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The structure, dielectric and magnetic properties of complex Sr,FeTiOg double perovskite have been
investigated. Reitveld analysis of X-ray powder diffraction pattern reveals that the material is stabilized
in a cubic perovskite phase with Pm3m space group without the B-site cations ordering. The tempera-
ture evolution of crystal structural studies indicates the absence of structural changes with temperature.
The scanning electron micrograph exhibits heterogeneous grain distribution with average grain size of
1-7.5 wm. The bond valence sum calculations and diffusion-assisted small-polaron hopping conduction
mechanism confirm the mixed valence state of Fe/Ti ions. Dielectric spectra show a broad dielectric
anomaly coupled with a shift in dielectric maxima towards higher temperature with frequency, exhibit-
ing a typical relaxor ferroelectric behavior. The relaxor behavior has been quantitatively characterized
based on the phenomenological parameters (Ty, Ts, ¥, ATielax ). The agreement of dielectric relaxation
with non-linear Vogel Fulcher relation indicates that the system is indeed a relaxor exhibiting glassy
characteristics. The transport studies show a semiconductor like behavior and a negligible magnetore-
sistance. Furthermore, the magnetic characterisation exhibits a non-metallic spin-glass-like state below
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16 K, driven by competing interactions between the antiferromagnetic and the ferromagnetic states.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Perovskites present an incredible extensive array of structures
and phases with entirely different properties. These materials
found wide applications in modern electronic devices such as
capacitors, piezoelectric and pyroelectric transducers, resonators,
etc. Among the ternary perovskites, the double perovskites of com-
position A;B'B”Og (A - alkaline earth metals such as Ca, Ba, Sr, etc.,
or rare earth ions of larger ionic radii, B’ and B” - transition metal
cations or lanthanides with smaller ionic radii) have received sig-
nificant attention in recent years due to their unique electrical and
magnetic properties. For instance, some of them exhibit interesting
magnetic properties which involves half-metallic ferromagnetic
Sr,FeMoOg, Tc =410K and antiferromagnetic insulator Sr,FeWOg,
Tn=37K[1,2]. Moreover, they exhibit a number of interesting phe-
nomena, including room temperature magnetoresistance, magneto
capacitance and magnetostriction. For example, SroFeMoOg shows
appreciable room temperature tunnelling magnetoresistance ~10%
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for 7T magnetic field. The presence of magneto-electric coupling
(ME) in these compounds promises important applications in spin-
tronics devices such as magnetic tunnel junctions or low field
magnetoresistive sensors [3]. In addition to their magnetic prop-
erties, the giant dielectric constant and the dielectric relaxation
are also observed, which have generated considerable interest due
to their possible applications in technologies like memory stor-
age devices, micro-electro-mechanical system, multilayer ceramic
capacitors and optoelectronic devices [4-7].

Recently multiferroic double perovskites such as LaNiMnOg,
LayCoMnOg, Sr,MMnOg (M = Sb>*, Ti4*, Nb°*, W6* Mob*, Ta>*), etc.
are reported to show near room temperature magneto dielectric
effect or magnetocapacitance and subsequent potential applica-
tions in spintronics devices such as magneto dielectric capacitors
and spin filtering tunnel junctions [8-11]. Additionally, multifer-
roics are also used in highly sensitive actuators and sensors, multi
state memories, robotics, etc. [12,13]. An extensive research has
been conducted in a number of Fe containing complex perovskites,
A(Feq2B1/2)03 (A=Ba,Ca,Sr; B=Nb, Ta, Sb)[14-17] because of their
giant dielectric constant, similar to that in CaCusTigzO1, [18,19],
with unique dielectric relaxation behavior. The relaxor behavior
in complex double perovskites is due to the defect in ordering and
there is no structural phase transition as in normal ferroelectrics
[20,21]. Moreover, Fe containing double perovskites has attracted
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much scientific interest for their magnetic and magneto transport
properties. It has been proposed that certain complex perovskite
ferroelectric compounds A(B) 2 B} 2 )O3 containing transition metal
as one of the B-site cations, exhibit magnetic ordering through indi-
rect exchange mechanism [22,23]. Thus the presence of magnetic
Fein octahedral B’ site of A(B) /28/{ /2 )O3 perovskite lattice may gen-
erate an interesting multiferroic material.

