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Evidence of Mixed lonic-Electronic Conduction in SrLaFel-xMnxTiO6 Double
Perovskites Series: Structural and Dielectric Impedance Studies.
Dr.Yousef A. Alsabah
Department of Physics, Faculty of Education and Applied Science, Hajjah

L=

The structural and the electrical properties of the double perovskite

compounds SrLaFe,; ,Mn,TiOg s, (x= 0, 0.33, 0.67 & 1.0) were studied via X~

University, Hajjah, Yemen

ray diffraction (XRD) and the dielectric impedance measurements. The
preparation of the compounds was successfully achieved through the
precursor solid state reaction in the air at 1250 °C. The purity phase and the
crystal structures of the compounds were determined by means of the
standard Rietveld refinement method using the FullProf suite. The best fitting
results showed that SrLaFeTiO4_s was orthorhombic with space group Pnma,
both SrLaFe ¢;Mn ;3TiOg_s and SrLaFe 33Mn, ¢, TiO4_s Was a cubic structure
with space group Fm3m while SrLaMnTiO4_s was tetragonal with 1/4m space
group. The charge density maps obtained for these structures indicated that
the compounds show an ionic and mixed ionic—electronic conduction. The
dielectric impedance measurements were carried out in the range of 20 Hz to
1MHz and their analysis showed that there are more than one relaxation
mechanisms of Debye type. Doping with Mn was found to reduce the
dielectric impedance of the samples and the major contribution to the dielectric
impedance was established to change from a capacitive in case of
SrLaFeTiOg s to a resistive in SrLaMnTiO4 6. The fall in the values of the
electrical resistance maybe related to the possible occurrence of the double
exchange (DEX) mechanism among the Mn ions providing that there is
oxygen deficiency in the samples. DC-resistivity measurements were revealed
that SrLaFeTiO4_ & was an insulator while SrLaMnTiO4s was showing
semiconductor-metallic transition at ~ 250 K which in support of the DEX

interaction. The dielectric impedance of SrLaFe, (;Mn, ;3TiO¢_s was found to

be similar to that of (La,Sr)(Co,Fe)O3,5, the mixed ionic—electronic conductor

(MIEC) model. The occurrence of a mixed ionic—electronic state in these

\
[; 2022 ( ytouwdd - guigy) SN adalt wE> Aela Aloxe
A




Evidence of Mixed lonic-Electronic Conduction in
[ Dr.Yousef A. Alsabah SrLaFel-xMnxTiO6 Double Perovskites Series: Structural ]
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Key words: Impedance spectroscopy; mixed ionic-electronic conductor
(MIEC); Perovskite oxide; solid oxide fuel cells (SOFC)

T p—— T



mailto:y.a.alsabah@gmail.com

SrLaFel-xMnxTiO6 Double Perovskites Series: Structural

[ Dr.Yousef A. Alsabah Evidence of Mixed lonic-Electronic Conduction in ]

1. Introduction

The solid oxide fuel cells (SOFC) are receiving great attention from many
research groups for their promising applications as a relatively clean and cheap
source of energy[1-3]. The utilization of the SOFC is faced by many difficulties
that are to be solved. A major one is a coke onto the surface of the Ni-Yttrium
stabilized zirconia (Ni-YSZ) anode of the SOFC. The NiO acts as catalysis and
reacts with the methane (CH4) fuel which splits into carbon and hydrogen[4-5]
and causing deposition of carbon on the anode surface. New stable anode
materials were developed in order to solve this problem.

The mixed ionic-electronic conductor (MIEC) material is preferred to replace
the Ni-YSZ anode. Such a property is found in numerous perovskites structures
such as (LaosSros)1xFe1yAlyOs. s (x=0-0.05; y=0-0.3)[6], SrSnix FexOzx2+5 [7]
and (La,Sr)(Fe,Ni)Oz [8]. Not only the presence of MIEC is important; but also

the values of the ionic (o,)and the electronic (o,)conductivities. For a

perovskite to be qualified as an efficient electrode and current collector, the

conditions o; >0.1S/cm and o, >100S/cm[9] were fulfilled, so as to be an

alternative for the Ni-YSZ anode.

