM state respec-
tively [19, 29]. Considering these facts, as y = 0.5 and 0.7
compounds lie in both sides of the crossover boundary i.e. y =
0.6, we have selected (Sm0.3Gd0.7)0.55Sr0.45MnO3 (SGSMO-1)
and (Sm0.5Gd0.5)0.55Sr0.45MnO3 (SGSMO-2) compounds with
two different magnetic ground states for the present study. We
have already studied the magnetic and magnetocaloric proper-
ties of the SGSMO-1 and SGSMO-2 compounds [19]. Accord-
ing to our earlier report, the value of magnetic entropy change
enhanced in the lower Gd-based SGSMO-2 compound as com-
pared to the higher Gd-based SGSMO-1 compound. Addition-
ally, the variation of magnetic cooling capacities (both rel-
ative cooling power and refrigerant capacity) exhibited two
distinct features [19]. Such anomalies in magnetic and magne-
tocaloric properties were addressed considering different mag-
netic configurations of the compounds. To fulfill the criteria of
a suitable magnetic refrigerant material, the material should
be tested from the view point of the electronic ground state.

The insulating nature of a material is considered as a ben-
eficial parameter for the selection of a magnetic refrigerant
material [30].

The motivation of the present work is to explore the influ-
ence of different competing magnetic as well as electronic
ground states in the electrical and magneto-transport proper-
ties of the SGSMO-1 and SGSMO-2 compounds. Additionally
we have extended our study even in the PM region. Our study
reveals that the electron localization length, electron density
at the Fermi level, activation energies are drastically modified
depending upon the nature of the magnetic ground state as well
as strength of the applied magnetic field.

2. Experimental details

The conventional solid-state reaction mechanism had been
employed to prepare the polycrystalline (Sm1−yGdy)0.55

Sr0.45MnO3 (Y = 0.5 and 0.7) (SGSMO) compounds [19].
The x-ray diffraction (XRD) study of the powdered SGSMO-1
and SGSMO-2 confirmed the single-phase nature of the com-
pounds. The profile fitting of the XRD pattern revealed that
both the compounds exhibited orthorhombic unit cell with
Pbnm space group [19]. Both the zero-field and magnetic field
dependent electrical resistivity measurements were performed
in rectangular bar-shaped samples by four probe method using
longitudinal geometry inside a variable temperature cryostat
(Cryogenic, UK).

3. Results and discussions

3.1. Evolution of temperature and magnetic field
dependence of electrical resistivity

The temperature-dependent of electrical resistivity for both
the compounds SGSMO-1 and SGSMO-2 in absence as well
as in presence of the external magnetic fields have been
displayed in figures 1(a) and (b) respectively. The resistiv-
ity data were recorded during cooling and warming cycles.
The temperature-dependent resistivity data indicates the semi-
conducting (insulating) nature of the compounds with decreas-
ing the temperature. For the SGSMO-2 sample, the signature
of charge ordering is found at T ∼ 170 K. However, it is
hindered in case of the SGSMO-1 compound. With further
lowering the temperature especially below 100 K, an insu-
lator to metal transition has been appeared in the SGSMO-2
compound even in the absence of any external magnetic field.
In contrast to that, resistivity of SGSMO-1 sample indicates
insulating nature in the whole measured temperature span for
H = 0 kOe. For the SGSMO-1 compound, the increasing
nature of the resistivity may be associated with the glassy
magnetic ground state present in the low temperature region
[19, 31, 32]. However, with the application of external mag-
netic field (H � 10 kOe), a well-pronounced MIT is observed
in this compound. Such MIT in doped perovskite manganites
generally addresses by considering the spontaneously phase
transformation from insulating to metallic region with low-
ering the temperature in the presence of different external
magnetic fields [8, 31]. In both the samples, the thermal

2



J. Phys.: Condens. Matter 33 (2021) 305601 D Mazumdar et al

Figure 1. Temperature dependence of electrical resistivity (ρ) in absence of magnetic field as well as in presence of various external
magnetic fields for (a) SGSMO-1 and (b) SGSMO-2 compounds respectively. The arrows are used to indicate the direction of the warming
and cooling cycles.