The compound Sr,FeTiOg is a solid solution oxide mixture of
ferroelectric SrTiO3 and ferromagnetic SrFeQs. SrTiO3 is a tech-
nologically important material and there are various reports on
the effect of impurity doping on the properties of this system.
The substitution of titanium for iron is of interest because of the
stability and site preference of Ti%*. Fe doped SrTiO; generates
highly disordered system which creates giant dielectric response
and diffuse dielectric anomaly [24-26]. A systematic evaluation of
the magneto-electrical properties in Sr(Feq,Ti; )03 has not been
extensively done and reported yet to the best of our knowledge.
Furthermore, the recent theoretical report on the electronic band
structure calculations by full-potential augmented plane wave
method reveal that Sr,FeTiOg is a magnetic half metal with total
magnetic moment ~2 g [27]. The band structure of Sr, FeTiOg con-
sists of spin densities of states with the positive spin projection is
completely occupied and has a forbidden gap, while for the band
with the negative spin projection, its upper vacant edge starts to be
filled at increased valence electron concentrations. Thus, the spec-
trum is of a metallic type for one spin subsystem (carrier density at
the Fermi level is N1 (Eg) > 0), but contains a forbidden gap for the
opposite spin projection (N|(Eg)=0), leads to spin polarized half
metallic state. The present investigation focuses on the detailed
characterisation of the structure, electrical and magnetic properties
of SryFeTiOg complex double perovskite.

2. Experimental

Polycrystalline powder sample of Sr,FeTiOg was synthesised by conventional
solid-state reaction method. Stoichiometric proportion of high purity SrCOs, Fe;03
and TiO, (Sigma Aldrich 99.9%) were mixed and preheated at 1273K for 12h.
The preheated powder was ground thoroughly and calcined at 1473 K for several
times with intermediate grinding. The calcined powder was then pressed into pel-
lets and sintered at 1673 K for 12h in ambient atmosphere to obtain maximum
density. The phase identification and purity of the powder sample was checked
from powder X-ray diffraction pattern obtained with a PANalytical X’ pert Pro
diffractometer in Bragg-Brentano geometry with Cu-Ka radiation in the 26 range
of 10°-90° with a step size of 0.008° at 25s per scan speed of 0.05°/min. For the
temperature dependent structural analysis, a reflective XRD apparatus equipped
with a closed cycle helium refrigerator was employed. Rietveld refinement of the
diffraction pattern was carried out using the GSAS software. The following param-
eters were refined: background points, zero shift, unit-cell parameters and thermal
effects. The microstructure and grain size of the sintered pellets were observed by
scanning electron micrograph using JEOL 5600 LV scanning electron microscope
(SEM) at 15kV. SEM images recorded were analysed using image analysis soft-
ware (Leica Qwin). Dielectric measurements were carried out on a disc shaped
pellet with silver paste electrodes painted on to it. The dielectric permittivity data
in the frequency range 10Hz to 1 MHz and temperature range 223-323K were
recorded using Solartron, SI 1260, impedance analyzer with an ac field amplitude of
100 mV. The magnetization experiments were performed in a vibrating sample mag-
netometer attached to a physical property measurement system (PPMS-Quantum
Design).

