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Abstract The physical properties of the La0.6Y0.1Ca0.3MnO3

compound have been investigated, focusing on the magneto-

resistance phenomenon studied by both dc and ac electrical

transport measurements. X-ray diffraction and scanning

electron microscopy analysis of ceramic samples prepared

by the sol–gel method revealed that specimens are single

phase and have average grain size of ~0.5 lm. Magnetiza-

tion and 4-probe dc electrical resistivity q(T,H) experiments

showed that a ferromagnetic transition at TC ~ 170 K is

closely related to a metal-insulator (MI) transition occurring

at essentially the same temperature TMI. The magnetoresis-

tance effect was found to be more pronounced at low applied

fields (H £ 2.5 T) and temperatures close to the MI transi-

tion. The ac electrical transport was investigated by imped-

ance spectroscopy Z(f,T,H) under applied magnetic field H

up to 1 T. The Z(f,T,H) data exhibited two well-defined

relaxation processes that exhibit different behaviors

depending on the temperature and applied magnetic field.

Pronounced effects were observed close to TC and were

associated with the coexistence of clusters with different

electronic and magnetic properties. In addition, the appre-

ciable decrease of the electrical permittivity e¢(T,H) is con-

sistent with changes in the concentration of eg mobile holes, a

feature much more pronounced close to TC.

Introduction

Mixed-valence manganites with the RMnO3 perovskite

structure have attracted a great deal of interest due to their

intriguing properties such as metal-insulator transition (MI)

and colossal magnetoresistance (CMR) [1]. These phe-

nomena arise from the intrinsically inhomogeneous states

of CMR manganites and the strong interplay between

magnetic, electronic, and structural degrees of freedom [2,

3]. In these perovskites, the competition between different

ordering tendencies leads to changes in their properties

upon the application of relatively small perturbations [2].

Recent studies have indicated that the properties of these

materials are related to intrinsic inhomogeneities due to

disorder caused by the chemical-doping process [4–6].

Such an intrinsic disorder would induce spatially separated

phases with different electronic and magnetic properties

appearing far above the ferromagnetic transition tempera-

ture TC [4]. The level of disorder is the key variable

defining the length scale of each phase and the metal-

insulator transition is treated in a percolative framework

where the conduction through metallic or insulating phases

alternatively dominates the transport properties below and

above the metal-insulating transition temperature, TMI,

respectively. Magnetoresistive properties in these systems

are also explained as the result of altering the initial

equilibrium between phases, the applied magnetic field

favoring and enlarging the FM and metallic domains at the

expense of the insulating ones [4].

Therefore, the understanding of the transport properties

of manganites has been associated with two important

mechanisms. The first one is termed intergranular magne-

toresistance (IMR), and its signature is a large drop of

the electrical resistivity at relatively low applied magnetic

fields in polycrystalline samples, a feature absent in
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single-crystal specimens [7, 8]. The second one is the phase

separation (PS) scenario, in which a magnetic separation of

phases with different spin dynamics has been theoretically

predicted and experimentally observed [3, 6, 9]. The

emerging CMR picture is based on nanoscale clusters of

competing phases, and at present, the existence of mixed-

phase in the CMR regime is widely accepted [2, 6]. With

increasing magnetic field, the ferromagnetic (FM) clusters

with metallic characteristics rapidly align their moments,

leading to a percolative insulator-metal (MI) transition [3].

Thus, the CMR effect is understood as the competition

between the FM and insulator antiferromagnetic (AFI) and

paramagnetic (PM) phases controlled by both temperature

and applied magnetic field.

The physical properties of these manganites are very

sensitive to the relative concentration of Mn3+ and Mn4+ in

the octahedral sites, and the proportion of these two cations

is usually changed by a partial substitution of the trivalent

R ion by divalent cations, i.e., adding mobile eg carriers to

the system. Within this context, the La1–xCaxMnO3 phase

diagram has been previously reported [10]. In the x range

0.2 £ x £ 0.5, these compounds exhibit both FM ordering

and metallic conductivity owing to the double exchange

DE interaction between Mn3+–Mn4+ pairs. On the

other hand, the influence of La3+ substitution by Y3+ on

La1–xCaxMnO3 has already been reported [11, 12]. The

main effect of such a substitution is the local modification

of the Mn–O–Mn bond angle due to the smaller ionic

radius of Y3+, resulting in an increased disorder [4]. The

distortion of this bond angle disrupts the long range order

of the FM of the pristine compound La0,7Ca0,3MnO3,

which occurs at TC ~ 250 K, and changes the carrier

mobility increasing the electrical resistivity, with little

effect on the carrier (hole) concentration. A decrease of the

FM and metal-insulator MI transition temperatures, TC and

TMI, respectively, with increasing Y3+ is also observed and

the colossal magnetoresistance CMR effect is largely

enhanced, a feature probably related to the increased spin

frustration with increasing Y3+ concentration. In addition,

this chemical substitution gives rise to a clustered state well

above TC, where metallic and insulating phases coexist in a

wide temperature range [4].