Figure 2. Variation of magnetoresistance (MR) with temperature for different field values for (a) SGSMO-1 and (b) SGSMO-2 compounds
respectively.

hysteresis between cooling and warming cycles are reduced
with increasing the strength of magnetic fields.

From the temperature-dependent of the electrical resistivity
data, we have calculated the magnetoresistance (MR) by using
the mathematical expression as given below that is mostly used
for the CMR materials [1, 2],

MR% =
R(H) − R(0)

R(H)
× 100%. (1)

Variation of the MR with temperature at different external
magnetic field values for both the SGSMO-1 and SGSMO-2
compounds are presented in figures 2(a) and (b) respectively.
With decreasing the temperature, a non-saturating tendency is
observed in the SGSMO-1 compound and finally it reaches
the measurement instrumentation limit at the low temperature
region (T < 25 K). On the other hand, MR(T ) of the SGSMO-
2 sample exhibits maximum value at the vicinity of the MIT
region.

To get a better view about the modification of magnetic
ground state configuration, we have carried out the field-
dependent resistivity measurements at some selected temper-
atures as depicted in the figure 3. Our experimental results
indicate that, in case of SGSMO-1 sample with glassy mag-
netic ground state, a sharp field-induced meta-magnetic type

transition (from insulating to metallic) has been taken place. In
contrast to that, for the SGSMO-2 sample having a FM ground
state, the resistivity decreases with increasing the strength of
the magnetic fields and gradually ground state of the sam-
ple converts into a low-resistive metallic state. Such nature
may be observed due to the presence of sufficient percola-
tion paths in the SGSMO-2 compound. Moreover, the resis-
tivity should also be less for ordered magnetic state due to
the less scattering of conduction electrons. In the presence of
magnetic field, the AFM insulating counterpart transformed
into the metallic part. After the subsequent field cycling at
the specified temperatures, the compound exhibits low resis-
tive metallic state. For the clarity, the magnetic field variation
of the four-quadrant resistivity, except the virgin state of the
SGSMO-2 sample at T = 3 K, is presented in the inset of
figure 3(b).

Magnetic field-dependent of MR for both the compounds
were also calculated by using the conservative definition [1, 2]
used for various metallic systems is given below

MR% =
R(H) − R(0)

R(0)
× 100%. (2)

From the fundamental point of view, it is beneficial to
extract the low-field MR values. In this present study, a sharp
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Figure 3. Evolution of electrical resistivity at different constant temperatures with magnetic field sweeping over 0 kOe to 90 kOe under the
zero-field cooled condition i.e. the virgin curves for (a) SGSMO-1 and (b) SGSMO-2 compounds respectively. Inset of (b) shows the
four-quadrant variation of resistivity except the virgin curve with magnetic field recorded at T = 3 K for SGSMO-2 compound. The arrows
are used to show the direction of the field-sweeping.

Figure 4. Magnetoresistance (MR) as a function of magnetic field calculated for various constant temperatures for (a) SGSMO-1 and
(b) SGSMO-2 compounds respectively.

jump in the resistivity from the insulating ground state to a
metallic state is observed at the low-temperature region for
the SGSMO-1 sample. However, such a sharp meta-magnetic
transition vanishes at the high temperature (T > 10 K) region.
In case of the FM SGSMO-2 compound, due to the incre-
ment of external magnetic field, magnetic randomness of the
sample decreases. Since resistivity is directly related with the
magnetic randomness, it is also be reduced and hence MR
should be increased with increasing the field values. In this
scenario, the magnetic field-induced sharp meta-magnetic
transition is absent. Although, a sharper drop in the low-field
(H < 30 kOe) MR is present in the SGSMO-2 compound.
The easy alignment of the FM domains in the SGSMO-2 com-
pound (compared to the SGSMO-1 compound) may have the
significant contribution in enhancement of the low field MR
(figure 4).