3. Results and discussion
3.1. Structural and microstructural study

The room temperature powder X-ray diffraction pattern of
polycrystalline SryFeTiOg reveals a single phase cubic structure
without any superstructure reflections (odd Miller indices, hkl),
which indicates the absence of long-range Fe/Ti ions ordering in
this compound [28,29]. The measure of the stability/mismatch of
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Fig. 1. Observed, calculated and difference X-ray powder diffraction pattern for
Sr,FeTiOg. The tick marks represent the possible Bragg reflections of Sr,FeTiOg. Inset
SEM micrograph of Sr,FeTiOg ceramics.

perovskites ABO3 can be obtained from the tolerance factor (t) by
the formula,

a+To

V2(((rg +137)/2) + 10)

t=

where ra, 1y, rgr and rq are the ionic radii of the ions [30]. The
value of t=1 corresponds to cubic perovskite and if the value is
away from 1, it suggests high degree of internal strain due to size
mismatch, which lead to a distorted perovskite structure. The value
of t is found to be 1.006 for Sr,FeTiOg. The Rietveld refined fit
of room temperature X-ay diffraction pattern is shown in Fig. 1.
As expected the crystal structure of SroFeTiOg is cubic and suc-
cessfully refined in Pm3m space group with the lattice parameter,
a=3.9002(2) A, cell volume 59.33(1) A3, Ry, factor of 7.31% and R,
of 5.72%. In this structure Sr atoms occupy 1b positions, Fe/Ti in 1a
and the oxygen atoms located at the 3d positions. The temperature
dependent X-ray diffraction pattern of the sample was also studied.
The sequential refinement from 273 K to 298 K was performed with
Pm3m space group. The thermal evolutions of structural parame-
ters are presented in Table 1, which shows an absence of structural
phase transition. The slight decrease in lattice parameter and vol-
ume indicate usual contraction of the cubic phase with decreasing
temperature.

Bond valence sum (BVS) calculation was done to determine the
valence state of Fe and Ti ions. The effective valence V;; between
the ith and jth atoms is defined as VU=Eje((d0*dij)/0-3‘7), where
dj; is the bond length between i and j atoms and dg is the bond
valence parameter that has been empirically determined for the i—j
pair [31]. Bond valence sum was calculated from Fe—O and Ti—O
bond lengths at various temperature using the software SPuDs and
is listed in Table 1, which indicate valence fluctuations between
Fe**[Fe3*and Ti**/Ti3* due to the presence of oxygen vacancies
[32,33]. Asshown by Anderson etal.[29], long range cation ordering
in double perovskites stabilizes when there is a significant differ-
ence in charge or size of the cations [28]. These differences act
as a driving force for the cations to occupy crystallographically
distinct positions within the structure. In the case of SryFeTiOg,
the lack of long range cation ordering is attributed to the small
difference in charges and size of Fe and Ti ions (ionic radius of
Fe3*, rg3*=0.645A; Fe?*, rgp.?*=0.585A and Ti3*, rp3*=0.67A;
Ti%*, r;%* =0.605 A) [34]. Scanning electron micrograph (SEM) for
Sr,FeTiOg is shown in the inset of Fig. 1. The SEM micrograph at
room temperature exhibits heterogeneous grain distribution with
average grain size of 1-7.5 wm and shows a proper compactness of
the sintered pellet.
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Table 1
Structural parameters, interatomic distances and bond valence sum of Sr,FeTiOg in the cubic space group Pm3m at various temperatures.
Temperature (K) 273 278 283 288 293 298
26 range (°) 10-90 10-90 10-90 10-90 10-90 10-90
Cell parameters, a (A) 3.89939(1) 3.89954(1) 3.89975(1) 3.89988(1) 3.90005(1) 3.9002(2)
Volume (A3) 59.291(0) 59.298(1) 59.308(1) 59.314(1) 59.321(1) 59.33(1)
Rwp 0.0567 0.0742 0.0715 0.0710 0.0744 0.0731
Rp 0.0449 0.0588 0.0558 0.0557 0.0585 0.0572
Distances (A)
Fe—0 1.94970 (0) 1.94977 (1) 1.94988 (1) 1.94994 (1) 1.95003 (1) 1.95012 (13)
Ti—0 1.94970 (0) 1.94977 (1) 1.94988 (1) 1.94994 (1) 1.95003 (1) 1.95012 (13)
Bond valence sum
Fe3* 3.59 3.59 3.58 3.58 3.58 3.58
Fe# 3.75 3.75 3.75 3.74 3.74 3.74
Ti* 3.91 3.91 3.91 3.90 3.90 3.90
Ti%* 4.17 417 4.17 4.17 4.16 4.16
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Fig. 2. Real part (¢') of the dielectric permittivity of Sr,FeTiOg as a function of
temperature at several frequencies. Inset imaginary part (¢”) as a function of tem-
perature at frequencies 1, 10, 100 and 1000 kHz.

