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Metal doped barium strontium titanate (BST; BagsSrosTixM;403) nanopowders have been
successfully synthesized through the oxalate precursor route based on low cost starting
materials. The effect of metal ion substitution namely; Fe®**, Mn?*, Co?" and Y3* on the crystal
structure, microstructure and optical, electrical, dielectric and magnetic properties of BST was
studied. The results revealed that well crystalline single cubic BST phase was formed for pure
and Mn?*, Co?" and Y*' ion substituted BST samples whereas tetragonal BST structure was
obtained for Fe®* substituted BST sample at annealing temperature 1000°C for 2h.
Furthermore, addition of the metal ions was found to decrease the crystallite size and unit cell
volume of the produced BST phase. The microstructure of the produced pure BST phase was
metal ion dependent. Most of BST particles were appeared as cubic like structure. The
transparency of BST was found to increase with metal substitution. Meanwhile, the band gap
energy was increased from 3.4 eV for pure BST to 3.8, 4.1, 4.2 and 4.3 eV as the result of
substitution by Fe®*, Mn?* and Co?" and Y** ions, respectively. The DC resistivity was metal
ion dependent. The highest DC resistivity (p = 66.60 x 10° Q. cm) was accomplished with

Mn?* ion.

Moreover, the addition of metals ion was decreased the dielectric properties

expected Mn?" jon and increased the magnetic properties.

A. Introduction

Generally, ABO; is a perovskite structure which their
corner structure shares in BO6 octahedron. The A-site cations
occupy in 12-fold coordination site that is in the middle of
polyhedral structure. The A- and B-sites generally are a rare earth
and a transition metal cation, respectively. Among then,
(Bag5Sros)TiO3 powders (BST) is one of the well known attractive
perovskite materials with unique properties i.e. high dielectric
constant, good chemical and thermal stability, low dielectric losses
and low current leakage. Due to such desirable properties, BST
ceramics have been widely used in various applications such as
dynamic random, access memory, ceramic capacitors, pyroelectric
sensors, infrared detectors, chemical sensor, biosensor, microwave
devices and optoelectronic applications.® Furthermore, it is widely
used in microelectronic mechanical system (MSMS) applications
due to the ferroelectric characteristics.®*

The properties of BST can easily be modified by addition of
materials that form solid solutions in the perovskite structure. The
first additive used are the isovalent ones, i.e. Pb%*, Sr¥*, Ti**, Ca®*
and Zr*" which are replaced partially on both A and B site with the
same chemical valence and similar ionic radii as those of the
replaced ions. The major effect of such isovalent additives is
lowering of the Curie temperature and dielectric loss, giving
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enhanced permittivity (higher dielectric constant).g'10 Various wet-
chemical methods have been reported for the preparation of BST
powders including co-precipitation, organic compound method, sol
gel process, hydrothermal method.*™*® Among these methods, there
are two main ways for the generation of BST powders. One is the
direct synthesis of BST powders under the hydrothermal conditions
(dissolution and re-crystallization) by using the conventional
materials.® The second important way for the preparation of BST
powders is via the precipitation of a molecular precursor namely,
barium strontium titanyl oxalate (BSTO), pyrolysis of which at an
elevated temperature to produce BST powders.?® It is well known
that some dopants are able to modify and improve the properties of
dielectric materials, including BST. According to the previous
investigations, 2% the optical and electrical properties (dielectric
constant, dielectric loss) of BST powders are affected by the
synthesis processes, microstructure, and the type of dopant.
Particularly, The acceptor substitution with lower positive valence
ions replace metal ions with a higher positive valence oxygen
vacancies are created in the lattice occupy the B site in the ABO;
perovskite structure is acceptor substitution. Different dopants such
as Fe®*, Fe*, Co®*, Co**, Mn?, Mn*", Ni#*, Mg%, AI**, Ga*, In**,
Cr¥ and Sc* are used.?®*?® The advantages of acceptor substitution
are that they lead to lower dielectric constant, lower dielectric loss,
higher coercive field, lower resistivity and inhibited grain growth®
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% Furthermore, the donor additives by Bi** and rare earth elements
occupy A-site to increase dielectric constant and the dielectric loss