The ac transport of the phase-separated manganites has

already been studied [13–17]. The reported results revealed

that the electrical conductivity and the CMR effect are

frequency dependent and indicated the percolative nature

of the MI transition. In addition to this, impedance spec-

troscopy Z(f,T) measurements revealed two relaxation

processes in the frequency domain [18–20]. The Z(f,T) is

widely used for electrical characterization of materials and

is a powerful technique for separating contributions to the

electrical resistivity due to grains (bulk) and to internal

surfaces such as grain boundaries and extra phases [21, 22].

The analysis of the Z(f,T) measurements in manganites

indicated that the observed relaxation processes are related

to the coexistence of clusters with different spins dynamics,

essentially FM and AFI/PM phases [18, 19].

In this paper, we describe the results of a systematic

investigation on the magnetotransport properties of

high-quality La0.6Y0.1Ca0.3MnO3 samples prepared by the

sol–gel technique. The combined results of both dc and

ac magnetoresistivity of Y substituted La0.7Ca0.3MnO3

compound indicated that frequency-dependent transport

experiments, such as impedance spectroscopy, under

applied magnetic field can be useful for investigating the

transport properties of these phase separated manganites.

Experimental

Polycrystalline samples of La0.6Y0.1Ca0.3MnO3 were pre-

pared by the sol–gel method. Further details of the prepa-

ration method are described elsewhere [4, 23]. The phase

characterization of ground specimens was performed by

X-ray diffraction (XRD) analysis at room temperature

using Cu Ka radiation in the 2h range 20–80�, with 0.02�
(2h) step size, and 10 s counting time. The samples pre-

pared by the sol–gel method were found to be single phase,

as revealed in the XRD pattern. The XRD data (not shown)

were refined using the Rietveld method and all the

observed diffraction peaks were indexed as belonging to

the La0.6Y0.1Ca0.3MnO3 compound, space group Pnma

[19]. The refined cell parameters are a = 5.4502 (5) Å,

b = 7.6917 (3) Å, and c = 5.4511 (4) Å, in agreement with

previously reported values [24].

The microstructure of the fractured surfaces of the

ceramics samples was observed in a scanning electron

microscope (SEM). The analyses of representative SEM

images (not shown) indicate that the samples have a

homogenous grain size distribution and are comprised of

grains with average size dg ~ 0.5 lm [19, 20]. The mag-

netic properties were studied by dc magnetization M(T)

measurements in the 5–300 K temperature range with ap-

plied magnetic field H = 1 kOe in both the zero-field

cooled (ZFC) and field-cooled (FC) modes using a SQUID

magnetometer. The dc electrical resistivity q(T,H) was

measured by the 4-probe technique using a LR-700 resis-

tance bridge in applied magnetic fields H up to 5 T in the

temperature range 5–300 K. The q(T,H) measurements

were performed by using both the magnetic field and

temperature controls of the SQUID magnetometer. The

impedance spectroscopy Z(f,T,H) measurements were

taken during warming from 77 K up to the room temper-

ature using an Agilent 4294 impedance analyzer in the

frequency (f) range 100 Hz–30 MHz with applied signal

amplitude 20 mV and H up to 1 T. To vary the temperature
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during the ac measurements, a quartz dewar filled with

liquid nitrogen was used to insert a copper sample holder,

the temperature was raised continuously, and monitored by

a cernox thermometer. The dewar was placed between the

poles of a water-cooled electromagnet which can generate

magnetic fields up to ~1 T, as inferred from a calibrated

Hall sensor. All transport measurements were performed

using Ag paste contact pads and Cu leads.

Results and discussion

The combined results of both XRD and SEM analysis

suggested that the samples prepared by the sol–gel method

were single-phase and have a homogenous microstructure

[19, 20]. Thus, let us now concentrate on the electrical and

magnetic properties of the studied compound. The tem-

perature dependence of the magnetic susceptibility v(T),

taken in ZFC and FC modes, are shown on the left inset of

Fig. 1. The v(T) curves exhibit a paramagnetic PM to

ferromagnetic FM phase transition occurring at

TC ~ 170 K, defined here as the inflection point in the v(T)

curve. The v(T) data were found to be essentially temper-

ature independent below 100 K and no significant thermal

irreversibility between the ZFC and FC curves has been

observed.