It is well-documented that for the FM granular system, the
low-field MR phenomenon is generally governed by the spin
polarized tunneling (SPT) transport mechanism through the
grain boundaries [33–35].

3.1.1. Spin-polarized tunneling transport. To understand the
basic mechanism behind the magnetic field-dependent
of MR in case of our systems, we have utilized the

phenomenological model proposed by Raychaudhuri et al
by considering the fact of progressive movement of the
domain walls across the polycrystalline grain boundaries pin-
ning centers under the application of magnetic field [33, 34].
According to this model, the total MR can be expressed in the
following form,

MR = −A/

∫ H

0
f (k)dk − JH − KH3. (3)

The first term in the above equation is the contribution arises
from the SPT part, which help to drop the resistance sharply
at the low-field values and the rest of the two terms arise due
to the intrinsic contribution (INT), originating from the dou-
ble exchange interaction between the two neighboring Mn-
cations. Here, J and K are some adjustable fitting parameters
[33, 35, 36].

Within this model, it is assumed that the FM domain
boundaries are strongly pinned at the pinning centers of the
grain boundary with a pinning strength, k in absence of
any magnetic field [33, 35]. This pinning strength, k fol-
lows a Gaussian-type distribution function f (k) which can be
written as

f (k) = A exp(−Bk2) + Ck2 exp(−Dk2), (4)
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Figure 5. (a) Main panel shows the variation of well-fitted MR with magnetic field by the SPT model at some selected temperatures for the
SGSMO-2 compound. The black lines are the best fitting of the MR data using equation (3). The inset shows a typical fitting of MR vs H
data with the MFT model at T = 200 K. The red line represents the best fitting of the experimental data points with the MFT model;
(b) temperature dependent of SPT component (MRSPT), intrinsic component (MRINT) and the overall MR (MRTotal) extracted for
H = 30 kOe from the adjustable fitting parameters of the fitted lines as shown in the main panel of figure (a); (c) plot of MR vs H for
SGSMO-1 compound and its fitting with two different models SPT (T = 60 K and 100 K) and MFT (T = 200 K), where black and red solid
lines are the fitted lines for SPT model and MFT model respectively.

where A, B, C, and D are some adjustable fitting parameters
used to calculate the SPT contribution to the MR (MRSPT) and
the intrinsic contribution to the MR (MRINT) which are given
by

MRSPT = −A/

∫ H

0
f (k)dk (5)

and
MRINT = −JH − KH3. (6)

Using the best fitting parameters as mentioned above, we
have fitted the field-dependent of MR curves for various tem-
peratures in case of the FM SGSMO-2 system as presented
in figure 5(a). The well-pronounced concave nature of the
MR curves are well-understood by the SPT transport mecha-
nism. We have extracted the MRSPT and MRINT parts by using
the adjustable fitting parameters as mentioned above. Figure
5(b) displays the variation of overall MR (MRTotal), MRSPT

and MRINT with temperature for an applied magnetic field of
H = 30 kOe for the SGSMO-2 compound. Both the MRTotal

and MRSPT follows the same decreasing trend with increas-
ing the temperature. After reaching a minimum value near the
TC of the system, both of the terms tends to increase with
further increasing the temperature. However, the intrinsic con-
tribution of the MR, MRINT increases slowly with increasing
temperature, expected for the FM double exchange interaction
[33–35]. We have also checked the variation of the MRSPT

and MRINT individually as a function of magnetic field for
any constant temperature, which is not presented herewith.
Above a particular magnetic field value, the SPT contribution
to the total MR remains same up to the highest measurable
field values of 90 kOe.

However, in case of the SGSMO-1 compound, MIT is
observed due to the application of magnetic field. At the low
temperature region, the system shows an insulating behavior
up to a certain magnetic field value as shown in figure 3(a). The
sharp field-induced FMM state from any AFM-insulating state
at T = 3 K and 10 K in the resistivity data could not be fitted
by the SPT model. But the continuous variation of resistivity

(or MR) at the low fields and almost saturating MR values at
the high field regions can be described by the SPT model. The
excellent fitting of the experimental data points with the SPT
model for the SGSMO-1 compound is displayed in figure 5(c)
for T = 60 K and 100 K. The estimated values of the MRSPT

follow the same trend with magnetic field as mentioned in case
of the SGSMO-2 compound [35, 37].

