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Abstract. In this study, we have tried to simulate both temperature and magnetic field dependence of electrical

resistivity for polycrystalline La0.75Ho0.05Sr0.2MnO3. The studied sample was elaborated by sol–gel method. The energy-

dispersive X-ray confirms the presence of Ho element. The temperature dependence of resistivity in the whole temper-

ature range (100–300 K) was successfully fitted by phenomenological percolation model, testifying the percolative nature

of the electrical transition. The evolution of the volume fraction of the ferromagnetic phase is in agreement with the

magnetic properties. The magnetic field dependence of resistivity follows the recently established universal behaviour of

resistivity, which may confirm the validity of this model.
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1. Introduction

The Ln1–xAxMnO3 manganites (Ln is a rare-earth ion and A

is divalent alkaline earth ion) demonstrate a great variety of

fascinating properties, such as magnetoresistance (MR) and

magnetocaloric effect, generally observed near the param-

agnetic–ferromagnetic transition [1–4]. Several parameters

may affect such transitions, such as the Mn3?/Mn4? ratio,

the average ionic radius of the A-site \rA[, the ionic size

mismatch between the various A-site ions r2, the sub-

stituent nature and the sintering temperature [4–11]. The

ferromagnetic behaviour can be interpreted by the double-

exchange interactions between Mn3? and Mn4? ions via

oxygen ions O2–. Colossal MR in manganites can be

ascribed to the phase separation phenomenon [3,12,13] and

the percolative nature of the paramagnetic–ferromagnetic

transition [14]. In order to explain the occurrence of resis-

tivity maximum (metal–insulator transition), percolation

model was proposed, based on magnetic phase separation

mechanism [15]. This model suggests that the magnetic

specimens are composed of ferromagnetic and paramag-

netic phases coexisting together and that electrical resis-

tivity values at any temperature are determined by the

modification of the volume fractions of both coexisting

phases.

Holmium-based manganites are very interesting to study

[7,11,16–19]. Previous studies have been carried out on the

La0.75Ho0.05Sr0.2MnO3 sample [16,17]. The magnetic study

has revealed that our sample shows a ferromagnetic–

paramagnetic transition near room temperature. The

theoretical study has indicated the presence of short-range

ferromagnetic interactions in this sample, corresponding to

3D-Ising model [17]. When studying the La0.75Ln0.05Sr0.2

MnO3 system (with Ln = La, Sm, Eu, Gd, Dy and Ho), the

Ho-based compound has demonstrated peculiar features (a

relatively high Curie temperature value (near room tem-

perature) and a considerable magnetocaloric effect for an

important mismatch effect), which were attributed to the

intrinsic contribution of Ho ions [16]. In this study, we have

tried to investigate the magnetotransport properties of

La0.75Ho0.05Sr0.2MnO3 sample by using the phenomeno-

logical percolation model.

2. Experimental

La0.75Ho0.05Sr0.2MnO3 compound was elaborated by

sol–gel method by high-purity La2O3, Ho2O3, SrCO3 and

MnO3. The synthesis procedure was previously detailed

elsewhere [16]. X-ray powder diffraction was used for

structural investigations at room temperature (Cu-Ka radi-

ation source, k = 1.5406 Å) in the 2h range of 20�–80�. Our

sample has been analysed by energy-dispersive X-ray

analysis by analysing near-surface elements to estimate the

elemental proportion at different positions. The temperature

dependence of magnetization under 500 Oe applied mag-

netic field was carried out by using a vibrating sample

magnetometer in the temperature range 5–330 K.
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Resistivity measurements were carried out in the

temperature rang 100–300 K under magnetic field values up

to 2T using the standard four-probe method.