The perovskites structures are considered to be stable under electrochemical
reactions. P. Zhang et al [4] have reported that a double perovskite SOFC anode
based on Sr.CoMo00Og is assumed to be a good MIEC where it gave a maximum
power density of 1017mW/cm? when LaogSro.12GaossMgo.1702815 is used as a
solid electrolyte. To qualify a double perovskites material as a good SOFC
anode, some fundamental properties were investigated beforehand. The

dielectric impedance is one of the sensitive tools to inspect the relaxation
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mechanism and conductivity of the SOFC materials[9-12] as well as to probe the
effect of the hydrogen on the electrical conductivity[8] usually encountered in
the operation of the SOFC. It is also used to probe the mixed ionic-electronic
conductivity of materials[13]. T. Xia et al[14] had studied the dielectric and the
conductivity of SroFe1xMxNbOs (M= Zn and Cu) under variable oxygen partial
pressure. They found out that the conductivity of this material increases and it is
chemically stable under oxygen partial pressure between 1 atm and 10%? atm at
873 K. The increase of the conductivity was related to the charge
disproportionation reaction of the Fe®" ions. The dielectric impedance
measurements carried out by Q. Liu et al on SroFe1sM0o50s [3] revealed that it

is sensitive to temperature and hydrogen. The conduction was explained in terms

of the equilibrium reaction between Fe *+ Mo®" <> Fe®" + Mo®". The dielectric
impedance had also been done by D. Marrero-Lopez et al on SroMgMoOs.
s Where the effect of H/Ar> mixture and the air have been investigated[15].

The iron-containing double perovskites have shown a variety of electrical
conductivity. The Sro2FeMoOg is a half-metallic magnetic material that is useful
in the spintronics application[16] while the Fe-rich SroFe15Mo00s506 is mixed-
ionic electronic conductor[9]. The difference in the electrical conductivity of
SrLaFeTiOs and SrLaMnTiOs may be related to the content and transport
properties of the Fe and the Mn ions in both compounds.

In the present work, we study the doping effect of the Mn ions in the Fe-site of
the double perovskites SrLaFeTiOs and investigate its suitability as MIEC
conductors. The dielectric impedance measurements will be used to probe such
property with the help of some equivalent circuit models proposed specifically

for MIEC materials. In addition, the conductivity depends of SrLaFe1.xMnyTiOs

T p—— T




SrLaFel-xMnxTiO6 Double Perovskites Series: Structural

[ Dr.Yousef A. Alsabah Evidence of Mixed lonic-Electronic Conduction in ]

(x=0, 0.33, 0.67 and 1.0) on the Mn concentration as the signature of possible
MIEC materials will be investigated.
2. Experimental details

Polycrystalline samples are prepared from stoichiometric amounts of SrCOs,
MnCQOz, La203, MnO, Fe2O3 and TiO». All materials are purchased from Alfa
Acer and of purity not less than 99.9%. The Fe.Oz and TiO. oxides are mixed
and ground with a small amount of acetone for homogeneity and left to dry in
air. The mixture is then heated at 900 °C for 12 hours. The obtained precursor is
then mixed and heated with the prescribed stoichiometric amount of SrCO3 and
La>O3 and then heated in a furnace at 900 °C for 12 hours. This process is
repeated twice. The obtained powder was pressed into pellets under pressure of
1.9 x 108 N/ m? for 30 seconds, and then heated at the same temperature for 24
hours with intermediate grindings. Finally, the samples are ground again and
pressed before been sintered at 1200 °C for 24 hours at an ideal heating rate of
10 °C/min.

The X-ray diffraction is carried out using Bruker D8 Focus and Schimadzu 6000
diffractometers[17-18]. The data are collected in the angular 26 range from 20°
to 80° with step scan 0.01° and 3 sec/step using Cu-Kq radiation of wavelength
A= 0.1541 nm. The collected data are then fed to the FullProf suite[19] in order

to determine the lattice parameter, space group and atom positions.

Accurate dielectric impedance measurements are carried out on the samples
which were in the form of pellets of about 1.24 cm diameter and 0.2 cm
thickness. The two surfaces of each pellet are polished good and coated with a
very thin layer of silver paste and checked for good conduction. The
measurements are carefully taken at room temperature as a function of
frequency in the range from 20 Hz to 1 MHz using a QuadTech LCR bridge
model 1920 CE[20]. The LCR-bridge is interfaced to a PC and the data are
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collected by in-lab written LabView program. The data are analyzed by the Easy
analyzer program[21].