Surprisingly, the concave nature of MR at low temperature
changes into a convex-type at high temperature (T = 200 K)
for both the SGSMO-1 and SGSMO-2 compounds as shown
in figures 3(a) and (b) respectively. It was reported in the lit-
erature that the magnetic field dependent of MR follows a
power-law dependence of field at the high temperature PM
ground state. We have fitted the magnetic field dependent of
MR at T = 200 K with a power-law derived from mean-field
theory (MFT) of the form MR = AH + BH2, where A and B
are constants [1, 2, 38, 39]. The experimentally calculated MR
data points at T = 200 K are in excellent agreement with the
MFT fitted lines as shown in the inset of figure 5(a) and in
the main panel of figure 5(c) for the SGSMO-2 and SGSMO-1
compounds respectively. Therefore, our studied systems obey
the PM state at this high temperature region according to the
magnetic polaron hopping model which states that the nega-
tive MR is proportional to the Brillouin function (BJ) in the
FM state and B2

J in the PM region for doped manganite systems
[38–41].

3.2. Polaronic transport mechanism

To understand the transport mechanism in different temper-
ature regimes of the resistivity data in presence and absence
of magnetic fields, various well-known theoretical models
have been utilized in the respected temperature scale. For
this purpose, we have categorized the whole resistivity data
in two different sections viz the high-temperature insulating
regime (T > TMI) and the low-temperature metallic regime
(T < TMI). Here, we must mention that we have used only
warming cycle data for the analysis of the polaronic transport
mechanism.
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Figure 6. Small polaron hopping (SPH) model: variation of ln(ρ/T) as a function of inverse temperature (1/T) in zero magnetic field as well
as in presence of different external magnetic fields for (a) SGSMO-1 and (b) SGSMO-2 compounds respectively. The red straight lines are
the best fitting of the experimental data points with the SPH model up to a fixed temperature θD/2 (θD is the Debye temperature) which is
shown in the inset of figure (a). Variable range hopping (VRH) model: the relation between lnρ vs T−1/4 with and without magnetic field for
(c) SGSMO-1 and (d) SGSMO-2 compounds respectively. The red straight lines are used to show the best fitting of experimental data points
with VRH model in the limited temperature range of TMI < T < θD/2 which is shown in the inset of figure (c) as representative.

3.2.1. High-temperature insulating region. In order to get the
clear view of the conduction physics in the studied mangan-
ite systems, different models have been employed in order to
verify the veracity of the conduction mechanism. In case of
the semiconductor and insulator, the band gap model having
activation energy, EA is widely used [28]. The expression of
the band gap model in the following form ρ = ρ0 exp(EA/kBT)
must exhibit an Arrhenius temperature dependence plot i.e.
a straight line behavior in between log ρ and 1/T must be
expected [42, 43]. In our case, we did not observe any such
kind of linearity in log ρ vs 1/T plot, suggesting the rejection
of the band gap model to describe the conduction mechanism
in the present studied systems. Alternatively, one can use two
different models viz small polaron hopping (SPH) and vari-
able range hopping (VRH) models in the two different sections
of the resistivity data above TMI [44–49]. The SPH model is
applicable when the thermal energy is not enough high to over-
come the deep potential well where electrons are trapped. In
this case, the electron with higher energy is first activated to an
intermediate state. The thermal energy received by any second
phonon helps to hop out that electron from the intermediate
state to its nearest neighbor state easily [28]. According to the
SPH model, the expression for the resistivity is given by the
relation,