3. Results and discussion

The refinement of X-ray powder diffraction measurement of

our studied sample is shown in figure 1. It is clear from the

analysis that our sample is single phase with no

detectable impurities and crystallizes in the orthorhombic

structure with Pnma space group (N� 62). The unit cell

parameters are a = 5.4762(2) Å, b = 7.7659(4) Å and c =

5.5213(2) Å with a unit cell volume equal to 234.8078 Å3

[16]. Figure 2 shows the energy-dispersive X-ray of our

studied compound. Energy-dispersive X-ray study confirms

the existence of all elements in our sample and the absence

of other elements. The atomic ratio of Ho element is 0.81%

± 0.04%. This value is very close to the theoretical one

(1%), indicating the presence of Ho element and testifying

the quality of our sample. In order to study the magnetic

behaviour of our specimen, we have represented in figure 3

the temperature dependence of magnetization under 500 Oe

applied magnetic field using field cooled (FC) and zero field

cooled (ZFC) protocols. It can be seen that our sample

exhibits a magnetic transition from ferromagnetic to para-

magnetic state with increasing temperature at TC = 307 K,

corresponding to the minimum of dMFC/dT as observed in

the inset of figure 3. The TC value suggests possible tech-

nological application at room temperature, like magnetic

refrigeration, magnetic field sensing, bolometers and spin-

tronics. The difference between FC and ZFC curves at low

temperature may suggest the presence of a glassy state at

low temperature. Further investigations are required in

order to confirm the presence of such state.

The temperature dependence of resistivity for

La0.75Ho0.05Sr0.2MnO3 sample under 0T, 1T and 2T

magnetic fields is shown in figure 4. The sample exhibits a

metal–insulator transition under 0T field around the transi-

tion temperature Tq = 201 K. Tq increases with increase in

the applied magnetic field, due to enhancement of ferro-

magnetic interactions (double exchange mechanism). The

TC value is much higher than Tq, which means that some

ferromagnetic domains may have an insulating behaviour

above Tq. In order to understand the electrical behaviour in

the ferromagnetic metallic phase (T \ Tq), the electrical

resistivity was fitted by Zener polynomial law given by

[10]:

qFM ¼ q0 þ q2T
2; ð1Þ

where q0 is the residual resistivity (temperature independent

processes [20,21]) and q2T
2 is limited to electron–electron

scattering mechanism [22]. The fitting of experimental

resistivity in the metallic phase by using relation (1) is

shown in figure 4. Thus, the conduction mechanism below

Tq is essentially based on the contribution of electron–

electron interactions. The temperature dependence of

resistivity data above Tq for the studied sample has been

analysed using small polaron hopping (SPH) model,

described by the following relation [23]:

qPM ¼ ATexp
Ea

kBT

� �
; ð2Þ

where A is a constant, Ea the hopping energy and kB the

Boltzmann constant. The dashed lines in figure 4 confirm

the validity of the chosen model. In order to describe the

evolution of resistivity in the studied temperature range

(especially in the vicinity Tq), we have used the phe-

nomenological percolation model, which is based on mag-

netic phase segregation phenomenon. This model is based

on the fact that the magnetic material contains a mixture of

paramagnetic and ferromagnetic domains. According to

this, the resistivity data can be analysed by the following

relation [14]:

q ¼ qFMf þ qPM 1 � fð Þ; ð3Þ

where f and (1–f) are the volume fractions of ferromagnetic

and paramagnetic regions, respectively. The volume frac-

tion of the ferromagnetic phase satisfies the Boltzmann

distribution, which can be written as:

f ¼ 1

1 þ exp DU
kBT

� � ; ð4Þ

where DU is the energy difference per unit cell between

ferromagnetic metallic and paramagnetic insulating states.