3.2. Dielectric properties

The temperature dependence of the real part ¢’ and the imag-
inary part &” of dielectric permittivity at several frequencies for
Sr,FeTiOg are shown in Fig. 2 and in the inset of Fig. 2 respectively.
The dielectric constant goes through a broad maximum, which
indicates a diffuse phase transition [20,35,36]. The peak temper-
ature (T ) at which maximum dielectric constant occurs is found
to be frequency-dependent and shifts to higher temperatures with
increasing frequency. Also, the maximum value of dielectric con-
stant (¢},,) decreases with increase in frequency. The magnitudes of
& with respective Ty, at representative frequencies are as shown
in Table 2. The occurrence of a diffuse transition with frequency dis-
persion of Ty, is the characteristic property of relaxor ferroelectrics;
furthermore, the analysis of temperature dependent X-ray diffrac-
tion pattern confirms the absence of structural transition. The
frequency dependent variation of ¢’ and &” at different tempera-
tures are also shown in Fig. 3. The broad peak in the imaginary part

Table 2
Frequencies, respective dielectric maxima (&j,,) and peak temperature (Ty,) of
Sl‘zFETiOG.

Frequency (Hz) & T (K)
10 76,956 287
100 26,080 291
1000 13,649 294
10,000 6971 399
100,000 3460 304
1,000,000 360 323

of the dielectric permittivity and coincidence of maximum of &”
with the inflexion point of ¢ further evidence the relaxor behav-
ior of the sample [37]. It is known that the relaxor behavior arises
due to the composition fluctuation resulting from cation disorder
caused by ions of different valency located on crystallographically
equivalent sites or due to the presence of thermally activated nano
polar domain structure from the symmetry breaking defects. The
symmetry breaking defects can be of different origins, such as point
defects and intermediate scale ordering of octahedral cations with
different radii and charge [37-40].

The presence of relaxor behavior further analysed by the
Curie-Weiss law fit. It is well known that the dielectric permittiv-
ity of a normal ferroelectric above Curie temperature follows the
Curie-Weiss law,

,_ C
£ _m(T> To)

(1)
where Ty is the Curie-Weiss temperature and C is the Curie-Weiss
constant. Fig. 4 shows the reciprocal of the dielectric constant (1/¢’)
versus temperature at 100 Hz for Sr,FeTiOg and its fit to the exper-
imental data by Curie-Weiss law. A deviation from Curie-Weiss
law can be clearly seen. The reciprocal dielectric constant starts to
follow the Curie-Weiss law above 306 K, defined as Burn temper-
ature (Tg). The difference between Tz and Ty, (306 K—291K=15K)
shows a characteristic diffuseness of phase transition [41].

The relaxor ferroelectric behavior of the sample can also be eval-
uated using a modified Curie-Weiss law [42,43], Eq. (2), which
explains the dielectric behavior of the complex ferroelectrics with
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Fig. 3. Real part (¢’) of the dielectric permittivity of Sr,FeTiOg as a function of fre-
quency at 223, 273 and 303 K. Inset variation of imaginary part (¢”) with frequency.
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Fig. 4. Temperature variation of the reciprocal dielectric constant (1/¢’) for
Sr,FeTiOg fitted with Curie-Weiss law at100 Hz. Inset log(1/¢’ — 1/¢},) as function
of log (T— T ) at100 Hz.

diffuse phase transition, in the temperature range between Ty, and

T,
4

1o -l @
&g &m C
where ¢, is the dielectric constant at Ty, C is the Curie-Weiss
constant, and y, the diffuseness exponent, lies between 1 and 2.
The parameter y gives an information on the phase transition
character; y =1 represents classical ferroelectric phase transition
where normal Curie-Weiss law is followed and y=1-2 gives the
quadratic dependence which describes completely diffuse phase
transition. The plot of log(1/¢’ — 1/¢p,) as a function of log (T — T)
at 100 Hz is shown in the inset of Fig. 4. The value of y ~ 2 indicates
a complete diffuse phase transition characteristics with disordered
crystal state of the material [6].