ρ = AT exp(EP/kBT), (7)

where A = kB/νphNe2R2C(1 − C)exp(2αR), EP is the activa-
tion energy for the polaronic hopping process of conduction
electrons, kB is the Boltzmann constant, N is the number of
ion sites per unit volume, R is the average inter-site spacing
calculated from the relation R = (1/N)1/3, C is the fraction
of sites occupied by a polaron, α is the electron wave func-
tion decay constant and νph is the optical phonon frequency
having the expression νph = kBθD/h, θD is the Debye tem-
perature [44]. The value of θD/2 can be estimated from the
temperature at which a deviation from the linearity starts in
the ln(ρ/T) vs 1/T plot as shown in the inset of figure 6(a) as
a representative [44, 45]. The values of as calculated νph are
in the (8–10) THz range for both the compounds. Although,
the SGSMO-2 system possesses higher values of νph as com-
pared to the SGSMO-1 compound. The application of the SPH
model in the high temperature resistivity data in the temper-
ature above θD/2 with and without magnetic fields for the
SGSMO-1 and SGSMO-2 compounds have been shown in
figures 6(a) and (b) respectively. From the slope of the ln(ρ/T)
vs 1/T plot curve, we have estimated the values of EP for vari-
ous applied magnetic fields, which are tabulated in table 1 for
both the SGSMO-1 and SGSMO-2 compounds. The value of
EP decreases with the increasing magnetic field values sup-
ports the delocalization of the conduction eg electrons. This
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Table 1. The calculated parameters obtained from the fitting of the SPH and VRH models in the temperature dependence of resistivity data
in the temperature below TMI for both the SGSMO-1 and SGSMO-2 compounds. Here EP is the polaron activation energy obtained from
the slope of the ln(ρ/T) vs T−1 plot; T0, N(EF), Rh and Wh are the characteristic temperature, density of states at the Fermi level, most
probable hopping distance and hopping energy respectively obtained from the fitting of VRH model (equations (8)–(11)) in the respected ρ
vs T data.

(Sm1−yGdy)0.55Sr0.45MnO3 (y = 0.7) (SGSMO-1)

H (kOe)
SPH model VRH model

EP (meV) T0 × 108 (K) N(EF) × 1017 (eV−1cm−3) Rh (Å) 300 K Wh (meV) 300 K

0 147.6 2.48 7.92 86.8 195.0
10 146.2 2.39 8.21 85.9 193.1
30 145.3 1.51 13.05 76.5 171.9
50 139.5 1.04 18.77 69.9 157.1
90 132.8 0.48 40.08 57.5 129.3

(Sm1−yGdy)0.55Sr0.45MnO3 (y = 0.5) (SGSMO-2)

H (kOe)
SPH model VRH model

EP (meV) T0 × 107 (K) N(EF) × 1018 (eV−1cm−3) Rh (Å) 300 K Wh (meV) 300 K

0 118.4 4.37 4.51 56.1 126.2
10 126.1 3.53 5.59 53.2 119.7
30 123.5 2.90 6.81 50.6 113.9
50 120.4 2.68 7.36 49.6 111.7
90 120.5 1.49 13.25 42.9 96.6

delocalization of electrons facilitates the easy hopping of the
electrons to the nearby neighboring states [44, 46, 47]. The
estimated values of θD as obtained from the ln(ρ/T) vs 1/T plots
for both the compounds increase with increasing the strength
of magnetic fields. The value of θD varies from 400 K to 480 K
and 408 K to 512 K for the SGSMO-1 and SGSMO-2 com-
pounds respectively upon application of magnetic fields from
0 kOe to 90 kOe.

We observed that alone the SPH model cannot explain
the conduction mechanism below a certain temperature θD/2.
To explain the conduction process in the low temperature
region (TMI < T < θD/2, except the zero-field resistivity data
of SGSMO-1 compound), the Mott’s VRH model is widely
used in case of the manganite systems. According to the VRH
model, at low temperature region, loosely trapped electrons
(large polaron) cannot directly hop to their nearest neighbors
due to the lack of sufficient thermal energy [28]. With the
phonon assistance, they can easily hop to a small potential dif-
ference site [28]. Due to the variation of hopping range for this
loosely trapped electrons, it is called VRH. In case of the three
dimensional system, the VRH model for resistivity [42, 44, 46]
can be expressed as

ρ = ρ0 exp (T0/T)1/4, (8)

where ρ0 is the residual resistivity and T0 is the characteristic
temperature which can be expressed as

T0 =
24

πN(EF)kBξ3
. (9)

Here N(EF) is the density of states at the Fermi level and ξ
is the localization length [46, 49].