and lowering the Curie temperature®®. Nevertheless, although the
positive effect of doping for the BST is rather clear, the
investigations made before involved only few types of dopants.
Therefore, the previous work does not enough provide information
to improve the characteristics of the BST powders for the
applications in tunable microwave and electro-optics devices.
Herein, barium strontium titanate was successfully synthesized
through oxalate precursor method based on low cost starting
materials using titanium oxide as the source of Ti** ion instead of
expensive Ti alkoxides materials. Meanwhile, effects of Fe*, Mn?*,
Co%, and Y* substituted BST on the crystal structure, crystallite
size, microstructure, optical properties, electrical resistivity and
magnetic properties were also investigated.

B. Materials and methods

1. Materials

Pure and doped barium strontium titanate nanopowders were
synthesized through oxalate precursor method according to the
empirical formula (BagsSros) TiosMg 205 (M=Fe** Mn®*, Co?")
in the case of acceptor dopants and the empirical formula
(Bag5Sros)nY1nTiO3 (N=Y?") in case of donor dopants. All the
chemicals used in this study such as barium nitrate Ba(NO3),,
Sr(NOs3), (98.6%, BDH Chemical Ltd), Titanium dioxide TiO,
(Fluka> 99.8% purity), Fe(NO3).9H,0 (prolabonorma pour
analysis made from France), Mn(NOs), (BDH laboratory
suppliers made in England), CoCl,.6H,O (Acros Organics
USA), Y(NO3);.6H,0 (Sigma Aldrich), oxalic acid as source of
organic acid (organic 90%, El Nasr Chemical Co.) were of
analytical grade. Deionized water was used in the whole work.

2. Fabrication Procedures

Barium strontium titanate (BST) nanopowders were prepared
using aqueous solutions of barium nitrate Ba(NOj3), and
Sr(NO,), with molar ratios of 0.5 Ba?* and 0.5 Sr?*. The metal
doping molar ratios are 0.2 for all samples. A certain amount of
oxalic acid related to stoichiometric ratios of (Ba®*, Sr**) and
Ti*? was added to the solution. The solution was stirred and
evaporated at 80°C till a clear, viscous gel was obtained, and
then dried at 110 °C for 24 h. The dry precursors were heated at
a rate of 10 °C/min in static air at maximum temperatures of
1000°C during 2 h. The produced barium strontium titanate was
evaluated by means of several characterizing tools.

3. Chemical and physical characterization

X-ray powder diffraction (XRD) was carried out on a model
Bruker AXS diffractometer (D8-ADVANCE Germany) with
Cu Ka (A = 1.54056 A) radiation, operating at 40 kV and 40
mA. The diffraction data were recorded for 26 values between
10° and 80° and the scanning rate was 3 min ! (0.02°/0.4 s).
Scanning electron microscopy was investigated by a SEM
(JEOL-JSM-5410 Japan). The UV-vis absorption spectrum was
measured by UV-VIS-NIR-scanning spectrophotometer (jasco-
V-570 spectrophotometer Japan) using a 1 cm path length
quartz cell. The spectrum obtained for the barium strontium
titanate nanostructures which ultrasonicated in deionized water
to yield homogeneous dispersion pure distilled water solution
used as a blank. An electrometer and DC power supply
(Agilent-4339B, USA) were used for electrical resistivity
measurement for the experimental studies. The DC resistivity is
given by
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p=" Equation (1)
Where R is the resistance ,A is the area of the disc and L is the
thickness of the disc. The method used for the DC resistivity
measurement is two contact methods. A constant DC voltage
(V) of about 1.5 V was applied from a battery across the
sample. Dielectric properties were measured using a network
impedance analyzer (Agilent-E4991A, USA) that is responsible
for the generation and reception of a signal in the frequency
range of 1 MHz to 3 GHz. In fact, the full dielectric constant
contains a real part and a image part:

e=¢"+ je' Equation (2)

The loss tangent tand is proportional to the dielectric loss, it means
the EM energy is converted to heat energy because of the dielectric
are lost. The dissipation loss means the radiation of energy when EM
is propagating, because the microstrip line is an open structure.

en

Tand = —- Equation (3)

The loss tangent is defined as well by the tangent of the difference
of the phase angle between capacitor voltage and capacitor current
with respect to the theoretical 90 degree value anticipated, this
difference being caused by the dielectric losses within the capacitor.
The value 6 (Greek letter delta) is also known as the loss angle.