The magnetic features observed have their counterpart

in the dc electrical resistivity curves shown in Fig. 1. The

temperature dependence of the q(T,H = 0), reveals a MI

transition at TMI ~ 175 K, a temperature closely related to

the FM transition (see left inset in Fig. 1). Increasing H

results in the CMR effect, defined as a pronounced

decrease of the q(T) with H. In addition to this, TMI is

found to increase with increasing H, and reaches values

close to TMI ~ 195 K for H = 5 T. A large decrease

(~70%) of the q(T) is also observed for H up to ~2.5 T (see

right inset of Fig. 1), which is associated with the negative

CMR at low fields and frequently referred to intergranular

magnetoresistance (IMR) [7]. Increasing H results in a

further decrease of q(T), however, for fields H > 2.5 T the

q(T,H) is significantly less magnetic field dependent. These

features are observed at temperatures up to TMI ~ 175 K,

where the most pronounceable CMR effect (~80%) is

reached at H = 5 T. At higher temperatures (T » TMI), the

decrease in q(T) with H is less significant and has been

attributed to the suppression of spin fluctuations [7].

The ac electrical properties of the La0.6Y0.1Ca0.3MnO3

compound were also investigated by impedance spectros-

copy measurements Z(f,T,H), as shown in Fig. 2(a) and (b).

Typical impedance data measured at different temperatures

and for both H = 0 and 1 T are shown in the Fig. 2. The

Z(f,T,H) data reveal two well-defined relaxation processes

occurring at different frequency ranges: a high frequency

(HF) one and another at lower frequencies (LF) [18, 19]. At

high frequencies (f > 107 Hz), the HF component exhibits a

parasite inductive (L) contribution, a feature related to the

experimental set up. However, the L contribution has been

estimated by using an equivalent circuit model, which was

used for modeling the experimental diagrams. Such an

equivalent circuit is constructed by the series association of

two parallel resistor and capacitor elements, connected in

series with the parasite L contribution [19]. The estimated

value of L ~ 2.5 · 10–6 H was found to be temperature

independent and the parasite contribution has been sub-

tracted from the Z(f,T,H) data. In addition, Z(f,T) mea-

surements with different applied amplitudes were carried

out in order to assure that the two observed relaxations are

due to the materials properties. These results (not shown)

revealed that both HF and LF semicircles have an ohmic

behavior and no appreciable changes of both components

were observed in a large range of applied voltages. In

addition, Z(f,T,H) data of different samples have been

measured indicating a good reproducibility of the experi-

mental results. These combined experimental results indi-

cate that both semicircles displayed in the Z(f,T,H) data are

indeed related to material properties and that at least two

different transport processes take place in the frequency

and temperature ranges studied.

Using the equivalent circuit model, the electrical resis-

tance (R), capacitance (C), and the relaxation frequency

f0 = (2pRC)–1 associated with both the HF and the LF

Fig. 1 Temperature dependence of the electrical resistivity of the

La0.6Y0.1Ca0.3MnO3 compound measured under applied magnetic

fields H = 0, 0.5, 1.5, 3, and 5 T. The right inset displays the ratio

q(H)/q(H = 0) as a function of the applied magnetic field at several

temperatures T = 10, 150, 170, 190, and 280 K. The left inset shows

the magnetization dependence on the temperature, measured in field

cooled (FC) and zero-field cooled (ZFC) modes under an applied

magnetic field of 1 kOe
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semicircles were computed. The electrical resistivity

associated with both the HF (rHF) and LF (rLF) components

rHF,LF = k RHF,LF was calculated using the geometrical

factor k = S/l (where S is the cross section area of the

sample and l is the distance between voltage leads); the

total electrical resistivity rT is defined as the sum rHF + rLF.

The temperature dependence of the HF, LF, and total

components of the electrical resistivity for H = 0 e 1 T are

shown in Fig. 3. These components display a MI transition

at TMI ~ 175 K for H = 0 T, a feature similar to the cor-

responding dc data displayed in Fig. 1. For H = 1 T, both

the rHF and the rLF components decrease appreciably. The

temperature dependence of the percent magnetoresistance,

defined here as MR(%) = 100[(r(H = 1T)–r(H = 0))/

r(H = 0)], for the different components is shown in Fig. 4.