3. Results and discussion
3.1 The structural characterization and the charge density contour maps

The XRD patterns measured at room temperature for the samples SrLaFeTiOs,
SrLaFeo.67Mno.33TiOg, SrLaFeo33sMnos7TiOs and SrLaMnTiOg are shown in Fig.
1. These patterns are subjected to careful analyses by means of the standard
Rietveld methods employed in the FullProf suite. Three structural models are
selected for the refinement processes for the accurate determination of the best
crystal structure that matching the data. The double perovskite oxides can exist
in one of the cubic, tetragonal or orthorhombic structures with the space group
Fm3m, I/4m and Pnma respectively. The XRD characterization showed that
prepared samples are of single-phase.

The results of the best fitting and the indexed peaks are also shown in Fig 1..
The quality of the proposed model was judged by means of the lowest value of

the Bragg’s reliability factors.
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Fig 1: The best fitting of the XRD patterns of prepared samples. The space group and the

lattice parameters are shown.

The XRD data and the results of the best fittings are fed to the GFourier
program which is integrated into the FullProf suite. The GFourier (GF) is used
to calculate the charge densities of the sample of interest. The results of the GF
along the ab plane are shown in Fig 2. The effect of doping the Fe site by Mn is
clearly seen in the contours maps of the charge densities of the present samples.
Fig 2.a shows that SrLaFeTiOs is likely to be ionic conductor where no bonding
between the Fe and Ti ions is observed. This behavior is disappeared in
SrLaFeos7Mno33TiOs (fig 2.b) and in SrLaFeos7Mno33TiOs (fig 2.c) where a
clear covalent bonding is detected. The mixed ionic-electronic state can be
inferred from fig 2.d for SrLaMnTiOe where partial covalent bonding is
observed. The degree of the competition between the ionic and the electronic
conduction in these samples cannot be deduced accurately from the contours

maps alone.
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SrLaFel-xMnxTiO6 Double Perovskites Series: Structural

Fig 2:

The contour maps in the ab-plane of each crystal system for prepared samples which
obtained from the results of the best fitting of the XRD data.

3.2 The frequency response of the dielectric impedance

The Bode plots explicitly show the frequency dependence of the real and
imaginary parts of impedance[22]. Careful inspection of the impedance response
to the frequency in the form of Bode plots has a prime role in suggesting the
equivalent circuit model fit the data and deducing the relaxation process (es) and
other physical properties like MIEC[23]. Therefore, the results of the real (Z')
and imaginary (Z") components of the impedance spectra which are measured
in the frequency range from 20 Hz to 1MHz are firstly inspected in terms of the

Bode plots.
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The Bode plots for Zz' and Z" as a function of frequency for the present
samples are shown in figures 3 and 4, respectively. In fig. 3.a of SrLaFeTiOe, it
can be observed that z' is decreased as the applied frequency increased, while
the opposite behavior is noticed in case of Z". Moreover, changes in the slope
are observed at around 300 Hz and at around 100 kHz, as indicated in the inset
of fig 3.a. Such behavior indicates that there is more than a single relaxation
mechanism in this sample.

Upon inclusion of the Mn ions in the Fe-site, the values of Z' for
SrLaFeos7Mno33TiOs fig 3.b) appear varying slowly below 300 Hz, and then
start decreasing with increasing the applied frequency. In SrLaFeo.33Mnoe7TiOg
(fig 3.c) and SrLaMnTiO6 (fig 3.d) Z' is found to be almost frequency
independent up to about 82 kHz, and then is found to decreases as the frequency
increases to 1 MHz.

The imaginary part of the impedance (Z") of SrLaFeTiOg (fig 4.a) is found to
decrease as the applied frequency increases. For SrLaFeos7Mno33TiOs, fig 4.b,

two peaks (Z\. ) are observed at around 1.37 kHz and 15.10 kHz in the plot of

Z" which are indications of the occurrence of at least two relaxation times in the
conduction process[24]. On the other hand, Z" shows peaks at around 243 kHz
and 730 kHz for the samples SrLaFeo.33Mno67TiOs and SrLaMnTiOs as shown
in fig 4.c and 4.d respectively. It is worthy to note here that the values of the
frequency corresponds to the maximum Z" is found to increase with the content
of the Mn atoms in the samples.