Tan§ = DF =~ = 58
Q Xc

Equation (4)
Where 6 = loss angle (Greek letter delta), DF = Dissipation factor
Q = quality factor, ESR = equivalent series resistance and

Xc = reactance of the capacitor in ohms.

C. Results and discussion

1. Synthesis metal doped BST nanopowders

Figure 1 shows the XRD patterns of Bag5SrgsTi;M,O3 (where M=
Fe, Co, Mn, and Y) with metal concentration equal to 0.2 M
synthesized through oxalate precursor method annealed at 1000°C
for 2h. In the case of Fe*® doping, it is clear that no impurity iron
oxide phase was matched in the Bay sSr 5 Tiy.«FexO3 (BSTF) patterns.
Meanwhile, well defined tetragonal prevoskite phase can be
deduced, with higher intensity without any detectable secondary
cubic phase in BSTF patterns. The XRD peak at 20 = 46° shows
splitting for BSTF which indicates a tetragonal structure. It is
evident that reflection peaks at 20 =22.05, 31.6, 39.2, 45.9, 50.9,
56.2, 66.8, 71.3 and 76.5° belonging to (100), (110), (111), (002),
(210), (211), (220), (212), (310) and (311) diffraction planes of
tetragonal phase were ascribed, respectively. Furthermore, no extra
lines corresponding to the residual carbonates phases, such as
BaCOQ;, SrCO; and (Ba,Sr)CO3; were observed in Figure 1 resulting
from the reaction of BaO with atmospheric CO, and the burn-out of
organic materials or as a result of incomplete calcination. Otherwise,
the XRD profile of BaysSrysTii.xCoxO; (BSTC) powders
substituted with 0.2 molar ratio of Co®* ion are evinced in Figure 1.
One can be note that cubic perovskite structure affined to
paraelectric phase BST was exhibited. Besides, Co?* ion doping had
resulted in a very small increase of the in-plane (a-plane) lattice
parameter whereas the variations in the out-of-plane (c-plane) lattice
parameter are negligible (Table 1).2"%
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Figure 1. XRD patterns of produced pure BST and BST with
different metal ions substitution (Fe**, Mn?*, Co%*and Y%
annealed at 1000°C for 2 h

Furthermore, the crystal structure for Mn%* ion substituted
BagsSrosTii«Mn,O; (BSTM) elucidated that the diffraction planes
(100), (110), (111), (200), (210) and (211) related to cubic BST
perovskite phase were confirmed. It is well known that the Mn?*
ionic radius (0.8 A) was smaller than those of Ba*"(1.35 A ) and Sr**
(1.13 A) ions and it was larger than that of Ti**(0.61A) ion. Hence,
increasing the lattice parameter (a) of BSTM sample demonstrated
that Ti** ion was replaced by Mn*" at the B-sites (Table 1).%>*

Table 1. The structure parameters of pure and metal substituted BST
samples

Lattice parameter

Metal ions C_rystallite A) Unit cell
doped size (nm) a volume (A%)
BST 36.4 3.945 - 61.40
BSTF 33.8 3.889 3.920 59.29
BSTC 31.1 3.939 - 61.12
BSTM 27.2 3.889 - 58.82
BSTY 28.6 3.917 - 60.09