For temperatures below the MI transition, T < TMI, the

negative magnetoresistance is mainly governed by the de-

crease of the rLF component (~15%) with applied H. The

CMR effect related to the HF component exhibits a less

pronounced contribution (~10%). The magnitude of the

applied H used in the Z(f,T,H) experiments is within the

range where appreciable intergranular magnetoresistance

(IMR) is usually seen H < 2.5 T, as observed in the dc data

of Fig. 1 [7]. This result is relevant for the discussion

involving CMR effects in manganites and indicates that:

(a) the measured MR(%) at H = 1 T can be related to the

rotation of magnetic domains (or clusters) and to finite size

effects due to an increase of the FM cluster size; and (2)

such an effect is mainly governed by the relaxation process

which exhibits a more pronounced MR(%), i.e., that

occurring at low frequencies (LF). In fact, the LF relaxation

process observed in Z(f,T) measurements is usually ascribed

Fig. 2 Impedance spectroscopy data of the La0.6Y0.1Ca0.3MnO3

measured at T = 160, 175, and 190 K for H = 0 (open symbols)

and 1 T (half-full symbols). The fitted HF and LF semicircles for

T = 175 K are also presented. Both the complex plane diagrams (a)

and the frequency dependence of the real and the imaginary parts of

the impedance (b) are shown

Fig. 3 Temperature dependence of the electrical resistivity deter-

mined after the Z(f,T) diagrams of the La0.6Y0.1Ca0.3MnO3 sample for

H = 0 and 1 T. rHF corresponds to the electrical resistivity related to

the high frequency component, rLF to the low frequency one, rT is

defined as rHF + rLF, and qLF is the specific resistivity of the low

frequency component

Fig. 4 Temperature dependence of the percent magnetoresistance

MR(%) for the HF, LF, total, and specific resistivity components
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to transport processes taking place at the internal surfaces of

the material, such as the intergrain ones [21, 22], suggesting

that the observed MR(%) can also be related to the IMR

effect. Increasing the temperature from 120 K results in a

maximum value of MR(%) ~ 30% close to TMI. Further

increase in T results in a decrease of MR(%) and, for

T ‡ TMI, contributions to the magnetoresistance and related

to both HF and LF components are indiscernible.

In addition to the electrical resistivity, the capacitive

components associated with both the HF and LF relaxations

were calculated. The obtained values were found to be

weakly temperature dependent, and at temperatures

close to TMI they are CHF ~ 7.0 · 10–13 F/cm and

CLF ~ 1.2 · 10–11 F/cm. In fact, the CHF, LF values are

within the range for the capacitance associated with bulk

and grain boundary (or an interface layer) contributions,

respectively [25]. However, the experimental results reveal

that a direct correspondence between the electrical resis-

tance components (HF and LF) and the FM and AFI/PM

phases is difficult. As far as this point is concerned,

previously reported Z(f,T) results in La0.6Y0.1Ca0.3MnO3

and La0.3Pr0.4Ca0.3MnO3 compounds also revealed two

components in the frequency domain, which were related to

the coexistence of clusters of phases with different transport

and magnetic properties [18, 19]. In La0.6Y0.1Ca0.3MnO3

compounds, these clusters were found to coexist in a large

temperature range, including a temperature range far above

TC [4]. In addition to this, the LF component was associated

with relaxation processes of charge carriers at the interfaces

of the AFI/PM and FM clusters, or even to domain walls

belonging to clusters of the FM phase [18, 19].

In order to shed some light on the nature of the two

observed relaxations in the Z(f,T,H) diagrams the so-called

brick layer (BL) model has been applied to the experi-

mental results [26]. By assuming that the LF component is

related to a relaxation process at interfaces of the material

and using the BL model, the thickness dLF, and the specific

resistivity of a typical interface layer qLF can be estimated.

The basic assumption of the model is that the microstruc-

ture of a given polycrystalline specimen can be represented

by a discrete arrangement of cubic regions (representing

physical grains with average size dg) separated by flat

boundaries, with both regions having the same dielectric

constant [26]. Accordingly, the effective thickness of the

interface dLF can be calculated from dLF = dg CHF/CLF, and

the specific resistivity of the interface is qLF = (RLFCLF/

RHFCHF) rHF [27]. The calculated dLF values ~0.030 lm

and ~0.035 lm for H = 0 and 1 T, respectively, are smaller

than the average grain size determined by SEM analysis

(~0.5 lm), and indicate that the application of a magnetic

field results in an increase of the effective thickness of the

interface. On the other hand, the calculated qLF is one order

of magnitude higher than rHF and exhibits the largest

MR(%) effect close to TMI, as shown in Figs. 3 and 4.