3.3 Equivalent circuits and modeling of the impedance data
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In the figures 3.e and 4.e, simulations of the typical behavior of the Bode plots
for the dielectric materials with a single relaxation time for an RC circuit are

1

shown. These plots are generated assuming that z' = and 7% o T
+

1+f2

where f is the frequency[25]. This circuit is simulated on a frequency span from
107 up to 10° Hz. The range from 102 up to 10° Hz is shown only in order to
match the range of the frequency span of the measurement i.e. over 5 orders of
magnitude. Below 10 Hz, the response of the materials is found to be, almost,s
frequency independent; the contribution of the polarization resistance (Rp) can

1
1+f

be evaluated where it varies as

. When the frequency increases up to a few

f
1+f

kHz it would decreases as

_ and then becomes frequency independent and

then the resistance of the solid electrolyte (Rs) can be evaluated. Further, from
the imaginary part of the impedance, the relaxation frequency can be
determined. By the help of this figure, the resistive and the capacitive
contributions to the dielectric impedance can be inferred. The capacitive
contribution leads to higher electrical resistance while the resistive contribution
leads to low resistance[26].

Conventionally, to elucidate the conduction process (es) taking place in the

dielectric materials, the Cole-Cole plots are generated and the data are fitted to
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suitable equivalent circuits based on their analysis of the response of the
dielectric impedance to the frequency. Generally, the Cole-Cole plots, i.e. the

plots of Z'versusZ", are used to inspect the contribution of the electrodes, the
grain and the grain boundary effects to the dielectric impedance of
materials[27]. In the ideal cases, these three contributions give rise to three arcs
with three maxima that correspond to the relaxation frequency of an element of
an equivalent circuit. These three arcs are usually modeled by a series
combination of three sub-circuits each one is composed of a resistor connected
in parallel with a capacitor (or a constant phase element (CPE)). The location of
each arc is identified by the frequency where the arc of the grain boundary effect

generally falls on a frequency span less than that of the grain effect. Therefore,

the relaxation time of the grain boundary (4, ) effect is greater than that in the
grain (t,) effect.

The z'andZ" plots may appear as only part of an arc or as a single semicircle.
The first situation indicates that the resistance of the grain boundary (Rgp) could

be very high compared to the resistance of the grain (Rg), where the
corresponding 1, lies outside the frequency range of the measurements.
Another case is for the typical insulating materials in which both Rq and Ry are
high. The semicircle shape may exist if Rq is small and the total resistance is
dominated by Rg and 7y, would be within the frequency range of the
measurements[28-29].

By looking again into Bode plots shown in figures 3 and 4, and in combination
with the expected response shown above, different features of the variation of

Z' and Z“ are noted with frequency in these samples. The compound
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SrLaFeTiOs has shown a typical capacitive behavior as compared with fig 3.e,
but the resistive contribution may be small and cannot simply be excluded. The
effect of the Mn doping is found to change the major contribution to the
dielectric impedance from a capacitive as observed in SrLaFeTiOg to a resistive
one as in SrLaMnTiOe.

Strengthening of the resistive contribution is expected to lead to the presence of
ionic and electronic conduction (MIEC). To look for MIEC, the data are to be
modeled taking into consideration the capacitive and the resistive competition
into the values of Z' and Z" as shown in the Bode plots shown in fig 3 and fig
4 respectively. Modeling the MIEC state is discussed by many Authors [15-16].
F. S Baumann et al have studied the dielectric impedance of the well-defined
(La,Sr)(Co,Fe)Os.s model electrode[23] where the equivalent circuit model is
based on J. Jamnik and J. Maier generalized equivalent circuit model for mixed
conductors[30]. The response of the real and the imaginary parts of the
impedance in the frequency range 0.1Hz to 1MHz and temperature 700 °C for
(La,Sr)(Co,Fe)Os.5is qualitatively similar to that of the sample
SrLaFeos7Mno33TiOg, but the Cole-Cole plots are found to be different. This
difference may be related to the wide range of frequency used by Baumann et al.
Thus, to model the impedance data of the present samples, which presented in
the form of Cole-Cole plots, the equivalent circuit model of Baumann et al for
MIEC materials is considered with slight modifications.