One can also calculate the most probable hopping distance,
Rh(T ) and the hopping energy, Wh(T ) from the T0 for a given
temperature, T by using the following expressions [45, 46]

Rh(T) =
3
8
ξ

(
T0

T

)1/4

(10)

Wh(T) =
1
4

kBT3/4(T0)1/4. (11)

Figures 6(c) and (d) show the ln ρ vs T−1/4 plots along
with the VRH model fitted lines in the respected temperature
regime with H = 0 kOe and H �= 0 kOe for the SGSMO-1
and SGSMO-2 compounds respectively. Due to the merging
of all data points in the high temperature PM region, one can-
not clearly visualize the VRH model fitted lines for various
magnetic fields. We present a representative VRH model fit-
ting in the temperature range of θD/2 < T < TMI in the inset
of figure 6(c). The linear behavior of the VRH model fitted
lines help us to estimate the value of T0 from its slope. Using
this values of T0 in equation (9) for various field values, we
have calculated the density of states at the Fermi level (N(EF))
and the values of N(EF) are presented in table 1 for both the
SGSMO-1 and SGSMO-2 compounds respectively. The value
of T0 decreases with increasing magnetic field for both the
compounds.With increasing magnetic field, the value of N(EF)
increases due to delocalization of charge carriers and they get
sufficient percolation path for the conduction process. By tak-
ing the localization length, ξ = c = lattice parameter of the
unit cell obtained from the XRD data analysis, we have cal-
culated both Rh and Wh at room temperature (T = 300 K)
which are also listed in table 1. The decreasing trend of both
Rh and Wh with increasing the applied magnetic field val-
ues indicates the delocalization of the charge carriers. The as
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Figure 7. Temperature dependence of electrical resistivity at the low-temperature regime with and without magnetic fields for (a) SGSMO-1
and (b) SGSMO-2 compounds respectively. The red solid lines in these plots represent the best fit of experimental data points in the metallic
regime below TMI using equation (13). The inset of figure (b) shows the magnified view of the very low-temperature resistivity data along
with the fitted curves for the SGSMO-2 compound.

Table 2. The extracted best fitting parameters from the low-temperature resistivity data using equation (13) in the
temperature range below TMI for both the SGSMO-1 and SGSMO-2 compounds. For definition of parameters, see the
main text.

(Sm1−yGdy)0.55Sr0.45MnO3 (y = 0.7) (SGSMO-1)

H (kOe) ρ0 (Ω cm) ρ0.5 (Ω cm K−0.5) ρ2 (Ω cm K−2) ρ4.5 (Ω cm K−4.5) ρ5 (Ω cm K−5)

10 5.58 × 105 1.76 × 105 7.15 × 102 -1.62 × 10−1 2.01 × 10−2

30 3.13 × 104 7.43 × 103 1.27 × 101 -7.32 × 10−4 6.91 × 10−5

50 9.45 × 102 2.11 × 102 3.03 × 10−1 -1.27 × 10−5 1.13 × 10−6

90 1.40 × 100 3.37 × 10−1 6.58 × 10−4 -3.53 × 10−8 3.35 × 10−9

(Sm1−yGdy)0.55Sr0.45MnO3 (y = 0.5) (SGSMO-2)

H (kOe) ρ0 (Ω cm) ρ0.5 (Ω cm K−0.5) ρ2 (Ω cm K−2) ρ4.5 (Ω cm K−4.5) ρ5 (Ω cm K−5)