Since DU is temperature dependent, it can be developed to

the first order as following [14]:

DU ¼ �U0 1 � T

Tmod
C

� �
; ð5ÞFigure 1. Reitveld fitted X-ray powder diffraction pattern of

La0.75Ho0.05Sr0.2MnO3 sample.
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According to this expression, Tmod
C is a characteristic

temperature referring to the percolation threshold (f = 1–f =

0.5 at T =Tmod
C ). By considering relations (1), (2) and (3),

the percolation model for our sample can be described by:

q ¼ f q0 þ q2T
2 � ATexp

Ea

kBT

� �� �
þ ATexp

Ea

kBT

� �

ð6Þ

By replacing f by its expression using relations (4) and

(5), relation (6) can be finally written as:

q ¼
q0 þ q2T

2 � ATexp Ea

kBT

� �� �

1 þ exp �U0

kB

1
T � 1

Tmod
C

� �h i þ ATexp
Ea

kBT

� �
ð7Þ

Relation (7) was used to fit all the resistivity data in the

whole temperature range 100–300 K for the different values

of the applied magnetic field (0, 1 and 2T) and the fitted

curves are shown in figure 5. It is worth mentioning that

percolation model (relation (7)) is suitable to describe

resistivity in the whole temperature range for our sample,

Figure 2. Energy-dispersive X-ray of La0.75Ho0.05Sr0.2MnO3 sample.
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Figure 3. Temperature dependence of magnetization under an

applied magnetic field of 0.05T of La0.75Ho0.05Sr0.2MnO3 sample.

The inset shows the temperature dependence of dMFC/dT.

Figure 4. Temperature dependence of electrical resistivity for

several values of applied magnetic field for La0.75Ho0.05Sr0.2MnO3

sample. Solid lines correspond to the fitting in the metallic phase

and dashed lines correspond to the fitting in insulating phase.
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which is confirmed by the perfect match between theoretical

and experimental curves (figure 5). The fitting parameters

are summarized in table 1. From the fitting results, one can

notice that changing the applied magnetic field value

slightly affects the evolution of all the parameters. In fact,

when the applied field increases, the residual resistivity q0

and the electron–electron scattering coefficient q2 decrease,

indicating an amelioration of conductivity by the enhance-

ment of the double exchange mechanism. Besides, we can

observe a decrease of energy difference U0 accompanied by

an increase of Tmod
C with increase in the applied magnetic

field. This fact is attributed to the enhancement of metal-

licity inside our compound. The decrease of Ea values

indicates that electron hopping requires less energy due to

the magnetic field, induced delocalization of charge

carriers.

We have plotted on figure 6 the variation of the

volume fraction of the ferromagnetic phase f, as a

function of the temperature for our sample under 0, 1

and 2T fields. It is clear that f(T) is equal to 1 below Tq,

which confirms the strong dominance of the ferromag-

netic metallic domains in this range. With increasing

temperature up to TC, f values are highly reduced due to

the weakening of ferromagnetism. The important dif-

ference between TC and Tq can be explained by perco-

lation theory. In the temperature range [Tq, TC], f values

decrease, which may generate some magnetic disorder

that can explain the insulating behaviour. Previous

studies have also shown the validity of percolation

theory for other manganites [10,24–27].

Figure 7 shows the temperature dependence of MR under

1T and 2T fields for our sample. MR values has been cal-

culated using the equation:

MR %ð Þ ¼ q Hð Þ � q 0ð Þ
q 0ð Þ � 100; ð8Þ
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Figure 5. Temperature dependence of electrical resistivity for

several values of applied magnetic field for La0.75Ho0.05Sr0.2MnO3

sample. The red curves represent the fitting using relation (7).

Figure 6. Temperature dependence of the volume fraction of the

ferromagnetic phase for several values of applied magnetic field

for La0.75Ho0.05Sr0.2MnO3 sample.