3.4 The complex Cole-Cole representation and the phase shift
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The plot of Z' versus z" for SrLaFeTiOs and the corresponding phase shift
defined as 0 = arctan(Z“ / Z‘) are shown in fig 5.a and fig 6.b respectively. The
Cole-Cole plot does not resemble a semicircle but a part of it with high values of

Z' and Z"“. Qualitatively, this means that the present sample did not show a
semicircle may be because both the grain and the grain boundary resistances are
high and the relaxation time lies outside the low-frequency limit. Quantitatively,
the data are modeled using the equivalent circuit given in fig 7.a. This
equivalent circuit is considered to deal with the effect of the electrode, grain
boundary and grain size effects. The inclusion of the Warburg (Ws) element is
assumed to treat the diffusion in the transport process which is commonly
observed in MIEC [31, 32]. The criterion for the best equivalent circuit is that it
must fit simultaneously the data of Z' against frequency, the data of Z" against
frequency, the Cole-Cole plot and the phase shift (6) against frequency. This is
because of some proposed equivalent circuits fit e.g. the Cole-Cole plot are
failed in fitting the phase shift. This criterion is always looked and fulfilled in all
the equivalent circuits proposed for prepared the samples. The lines in fig 5
represent the best fitting using the equivalent circuit shown in the fig 7.a and the

fitting parameters are given in table 1.
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The values of the grain and the grain boundary resistances are very high and the
corresponding relaxation time (t=RC) can be deduced if C is obtained[33].
The value of C is related to the impedance of the constant phase element (CPE)
which is given by[33]
1
14 pio)"
1)

where p is a constant. The CPE element will represent a capacitor when the

Z

exponent n=1 and p will equal C, the capacity of the capacitor. In the case when

the value of n is less than 1, the capacitance can be given by

1/n
c_(PR)
R

)
where R is the resistance connected in parallel with the concerned CPE element.

The values of the C are calculated using equation 2 and the relaxation times are

given in table 1. The calculated values of t, and 7, are found to be 19.17x10°
sec and 7.82x107 sec respectively. The value of ty, falls in the range of the

relaxation time of the dipolar polarization mechanism whiles the value of t,

falls in the range of the hopping polarization mechanism. Further, the values of
n of the CPE1 and CPE2 are large and equal to 0.95 and 0.92 respectively. This
implies that the conduction is affected by the capacitive behavior of the grain
boundary as inferred from the Bode plot of this sample. It cannot simply one say
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that it is a purely ionic conductor with capacitive nature. This is because the
phase shift angle (6 ) is not constant at 6 = 90°. The angle 6 values are found to
vary and showing two peaks at the frequencies 458.9 Hz and 36.5 kHz,
corresponding to 6= 74.3°and 6 = 69.2° respectively. In general, the values of
0 in this sample are large which are greater than 40°. This, by its role, indicated
that the value of Rs and Rp are widely separated and is reflected in the values of
the resistances obtained from the equivalent circuit and shown in table 1.
Moreover, to have a Debye relaxation, the peak in O(f)should not equal to that
of the complex impedance. This is confirmed in the present sample where we
did not see a peak in the z"(f) plot matches that of G(f) plot for the same
sample. The phase shift angle is related to the energy dissipated as heat in the
dielectric materials. As seen in fig 6.(a) the heat loss is expected to increase
with frequency, but two peaks are observed signifying presence of more than a
relaxation time. According to the model of Rezlescu, a peak appears when the
frequency of the hopping of the charge carriers between two valence states of
the same element matches with the frequency of the applied field. In
SrLaFeTiOs, the valences states of Fe and Ti may exist as Fe*/Fe?* and as
Ti¥*/Ti*  respectively. Thus, the peaks may be related to hopping
between Fe** <> Fe*"and Ti* <> Ti*" ions pairs providing that there is an
oxygen deficiency in the samples i.e. SrLaFeTiOes. Oxygen deficiency is
reported by in SrLaMnTiOs.s by D. Alonso et al using the thermal gravimetric
analysis (TGA)[34].