0 173.7 21.2 2.1 × 10−1 -6.13 × 10−5 7.86 × 10−6

10 255.0 48.8 1.3 × 10−1 -1.82 × 10−5 2.15 × 10−6

30 66.1 9.3 2.2 × 10−2 -1.38 × 10−6 1.56 × 10−7

50 32.3 3.3 6.1 × 10−3 -8.86 × 10−8 1.26 × 10−8

90 8.0 0.02 2.4 × 10−4 -6.65 × 10−8 4.89 × 10−9

calculated hopping distance, Rh is found to be higher than the
Mn–O–Mn distance and the hopping energy, Wh is also sat-
isfied the condition Wh � kBT for the acceptance of VRH
model [48, 50]. These observations are consistent with the
earlier reported data in the literature for manganite systems.
The value of N(EF) for SGSMO-1 is one order less than that
for SGSMO-2. As pointed out by Jung et al, higher values of
N(EF) initiates the adiabatic hopping process [51]. In our case,
one order difference in magnitude of N(EF) may be affected
the conduction process for both the compounds. In summary
of the above results, we observe that the application of mag-
netic field decreases the localization length, help to increase
the number of delocalized charge carriers which causing the
enhancement in the value of N(EF).

Therefore, the two models viz SPH and VRH have been uti-
lized to understand the conduction mechanism in the tempera-
ture dependence of resistivity data above the MIT temperature,
TMI.

3.2.2. Low-temperature metallic region. The metallic nature
of the resistivity data in the low temperature region below TMI

is generally governed by the ferromagnetism in case of the
manganite systems. In the present case, we observe a metallic
behavior in the ρ vs T plots below TMI in both the SGSMO-
1 and SGSMO-2 compounds. The difference in the metallic
region between the two compounds is that in SGSMO-1, a
MIT takes place due to the application of magnetic field of
H � 10 kOe, whereas due to the FM ground state of the
SGSMO-2 compound, resistivity decreases with decreasing
temperature in absence of any magnetic field. In this case,
the conductivity is directed by the FM double exchange inter-
action of Mn3+ and Mn4+ ions via O2− ion as proposed by
Zener [52]. The variation of the electrical resistivity at the low
temperature region (T < TMI) can be explained with the help
of temperature-dependent polynomial equation, consists with
various terms associated with the different scattering mech-
anisms [44, 46, 53–56]. One of the mostly used polynomial
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equation to describe the low-temperature resistivity data is
given by the following relation [44, 46, 53]

ρ = ρ0 + ρ2T2 + ρ4.5T4.5. (12)

The first term ρ0 in the above equation is the tempera-
ture independent residual resistivity arises due to the defects,
grain or domain boundary effects, scattering by impurities etc
[44, 46, 49]. Due to the presence of several grain boundaries
in the polycrystalline material, ρ0 plays a vital role in the low-
temperature conduction process. The second term ρ2T2 arises
in the resistivity resulted from the electron–electron scatter-
ing phenomenon [49, 54] and the last term ρ4.5T4.5 is used
to describe the electron-magnon scattering process in the FM
region [44, 49, 55].

We tried to fit the resistivity data with the above equation
in the low temperature limit, but could not get any satisfac-
tory fitted result. A resistivity minimum has been observed in
the low temperature resistivity data of the SGSMO-2 com-
pound. This upturn of resistivity may be explained with
the help of Kondo effect which arises due to the scattering
from a magnetic impurity in a nonmagnetic lattice [56]. This
minima in resistivity should dissolve upon application of mag-
netic field. However, as seen in figure 7(b), magnetic field does
not cause any impact on the resistivity minima, supporting
the absence of Kondo-like scattering in the studied system.
Due to the strongly correlated nature of the manganite com-
pounds, one has to account the electron–electron (e–e) and
electron–phonon (e–ph) interactions. Considering all these
facts in the low-temperature resistivity data, two more terms
have been included in equation (12) for better justification of
the low-temperature polynomial equation of resistivity data.
As a result, the new low-temperature polynomial equation of
resistivity can be written in the following form