On the other hand, the degree of relaxation behavior can be
described by an empirical parameter ATeax [41], defined as,

ATelax = Tm(10kHz) — Tm(10Hz) (3)

where Ty, (10kHz) and Ti (101z) are temperatures corresponding to
the maximum dielectric constant at 10 kHz and 10 Hz, respectively
and a ATeax Value of 13K was observed, which suggests strong
frequency dispersion.

The frequency dependent &'(T) curve indicates a thermally
activated dielectric anomaly since Ty, increases with measured fre-
quency. If the dielectric relaxation process is a thermally activated
motion, the temperature dependence of the relaxation time can be
fitted with Arrhenius law,

T = Tgexp (E) (4)
kB

where 7, the pre-exponential term; E,, activation energy; T, the
temperature and kg, the Boltzmann constant. However, the non lin-
earity in the Arrhenius plots [In(7) vs. 1000/T] and the extremely
low value of the pre-exponential term 7o (1 x 10~77) indicates fail-
ure in fitting the data with Arrhenius law. Therefore, the dielectric
spectra for SryFeTiOg were fitted with an alternative non-linear
Vogel Fulcher (VF) law [43-45],

E,
T::mexp(kunm—Tn) (%)

which is used to characterize the frequency dispersion behav-
ior in relaxors, where 7 is the pre exponential factor; E; is the
activation energy; kg is the Boltzmann constant; Ty, is the tem-
perature at which maximum of &" occurs at the angular frequency
w=27v; T=w! and Tt is the static freezing temperature at which
the relaxation time 7 tends to infinity. The best fit of VF law to the
experimental data indicates that Sr,FeTiOg shows a glassy behav-
ior analogous to the spin glass state in magnetic materials with
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Fig. 5. Non linear Vogel Fulcher fitting for Sr,FeTiOg. Inset reduced dielectric per-
mittivity, &' /¢, versus reduced temperature, (T — T )/Tm.

polarisation fluctuations above T;. The glassy behavior is attributed
to the interaction of random dipoles arising from B-site cations
disorder [45-47]. The parameters obtained from the non linear fit
(Fig. 5) are E;=0.05eV, 79 =1.22ns and Tf=254 K. The determined
parameters are in good agreement with typical values reported for
relaxors such as Pb(Fe;;Nby )03 (Ea=0.075eV, 79 =4.55 x 107135,
T=280K) [46], Pb(Ba;;3Nby/3)03 (E2=0.037 €V, 79=6.66 x 10755
and T;=286K) [47], FeTiTaOg (E;=0.068eV, 179=1x10"?s and
Ts=508 K) [48], etc.

The broadening of the phase transition is better illustrated
by plotting the reduced dielectric constant (¢'/g},) as a function
of reduced temperature (t=(Tm —Tt)/Tm) at different frequen-
cies (inset of Fig. 5). The plot has only a very little dispersion
over a wide frequency range similar to the observation in other
relaxors [49,50], confirming the ferroelectric relaxor nature of
SrzFeTiOG.

The observed relaxation dynamics of Sr,FeTiOg can be
attributed to the presence of polar nano regions arising from the
compositional fluctuations and/or due to structural disorder in the
lattice creating a defect related hopping mechanism [38-40]. This
may be correlated with the prevailing disorder at B-site due to the
random distribution of the Ti and Fe ions. Furthermore, the pres-
ence of mixed valence state, such as Ti**/Ti3* and Fe**/Fe3*, also
generates a short-range hopping, resulting in dielectric relaxation
[24,25,32].