Table 1. Fitting results according to percolation model for

La0.75Ho0.05Sr0.2MnO3 sample.

l0H (T) 0 1 2

q0 (X cm) 0.68 0.66 0.62

q2 (10–5 X cm K–2) 0.5 0.3 0.1

A (10–6 X cm K–1) 2.53 2.61 2.80

Ea/kB (K) 2166 2164 2151

U0/kB (K) 2266 2245 2230

Tmod
C Kð Þ 257.8 259.6 261.6

Tq (K) 201 206 207
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Figure 7. Temperature dependence of magnetoresistance under

several values of applied magnetic field for La0.75Ho0.05Sr0.2MnO3

sample.
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where q(H) and q(0) are the resistivity, values under applied

magnetic field H and in zero applied magnetic field,

respectively. We can notice from figure 7, that our

compound shows large MR values at a low temperature,

which decrease with increase in temperature (under 2T

field, – MR * 21% at 100 K and – MR * 5% at room

temperature), indicating that MR effect can be ascribed to

spin polarized tunneling phenomenon.

We have presented in figure 8 the evolution of resistivity

vs. applied magnetic field at different temperature values

for our specimen. The highest resistivity values were

recorded at Tq. In addition, resistivity decreases with the

increase in magnetic field from 0T to 1T for our sample,

indicating a field-induced suppression in scattering

mechanisms at grain boundaries. By using the data of

figure 8 and relation (8), we have plotted in figure 9 the

evolution of negative MR as a function of magnetic field

for different temperature values. – MR(H) increases with

applied field and decreases with increase in the tempera-

ture. We have recorded at 5 K around 29% of negative MR

under 1T applied field.

Recently, a new model has been proposed to describe the

magnetic field dependence of MR, which seems to be

controlled by a universal law given by the following rela-

tion [28]:

�MR l0Hð Þ ¼ K � Hp

Hp
L þ Hp

þ 100 � Kð Þ � Hq

Hq
H þ Hq

; ð9Þ

where K is the amplitude of low-field MR (LFMR), l0HL

and l0HH are critical field values linked to LFMR and high-

field MR (HFMR), respectively, and p and q are critical

exponents characterizing LFMR and HFMR, respectively.

l0HL is the critical field required to achieve 50% of nega-

tive LFMR (LFMR = K/2 for H = HL) and l0HL is the

critical field required to achieve 50% of negative HFMR

(HFMR = (100 – K)/2 for H = HH). Figure 9 shows the fitted

curves and the fitting results are summarized in table 2.

From this table, we can notice that all the adjusted R2-

values (R2Þ are very close to 1, which confirm the fitting

quality. We can also note that the LFMR amplitude K

decreases with increase in the temperature and reaches zero

at 300 K. According to the proposed model, K should be

equal to 0 for T C Tq [28]. However, K = 0 in the case of

MR isotherms recorded at 200 and 250 K, which can be

ascribed to the presence of ferromagnetism at these tem-

perature values [10,28].

Figure 8. Magnetic field dependence of electrical resistivity

recorded under several values of temperature for La0.75Ho0.05-

Sr0.2MnO3 sample.
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Figure 9. Magnetic field dependence of isothermal magnetore-

sistance for La0.75Ho0.05Sr0.2MnO3 sample. The red curves repre-

sent the fitting using relation (9).

Table 2. Fitting parameters of the magnetic field dependence of MR using relation (8) for La0.75Ho0.05Sr0.2MnO3 sample.

Tq (K) T (K) K (%) l0HL (T) l0HH (T) p q R2

201 5 22.08 0.010 10.75 2.87 0.57 0.999

80 13.39 0.012 14.17 2.47 0.53 0.999

150 6.18 0.003 13.37 2.91 0.68 0.999

200 5.42 0.015 25.06 1.98 1.93 0.999

250 1.31 0.002 27.45 2.44 1.66 0.999

300 0.00 — 36.07 — 1.18 0.999
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4. Conclusion

In this communication, we have investigated the magneto-

transport properties in polycrystalline La0.75Ho0.05Sr0.2-

MnO3 prepared by sol–gel method. The magnetic study

shows a paramagnetic–ferromagnetic transition near room

temperature. The electrical resistivity in the entire temper-

ature region (100–300K) has been fitted with the percola-

tion theory. The perfect match between experimental and

theoretical results confirms the percolative nature of the

metal–insulator transition.
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