Of note, the diffraction pattern of Y*' ion substituted (Ba-Sr),.
2YnTi;O3 (BSTY) where n=0.2 was assigned to cubic perovskite
BST. Indeed, the diffraction planes (100), (110), (200) and (211)
were referred to cubic BST structure. There are no reflections
belonging to Y,03 phase. It is worth mentioning in this context that
Y3* jon can mainly substitute A site (Ba?*, Sr**) ions and B site
(Ti*") ion when the concentration was increased from 0.1 to 0.2 mol
%. , leading to the shifting of the (110) peak to a higher angle, i.e. a
decrease in lattice spacing (Table 1). Furthermore, the increasing of
Y3 concentration from 1.0 to 1.2 mol %, led to the perovskite lattice
to slightly expand. The results are imputed to the radius of Y** (0.93
A) near to those of Sr?* and Ba?" ions. Besides, it is known that Ti*
in 6 coordinates are 0.161, 0.144 and 0.061 nm, whereas Y** in 12
and 6 coordinates are 0.106 and 0.086 nm, respectively. Therefore,
in terms of size, Y®* ion can occupy either the A or B site in BST
solid solution, and the crystal lattice parameter of the samples will be
changed. ¥

This journal is © The Royal Society of Chemistry 2012
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Figure 2. FT-IR spectra of BST doped with acceptor and donor
metals at oxalic acid molar ratio of 1 and annealed at 1000°C
for2h

Figure 3. FE-SEM images of the produced pure BST and metal
doped BST powders (a) Fe*3, (b) Co*™2, (c) Mn*?, (d) Y*® and (e) pure
BST
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Figure 2 depicts the FT-IR spectrum of the metal doped BST
powders annealed at 1000°C for 2h. The main bands characteristic of
the oxygen—metal bond were assigned in the region 450-640 cm".
Due to the absence of a C=0 vibration around 1450 cm™’, it can be
addressed that the powders were carbonate free. This result is
satisfactory from a technological point of view since the electrical
properties are dependent on the quality of the raw powders used to
sinter the ceramic.®® Besides, a vibration band associated to the
deformation of O-H bonds near 1680 cm™! was observed due to the
water adsorbed at the powder surface when the sample was in
contact with the environment. Additionally, Furthermore, the bands
corresponding to 3400 cm*and 1420 cm™* were represented the
stretching and bending vibrations of H-O-H and indicated the
presence of free or absorbed water the absorption bands whereas the
band at 570 cm™' corresponding to Ti-O stretching vibrations, was
evidenced in the spectrum.®®%’

Fig.3 presents scanning electron microscope images which reveal
the morphology and the size of pure, 0.2 molar ratio of Fe**, Co®,
Mn?" and Y** substituted BST samples, respectively. It is clear that
the grain size of BST particles was decreased with metal substitution
in compared with pure BST sample. Indeed, the grain size of the
powder was ranged from 50 to 200 nm. Otherwise, the grain size of
Y*2 doped BST sample showed the lowest grain size compared with
the other substituted metals. Meanwhile, most of the formed BST
samples were in uniform microstructure with highly agglomeration.
Moreover, one can note that the all metals substituted BST particles
were exhibited cubic-like structure expected Fe** substituted BST
with unclear microstructure. Table 2 represents EDX analysis of
pure and metal doped BST samples. It can be seen that chemical
analysis of pure and metal doped BST samples were consistent with
the structure. The peaks positions of Fe?*, Co?*, Mn?* and Y were
detected with the peaks of Ba?", Sr?*, Ti** and O%. The atomic
weight, % of the formed compounds was related to the substituted
molar ratio of the doped metal ion.*®

Table 2. Energy-dispersive X-ray spectroscopy (EDX) analysis of
metal doped BST prepared by oxalic acid precursor method annealed
at 1000°C for 2h

Element weight %

Sample ID Ba Sr Ti O Fe Mn Co Y

BST 21.66 30.85 9.44 38.05

BSTF 30.94 17.09 13.71 32.34 5.92

BSTM 2241 25.67 16.01 30.62 5.29

BSTC 32.00 17.09 15.69 30.05 5.17
BSTY 2567 2041 21.00 28.48 4.44

2. Optical properties

The optical constants of BST nanopowders are highly influenced
by the structure, the composition and the fabrication method. To
determine the optical parameters, the optical transmittance spectrums
of the metal doped BST samples have been recorded in the
wavelength range 200-800 nm as shown in Figure 4. The
transmittance of metal doped BST samples was higher than the
undoped BST sample. The transmittance percentage was
accomplished ~ 88% with Y*' substituted BST sample whereas the
transmittance of pure BST was exceeded only 45%. In the optical
absorption-related experiments, it is well known that the
fundamental absorption refers to the valence band (VB)-to-
conduction band (CB) transition, from which the band gap energy
(Eg) can be estimated by assuming a direct transition between the
bands. From UV-Vis transmittance spectrum, the band-gap of BST
nanopowders can be calculated with the following equations:

4| J. Name., 2012, 00, 1-3

I =l,xe™% (Equation 5)

(ahv)" = A(hv — Ey) (Equation 6)

In equation 5, | is the intensity of the transmitted light, 1, is the
intensity of the incident light, t is the thickness of covet and o is the
absorption coefficient. In equation 6, hv represents the photon
energy, Eg is the band-gap energy and A is a constant while n
depends on the nature of the band-gap (n = 1/3 for indirect forbidden
transition, n = 1/2 for indirect allowed transition, n = 2/3 for direct
forbidden transition, and n = 2 for direct allowed transition). The
intercept of a (chv)" versus hv plot determines the band-gap of the
materials.*® %
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Figure 4. UV-visible transmittance spectrum (T %) of metal doped
BST nanopowders synthesized using oxalate precursor route
annealed at 1000°C for 2h

Table 3.The value of band gap energy for pure and metal doped
BST samples

Sample ID Band gap energy value (eV)
BST 3.4
BSTF 3.8
BSTC 4.1
BSTM 4.2
BSTY 4.3

Table 3 deduced the band gap energy values for pure and metal
doped BST. It can be seen that the band gap energy was increased
with addition of metal concentration. Hence, the band gap energy
was increased from 3.4 eV for pure BST to 3.8, 4.1, 4.2 and 4.3 eV
for BSTF, BSTC, BSTM and BSTY samples, respectively. This
elucidated that doping metals caused the compressive stress
relaxation in the BST samples. Such peak shift is usually
compensated by the grain size effect as the results of a combination
of quantum-size effect in small grains, existence of amorphous
phase, as well as biaxial stress in the BST samples.*”’ Cavalcante et
al ** indicated that the increasing in the band energy gap with doped
metals can be related to the degree of structural order—disorder in the
lattice. Therefore, the increase of structural organization in the BST
films leads to a reduction of the intermediary energy levels and
consequently increases the Eg values. These intermediary energy
levels are localized below the conduction band. Wang et al *
showed that the variation of the band gap energy is mostly likely
predominantly due to the change in electronic structure associated
with the larger lattice parameter and perhaps some variations in

This journal is © The Royal Society of Chemistry 2012
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atomic co-ordination. The packing density, the oxygen deficiency
and the grain size should play an important role on the optical
properties. The results, e. g. the dependence of the optical band-gap
energies on the grain size, were discussed in details by several
authors. Thielsch et al *® analyzed the laser-deposited BST thin films
on MgO (001), who found that films with smaller crystallite
exhibited larger band-gap energies than those with larger grains. All
the above results show that the optical properties of BagsSrysTiO3
powders are easily controlled, which indicates BST samples are a
promising candidate for electro-optic applications.**

3. DC Resistivity

Table 4 lists the change of DC resistivity with different metal
doped BST. The results evinced that the DC resistivity was
decreased with metal doped BST expected Mn?* ion. It is clear that
the lowest DC resistivity (78.93 x 10°Q.cm) was achieved with 0.2
Fe** ratios due to the phase transformation of BST from cubic to
tetragonal structure. However, the DC resistivity was also decreased
with Co®" and Y*' substituted BST samples compared with pure
BST. The results are attributed to the increasing of the pores and the
decreasing of the grain size and the packing density of the formed
metal doped BST samples. The highest DC resistivity was reached
for Mn?* ion substituted BST sample. The Mn incorporated in the
oxygen octahedron of the BST unit cell was in a more centered
position than Ti. Thus, the increasing of the resistivity of Mn doped
BST sample was related to mismatch of the oxidation state between
Mn**/Mn** by replacing Ti** ion. Because Mn®" and Mn** are more
reducible than the Ti, the electrons were trapped at these sites.
Consequently, the hopping motion of the trapped electrons from one
Mn site to another was almost prohibited. Furthermore, the
increasing of electrical resistivity was most likely due to the
combination of Mn-O-Mn network strain and scattering by the
random potential introduced by Mn substitution®*,