ρ = ρ0 − ρ0.5T0.5 + ρ2T2 + ρ4.5T4.5 + ρ5T5, (13)

where the second term ρ0.5T0.5 causes by the e–e Coulom-
bic interaction and the last term ρ5T5 contributes to the resis-
tivity due to the e-ph interaction mechanism [44]. The experi-
mental data is well-fitted by the equation (13) below T < TMI

which is shown in the figures 7(a) and (b) for SGSMO-1 and
SGSMO-2 compounds respectively. The peak value of resistiv-
ity at H = 10 kOe is several order higher than that of the mag-
netic fields higher than 10 kOe for the SGSMO-1 compound
and as a result to get a clear view of the isofield resistivity data
for various magnetic fields, we multiplied the whole resistivity
data with some selected factors as shown in figure 7(a). Sim-
ilarly, the resistivity minima is not clearly visible for all the
isofield resistivity data of the SGSMO-2 compound. There-
fore, to emphasize the resistivity minima, the magnified por-
tion along with the polynomial fittings of the resistivity data at
the low temperature region are shown in the inset of figure 7(b).
The best fitted polynomial parameters are revealed in table 2
for both of the studied systems. After the clear observation in
the fitting parameters for both the compounds, we have noticed
that ρ0 > ρ0.5 > ρ2 > ρ4.5 > ρ5 >, highly recommended the
fact that the grain and domain boundaries play a very impor-
tant character in the low-temperature conduction mechanism.

Figure 8. Comparison of electrical resistivity vs T plots along with
the fitted lines of different models in the respected temperature
regime for SGSMO-1 and SGSMO-2 compounds in presence of
30 kOe magnetic field. The green, orange and pink lines are used to
describe the best fitting of the experimental data points in different
temperature zones with VRH model, SPH model and low
temperature polynomial fit (LT) respectively. The respected fitting
equations are also mentioned in the figure.

It is also evident that the values of the fitting parameters pro-
gressively decreases with increasing the strength of magnetic
fields. The interaction and scattering process between different
entities are going to suppress due to the presence of high mag-
netic field. Among all the mechanisms accounted for the anal-
ysis of low-temperature resistivity data, e-e scattering process
(ρ0.5) is dominated over other interaction/scattering processes.
Regarding this context, we must mention that for SGSMO-
1 compound, low-temperature resistivity data was tried to fit
with equation (12), whereas the best fitting is obtained by using
equation (13).

The observed variation of electrical resistivity with temper-
ature along with the different conduction models are briefly
visualized in figure 8 for both the compounds SGSMO-1
and SGSMO-2 under the application of H = 30 kOe mag-
netic field. The whole temperature range of the resistivity
data is well-explained by SPH model, VRH model and low-
temperature polynomial equation (equation (13)) generated
due to the presence of various interactions and scattering
mechanisms. The SPH model is successfully applied up to
the half of the Debye temperature (θD/2) from room tempera-
ture in case of both the compounds. In between TMI and θD/2,
VRH model is found suitable to explain the conduction mech-
anism. Below TMI, the FM-metallic part is well-understood
with the help of temperature dependence of polynomial fit-
ting of residual resistivity, e–e scattering process, magnon spin
wave scattering process, e–e Coulombic interaction and e–ph
interaction mechanism.

4. Conclusions

To conclude, we have carried out detailed studies on the electri-
cal transport properties of (Sm0.7Gd0.3)0.55Sr0.45MnO3 (glassy
magnetic ground state) and (Sm0.5Gd0.5)0.55Sr0.45MnO3 (fer-
romagnetic ground state) compounds both in presence and
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absence of external magnetic fields. The experimental out-
comes exhibit that the transport properties in both the systems
are markedly influenced by their respective ground states. In
addition to that, we have addressed the low field MR part
by considering the spin polarized transport mechanism. At
high temperature (paramagnetic–insulator) region, electronic
transport mechanism is analyzed by using different suitable
models viz SPH and VRH models. Moreover, our study indi-
cates that the upturn in the low temperature electrical resis-
tivity data is well governed by the several types of interaction
mechanisms.
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