Table 1: The fitting parameters which obtained using the equivalent circuits that shown in fig 7.
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Constant | Parameters SrLaFeTiOs SrLaFeos7MnossTiOs SrlLaFeo3sMnoerTiOs SrLaMnTiOs
Phase
element
R1 (Q) 3248.9 5390.1 8.99 37.024
P1 x10°° 10.16 0.61 - -
Grain nl 0.95 0.94 - -
(R1+CPE1) | C1 (nF) 5.90 0.27 - -
T 1(Sec) 19.17x106 14.55x107 - -
R2 (Q) 1.22x10° 43055 125.7 -
P2 x10°° 9.45 17.45 1.10 -
Grain n2 0.92 0.81 0.92 -
boundary | C2 (nF) 6.41 3.23 0.25 -
(R2+CPE2) | 1 2(Sec) 7.82x1073 13.91x10° 31.43x10° -
R3 (Q) 95.68 26198 138.99 456.14
P3 x10°° 0.57 0.72 0.00019642 0.001
n3 0.96 0.91 0.087 0.158
Electrode | C3 (nF) 0.28 0.25 0.006 190.93
(R3+CPE3) | 13(Sec) 26.79x10° 65.50x10°7 8.33x1010 87.09x10°®
Wsr2 1.87x10° 2.0 x10%4 2.0x101? -
Ws1 10.46 9.74 - -
Celec (NF) - - 1786.2 37.02
Electronic | Re (Q) - - 6.22 5.58
resistance

As mentioned above the inclusion of the Mn

ions alters the conduction

mechanism which should be reflected in the relaxation time of the conduction
mechanism. The Cole-Cole plot of SrLaFeos7Mno.33TiOs, Which shows two arcs,
as well as the phase shift angle, depicted in fig 5.c and 6.b respectively. The
complex shapes of the curves of the Cole-Cole plot and the 6 as a function of
frequency indicate that there are two different relaxation processes for the bulk
and grain boundary start separating. The arc lies on the higher frequency usually
corresponds to the grain effects. These data are fitted to the model which is
shown in fig 7.a. The values of the fitting parameters are given in table 1. In
comparison to the parameters of SrLaFeTiOe.5, the resistance of the grain

boundary is reduced by a factor of two orders of magnitudes while the resistance
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of the grain is increased slightly. Further, the relaxation time for both the grain
and the grain size effects are reduced where they are moving from the hopping
polarization domain to the dipolar polarization domain.

The values of 0, see fig 5.c are seen to vary from small values up to around 84°
i.e. the heat loss in SrLaFeos7Mno3sTiOs is increasing with frequency in a

different manner as compared to SrLaFeTiOs.5. The peaks observed in 6(f) of

SrLaFeTiOs.5 are found to smear out. Thus, the Debye relaxation is weakened
in the frequency range 20Hz-1MHz of the present measurements.

For the SrLaFeo.33Mnos7TiOs the situations of the z'-z" and &(f )plots, as seen

in fig 5.c and in fig 6.c, are different. Low values of Z'and Z"“are observed

while the values of () are found to be small and increase with frequency. In
SrlLaFeo 33Mno 67 TiOs the peak at low frequency for 0(f )is disappeared and only

one peak has appeared around 250 kHz which is not matching the frequency of
the peak of the z“(f) plot that falls around 440 kHz. Hence, the Debye

relaxation is still present.

Attempts to analyze the data using the same equivalent circuit shown in fig 7.b
are failed where the result of the fitting is not satisfactory and then the model
needs to be modified. The data are then modeled using the equivalent circuit
given in fig 7.b. Here, the contribution from the electronic conduction as
expressed by the resistor Re connected in parallel to the R-CPE’s loops is

included. The inclusion of the electronic contribution is inferred from the low

values of Z'and Z", and the value of t=10"° Sec which is comparable to that
of the electronic polarization. The results of the fitting parameters are given in

table 1. It can be observed in table 1, the relaxation time of the grain boundary
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effect continues to decrease and becomes within the neighboring limits of the

dipolar and atomic polarization domain.

The Z'-2" and 6(f )plots of SrLaMnTiOs.5 are shown in fig 5.d and in fig 6.d

respectively. The values of Z'and Z" are the lowest in the series of the studied
samples. In fig 6.d, the e(f) is found to increase without showing any peak
within the frequency range of the measurement, but a peak is observed at a
frequency around 750 kHz in the z"“(f) plot. Thus the Debye relaxation does

not disappear in this range. The data are fitted to the equivalent circuit shown in
fig 7.c. It must be noted here, that the best fitting is achieved without the
inclusion of the CPE1 and the Warburg elements.