Thus, by modeling our polycrystalline samples via the BL

model, the application of magnetic fields close to TMI

results in an increase of the thickness of the interface layer.

Such an increase of the thickness of the interface layer is

accompanied by a significant decrease of the specific

resistivity qLF, suggesting that the assumed interfacial layer

between grains (or clusters) exhibits features of the FM

metallic phase. Based on these estimates, one is able to

infer that increasing applied magnetic field results in an

increase of the volume fraction (VF) of the FM phase

within the material. Such an increase of VF of the FM

phases is of interest and consistent with the phase-separa-

tion scenario for manganites in which the application of a

magnetic field favors the FM and metallic phase mostly

close to TMI [28].

The discussion made above is suitable for the under-

standing of the general physical properties of the disor-

dered manganite La0.6Y0.1Ca0.3MnO3 studied here. This

compound is believed to be comprised of clusters of both

FM and AFI/PM phases which coexist in a wide temper-

ature range and have their sizes and VF controlled by

changes in both T and H [4, 29]. Within this context, it is

more likely that both HF and LF components of the

impedance diagrams contain convoluted contributions

arising from the different transport processes within grains

(or clusters) and through the different interfaces, respec-

tively. However, it is important to point out that the

experimental results and the application of the BL model

suggest that the LF relaxation process encloses the con-

tribution arising from the FM phase/interfaces.

In order to further investigate the role of the applied H on

the electrical properties of this manganite, the impedance

data was transformed into dielectric permittivity using the

relation: e = 1/(Z j x C0) = e¢ + j e¢¢, where j is the imagi-

nary unit, x = 2pf is the angular frequency, and C0 is the

capacitance of the free space. The permittivity is considered

as an important parameter for models of phase separation

involving the segregation of doped charge carriers on a

mesoscopic scale [30, 31]. Although relatively scarce, an

increasingly number of studies regarding the dielectric

behavior of manganites has been recently reported, mostly

concerning the charge-ordered (Ca, Sr)-doped PrMnO3

systems [32–34]. The obtained values of the real part of the

dielectric permittivity (e¢) as a function of temperature and

frequency for both H = 0 and 1 T are displayed in Fig. 5.

Values of e¢, roughly ranging from 20 to 100, are within the

usually reported range for perovskites and large, or some-

times referred to as colossal values of e¢ (>103), have not

been observed in the present investigation [30–35]. Such a

feature adds further evidence to the intrinsic nature of the

measured low frequency (LF) relaxation process (see

Fig. 2) since colossal e¢ values have been frequently
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ascribed to Schottky effects at the electrode contact [35],

except for the so-called multiferroic materials [36].

Let us first consider the temperature dependence of e¢
displayed in Fig. 5(a) for some selected frequencies. Two

important features are observed in Fig. 5(a): (i) an anomaly

of the e¢, seen as a minimum close to TMI, that shifts to

slightly higher temperatures with increasing f, in agreement

with the Z(f,T,H) data; and (ii) increasing f decreases e¢,
resulting in a more pronounced minimum at T ~ TMI. The

data indicate values of e¢ ~ 80 and that these values are

essentially independent of temperature, applied magnetic

field, and frequency at T « TMI. Such a constant value of e¢
at low T follows the same trend as q(T « TMI) data, and is

probably associated with the small VF variation of the FM

metallic phase once the percolative transition has been

attained at much higher temperature T ~ TMI. On the other

hand, close to the MI transition, the pronounced variation

of e¢ reflects the coexistence of the different phases.

Approaching the MI transition from high temperatures, the

large increase of q(T) evidences that the localized charge

carriers of the insulating clusters have a larger VF than the

metallic ones (delocalized charge carriers). In fact, FM and

AFI fluctuations are believed to occur close to the TMI, and

the AFI phase dominates the charge transport acting as

traps of the eg mobile holes as the VF of the FM phase is

below the percolation threshold. Such an effect is enhanced

by the partial substitution of Y for La in La0.7Ca0.3MnO3

compounds, which weakens the double-exchange mecha-

nisms, and favors the antiferromagnetic super-exchange

interaction. As the ac electric field probes the hopping

of holes between clusters and also the charge carrier

concentration discontinuity across the domain walls, the

decrease of e¢ close to MI is probably related to the

decreased number of mobile charge carriers across

the metal-insulator transition. Setting H = 1 T results in

an increase of the VF fraction of the FM clusters (mobile

holes) and a less pronounced decrease of e¢ close to TMI, a

behavior that is more evident at higher frequencies.