3.3. Transport properties

3.3.1. DC conductivity

Fig. 6 shows the temperature dependence of dc resistivity (,04c)
measured in the temperature range 150-300K (p4c ~448 2 cm
at 300K). In general, any chemical substitution leads to dis-
order in the system which may tend to localize the carriers
at the doping site which are governed by different conduc-
tion mechanisms. To analyze the nature of transport behavior,
the conductivity data was modelled with common conduction
mechanisms such as Arrhenius, variable range hopping and
small-polaron hopping models [51]. The conductivity data of
SryFeTiOg is found to fit well to Mott-small-polaron hopping
model.

The diffusion-assisted small-polaron hopping states that,

N E
et () ()

In this function, hyp is the hopping probability, N is the number
of carriers, a is the average hopping distance, e is the charge of an
electron, kg is the Boltzmann constant, and E, is the activation
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Fig. 6. Temperature dependence of dc resistivity (pqc) for SroFeTiOg. Inset the linear
fit with Mott small polaron hopping model.

energy for mobility, u=ea%(v/kT), where v is the hopping fre-
quency. The plot of In(o4.T) as a function of 1/Tis shown in the inset
of Fig. 7. Assuming that hopping occurs between Fe and Ti sites are
indistinguishable, one can take the average single-perovskite-type
cell parameter a; =3.9002 A at 298 K to be the average hopping dis-
tance a and hopping probability, hp =1/6 for the octahedral site for
Sr,FeTiOg. The value of activation energy and UN extracted from the
slope of the linear fit are 0.1941 eV and 1.74 x 10'° Hz respectively.
The values are quite typical for semiconductor like carriers. The
diffusion-assisted small-polaron hopping conduction in Sr,FeTiOg
also indicates an intermediate-valence state of the system [52].

3.3.2. AC conductivity

Fig. 7 shows the ac conductivity (oac) as a function of temper-
ature from 250 to 350K at different frequencies (5, 10, 50 and
100 kHz). The ac conductivity shows a kink around the ferroelectric
to paraelectric phase transition which is shifted to the higher tem-
perature side with an increase in frequency and resemble with the
shift in dielectric spectra, attributing to the conventional relaxor
nature in SroFeTiOg. This relaxation process associated with the
domain reorientation, domain wall motion and the dipolar behav-
ior [53]. At higher temperatures, the conductivity data tends to
fall on to a straight line, which is the typical behavior of the dc
component [54,55]. The increase in conductivity with increasing
frequency suggests that the conduction mechanism is due to the
hopping of charge carriers from one site to the other [53].

3.4. Magnetic characterisation

The temperature dependence of zero field-cooled (ZFC) and
field-cooled (FC) magnetization for Sr,FeTiOg measured at 0.5 kOe
are shown in Fig. 8. The M-T curve exhibits a large thermal irre-
versibility in the ZFC and FC data below 16 K, suggesting that the
material on cooling shows a spin-glass like behavior [33,56]. Battle
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Fig. 7. Temperature dependence of ac conductivity (o) for SroFeTiOg at different
frequencies.
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Fig. 8. ZFC and FC magnetization curves for Sr,FeTiOg recorded from 3K to 300K
at an applied field of 0.5kOe along with the variation of magnetoresistance with
temperature for Sr,FeTiOg at 50 kOe. Inset variation of inverse susceptibility with
temperature and the Curie-Weiss fit.

et al. reported a similar behavior in Sr;FeRuOg due to competing
magnetic interactions such as ferromagnetic Fe-Ru superexchange
interaction and antiferromagnetic Fe-Fe/Ru-Ru coupling [57]. Plots
of inverse susceptibility versus temperature are not linear, indi-
cating that the material does not follow the classical Curie-Weiss
law over the whole temperature range which could be arising from
the disorder and vacancies in Sr,FeTiOg associated with the com-
plex distribution of Fe exchange paths [55]. However, from the
reciprocal of susceptibility in the temperature interval 200-300 K
(inset of Fig. 8), an effective magnetic moment, [eg~ 5.8 |Lp,
could be calculated. The effective magnetic moment observed is
higher than the theoretical spin only magnetic moment of Fe?',
(K(spiny ~4.89 pg), Ti3* (t(spiny ~ 1.73 g) and lower than that of
Fe3* state ((spin) ~ 5.92 pp). This reveals the presence of mixed oxi-
dation states of Fe and Ti ions arising from the cation disordered
structure with random oxygen vacancies [32].