The effect of replacing the Fe ion in SrLaFeTiOe.g5 by the Mn ions is found to
alter the dielectric behavior of the samples. As noted in the frequency
dependence of the real and the imaginary parts of the impedance of the samples,
the values of the resistance are found to decrease with Mn-doping. This signifies
that the mechanism of the transport process is changing. At the room
temperature, the conduction is transforming from insulating in SrLaFeTiOs.5 to
semiconducting or metallic in SrLaMnTiOs.5. Therefore, and as a
complementary tool for our present investigations, the temperature dependence
of the electrical resistance of SrLaFeTiOs.5 and SrLaMnTiOe.5 are measured
and shown in fig. 8. The electrical resistance of SrLaFeTiOs.5 is rapidly
increasing below 100 K indicating the typical behavior of the insulating
materials. While that of SrLaMnTiOs.5 shows a semiconductor-metal transition
at around 250K. This transition is reported by I. Alvarez et al[12] to be 210K.

The difference in the values of Tc may be related to the difference in the oxygen
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content in both samples where the sample of I. Alvarez et al is prepared by a
chemical method. This enhanced in conductivity may be explained by the Mn2*
< Mn® pairs exist to switch on the double exchange mechanism that usually
leads to a ferromagnetic metallic behavior [35]. Hence, this dc electrical
measurement supports the claim that the present samples are in the intermediate
doping of Mn may have mixed ionic-electronic conduction.

Generally speaking, the relaxation phenomena are associated with polarization
where at low frequency the dipoles tend to align themselves along the direction
of the electric field. At high frequencies the response of the dipoles to the rapid
field is slow; hence their contribution to the polarization becomes negligible
which leads to decrease of the real impedance with the increasing frequency[36].
In the lattice of the present double perovskites samples, the conduction

mechanism could be related to the electron hopping between two adjacent

octahedral sites and charge transfer might take place between Ti*" <> Ti*", Fe?*
— Fe** and Mn?* « Mn®" pairs. Generally, besides hopping, there is the
polarization effect that plays a role(s) in the conductivity response to the
frequency of double perovskites [37] where the applied electric field is known to
displace the hopping electrons along with its direction to a certain value of the
frequency. For the samples with low Mn concentration, the conduction may be
understood if the polarization effect and the motion of space charge due to the
inhomogeneous dielectric structure are considered[38]. With alternation of the
direction of the electric field, the space charge carriers will also reverse their
direction. At higher frequencies the time required for the reversal of the charge
space carriers will be insufficient, hence lags behind the reversal of the applied

field. With further increase in frequency, the space charge carriers will move
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before the field reverses and makes virtually no contribution to the polarization
of ionic double perovskites, hence the dielectric impedance of material
decreases dramatically. For the samples with high Mn concentration, the
conduction is governed by the double exchange mechanism where low
resistance values and metallic behavior are observed at low temperature in
SrLaMnTiOe.§.
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4. Conclusions

The structural and the electrical properties of the double perovskite compounds
SrLaFe1xMnxTiOe.5, (x=0, 0.33, 0.67 & 1.0) have been studied by means of X-
ray diffraction (XRD), the dielectric impedance measurements and supported by
dc- resistivity measurement. The phase purity and the crystal structures of these
compounds have been determined and confirmed by means of the standard
Rietveld refinement method using the FullProf suite. The best fitting results
showed that SrLaFeTiOs.s 1is orthorhombic with space group Pnma,
SrLaFeos7Mno33TiOs-5 and SrLaFeo33sMnos7TiOs-5 have a cubic structure with
space group Fm3m while SrLaMnTiOe.s is tetragonal with space group 1/4m.
The charge density maps obtained from these structures have indicated that
these compounds may have mixed ionic-electronic conduction. The dielectric
impedance measurements in the range from 20 Hz to 1MHz and their analysis
showed that there are more than one relaxation mechanisms. The data are found
to follow the Debye relaxation type. A decrease in the resistance is noted when
the Mn ions are introduced in the samples. The fall in the values of the electrical
resistance is related to the possible occurrence of the double exchange
mechanism among the Mn ions. This double exchange mechanism would take
place providing that there is oxygen deficiency in the samples. The occurrence
of the mixed ionic-electronic conduction and oxygen deficiency in these
compounds qualify them to be used as gas sensors and/or solid oxide fuel cells
(SOFC) materials. The dielectric impedance of SrLaFeo.67Mno33TiOe-5 is similar
to (La,Sr)(Co,Fe)Os.5 the MIEC model.
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