The discussed features are reflected in the data shown in

Fig. 5(b), where the frequency dependence of e for some

selected temperatures is displayed. It is possible to identify

the e¢ relaxation as a step decrease for frequencies above

the relaxation frequency f0 = (2pRC)–1, as already defined.

Values of f0 were found in the range 105–106 Hz. The log

plot of the imaginary part e¢¢ exhibits a linear decrease with

increasing frequency up to f0, where a small deviation is

coincident with the e¢ relaxation occurring in this frequency

range. However, no clear dissipation peak was observed in

the frequency range investigated, and no significant

dependence on the applied magnetic field was observed in

the e¢¢ data. In the frequency range displayed in Fig. 5(b),

the relaxation e¢ is associated with the low frequency (LF)

component of the impedance diagrams, and both relax at

the same f0. For f < f0, e¢ exhibits a weak frequency-

dependence in the metallic state (T < TMI). On the other

hand, increasing T above the MI transition results in a more

pronounced decrease in e¢ with increasing f. The applied

magnetic field results in interesting effects on the dielectric

properties of the La0.6Y0.1Ca0.3MnO3. At a fixed frequency

(Fig. 5(a)), the application of a magnetic filed of H = 1 T

products a slight decrease of e¢ at low temperatures

(T < TMI). However, we have also evaluated a crossover

temperature T* < TMI, a temperature in which e¢ (T,

H „ 0) assumes values close to e¢ (T, H = 0) for all the

frequencies investigated. Such an increase of e¢ above T*

with applied H is more discernible at high frequency and

close to the MI transition. It is interesting to note that T*

Fig. 5 (a) Temperature dependence of the real part of the electrical

permittivity e¢ measured in both H = 0 and 1 T for selected

frequencies. The inset shows the T* dependence on the frequency.

(b) Frequency dependence of the real and imaginary parts of the

electrical permittivity e measured in both H = 0 and 1 T for T = 140,

175, and 200 K
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increases with decreasing frequency, and apparently moves

towards TMI approaching the dc limit (see inset of

Fig. 5(a)). Such a behavior is certainly related to the

coexistence of FM and PM phases below TMI, in accor-

dance with Mössbauer spectroscopy data for the

La0.6Y0.1Ca0.3Mn0.99
57 Fe0.01O3 compound that indicated a

severe competition between PM and ordered phases down

to T ~ 20 K [29]. The data displayed in Fig. 5(b) also

reveals that the application of a magnetic field H = 1 T

results in a small decrease of e¢ for f < f0, and an increase

for frequencies above the relaxation, provided that the

temperature is maintained constant and below TMI. How-

ever, the macroscopic behavior of e¢ differs for T ‡ TMI,

and an increase of e¢ is observed in the whole frequency

range with H = 1 T. The e¢ dependence on the magnetic

field is more pronounced close to TMI, similarly to the CMR

effect (Fig. 1), and more evident at frequencies close to f0. In

fact, this observation reflects the shift of f0 to higher values

upon the application of a magnetic field (see Fig. 5(b)). Such

an increase of f0 with H indicates an acceleration of the

relaxational dynamics by the application of a magnetic field.

In addition, the increase of e¢ is in agreement with the

decrease of the activation energy for hopping conductivity

of the insulating state with applied H [32].

Conclusions

The ac and dc transport properties of single-phase

La0.6Y0.1Ca0.3MnO3 specimens prepared by the sol–gel

technique were studied. The compound was found to

exhibit a metal-insulator transition at essentially the same

temperature of the ferromagnetic transition (~175 K). The

ac and dc magnetoresistance effects were found to be

maximum at temperatures close to the metal-insulator

transition. In addition, impedance spectroscopy measure-

ments under applied magnetic field revealed that an inter-

facial contribution accounts for the magnetoresistance

observed at low fields, supporting the scenario where an

appreciable intergranular magnetoresistance is expected at

low applied magnetic fields. The magnetodielectric prop-

erties of the phase separated manganite displaying a metal-

insulator transition have been also investigated. The

experimental results give further support to the phase

separation scenario, as the dielectric permittivity of both

the ferromagnetic-metallic and the paramagnetic-insulating

phases was found to exhibit different dependence on both

the frequency and the applied magnetic field.
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