Field dependent magnetisation measurements, performed at
temperatures 300K and 4K are shown in Fig. 9. M vs. H plot at
300K reveals a linear behavior, indicating the paramagnetic nature
of the material. The field dependent magnetization at 4 K shows a
S-shaped hysteresis loop with coercivity (H¢) and remanence (M;)
values as 1.03 kOe and 0.125 emu/g respectively (inset Fig. 9). Fur-
thermore, the magnetization does not saturate even under 50 kOe
field, suggesting a spin glass-like behavior of the sample [58]. The
observed small moment is only associated with the magnetic state
adopted below 16K owing to the existence of weak ferromag-
netic interactions. These interactions usually exist when there is
an incomplete antiferromagnetic ordering due to some degree of
disorder introduced by the presence of Fe**, Fe3*, and Ti3* ions
leading to the frustration effects. These arise due to the competing
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Fig.9. Magnetisation vs. applied field for Sr,FeTiOg recorded at 4K and 300 K. Inset
shows the expanded region between —7.5 and +7.5 kOe.
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ferromagnetic and antiferromagnetic superexchange interactions
between Fe ions via Ti/O ions and give rise to spin-glass behavior
[26,55]. The magnetoresistance of SroFeTiOg was also measured
and a negligible value of less than 0.5% for 50 kOe at 300K was
observed (Fig. 8). The low value of magnetoresistance, relaxor fer-
roelectric nature and spin glass behavior at low temperatures give
ample evidence to the conclusion that the localized electronic state
arises from the mixed valence state of Fe/Ti ions in this compound
[56,59].

4. Conclusions

The structural, dielectric, magnetic and magnetotransport stud-
ies of solid state synthesised SryFeTiOg double perovskite have
been carried out. The Reitveld refinement of X-ray diffraction
data reveal the space group of SryFeTiOg is Pm3m with lattice
parameter a=3.9002(2)A. The thermal evolution of the lattice
parameter and volume shows no structural phase transition and
the bond valence sum method reveal the presence of valence fluc-
tuation between Fe#*[Fe3*and Ti%*/Ti3*. The microstructure and
grain size distribution studied by scanning electron micrograph
exhibits heterogeneous grain distribution with average grain size
of 1-7.5pm. The ¢'(T) and &”(T) curves show strong frequency
dispersion and Ty, for lower frequencies are near room tempera-
ture, but the temperature dependent X-ray pattern confirms the
lack of structural transition, which reveal a typical ferroelectric
relaxor behavior. The frequency dependent variations of ¢’ and &”
at different temperatures further evidence the presence of short
range polar state of the sample. The deviation from Curie-Weiss
law and the parameter y obtained from Modified Curie-Weiss fit,
confirm the diffuse phase transition and a relaxor behavior in com-
plex SryFeTiOg. The degree of relaxation, AT,eax iS Obtained as 13 K
suggesting strong frequency dispersion and this particular nature
indicates that the system freezes to a glassy state below a cer-
tain temperature and thereby takes much longer to respond to the
small external ac signal. The Vogel-Fulcher relationship indicates
a glassy like characteristics and provides another direct evidence
of the relaxor behavior in complex Sr,FeTiOg ceramics. The fre-
quency dependence of the real part of ac conductivity at various
temperatures also confirms a relaxor ferroelectric behavior. The
diffusion-assisted small-polaron hopping conduction in Sr,FeTiOg
evidences an intermediate-valence state and semiconductor like
behavior of the system. The observed spin-glass like nature of
SrpFeTiOg is attributed to the incompatible superexchange inter-
actions between Fe**, Fe3*, Ti**and Ti3* ions. These observations
suggest, Sr,FeTiOg complex double perovskite is an attractive lead
free room temperature relaxor material suitable for practical appli-
cations.
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