Table 4.Variation of the valuable of DC resistivity with different
metal doped BST

Sample ID p (Q.cm)

BST 54.10x10°
BSTF 78.93x10°
BSTM 66.60x10°
BSTC 28.71x10%
BSTY 21.10x10*

4. Dielectric properties

Table 5. Summary of real and imaginary permittivity parts
measurements of BST with different compositions at gigahertz
frequency and room temperature

Dielectric parameters

BST composition €' g" Tan 8
BST 144.5 245.38 0.588
BSTF 65.6 115.78 0.566
BSTC 68.8 193.33 0.355
BSTM 152 281.44 0.540
BSTY 114 195.06 0.584

Figure 5 depicts the variation in the real and imaginary
permittivity parts and the dielectric loss (loss tangent) of the metal
doping BagsSrosM,Tii O3 (M = Fe¥*, Mn%, Co?") where (X=0.2)
and donor doping (BagsSros)inYanTiO; as the function of the
frequency at room temperature from 1 MHz to 3 GHz. It was
noticeable that the specimens were decreased with the metal addition

This journal is © The Royal Society of Chemistry 2012
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expected Mn2*. For the acceptor doping, this phenomenon was due
to the occupation of Ti** sites by these ions (Fe**, Mn%, and Co%").
The substitution might produce oxygen vacancies, which lead to a
‘break’ of the cooperative vibration of Ti—O chains and bring about a
decrease in the c/a ratio. This ‘break’ is responsible for the lower Tc
of the doped BST *** at room temperature. The loss tangent of all
the doped samples was increased compared with that of the pure
BST when measured at low frequency (1 MHz), especially the Y*3
doped sample, as shown in Table 5. This may be attributed to the
Y** occupation of the Ba®*/Sr?* site which probably increased the
conductivity of the specimen. Because the donor impurity center
bears an effective positive charge relative to the ideal lattice of the
host oxide, and required charge compensation by a species having an
effective negative charge, e.g., a cation vacancy or an electron, so
this increases the free carriers of the specimen and increases the loss
tangent.** *° Furthermore, it is clear that the dielectric loss (loss
tangent) of these specimens was increased much compared to that
observed. This is probably as the result of the dielectric relaxation
and phonon interaction with defect in these specimens. The loss
tangent data at 1 GHz between the doped and the undoped samples
was not varied much and the loss tangent of the metals doped
decreases slightly than the pure BST.*
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Figure 5. The relation between the (a) real part of permittivity (b)
imaginary part permittivity. (c) The loss factor of tan & with

frequency for BST samples pure and metal ion substituted prepared
by oxalic acid precursor route.
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5. Magnetic properties

Figure 6 depicts magnetic hysteresis loops of pure and metal
doped BaysSrosTixM;.,O3 (BSTM) (where x = 0.0 and 0.2). The
magnetic properties of materials are usually characterized by a
hysteresis loop, which gives the behavior of materials when excited
by an external magnetic field. From the graphs, it is noted that when
BST doped with other metal exhibit a typical magnetic hysteresis at
room temperature, indicating that the BST materials are
magnetically ordered. The magnetization measurements reveal that
all metals atom are dissolved in BaysSresTiO; host lattice with no
impurities such as metallic iron and iron oxides existing in the
samples. It can be seen that the Fe®" substituted BST exhibits weak
ferrimagnetic characteristics with high coercive force extending
3636 Oe and saturation magnetization (Ms= 0.284 emu/g) which
imputed to the Fe** atom occupying the B site. Furthermore, the
improved in magnetic properties were related to the decreasing in the
grain size by Fe substitution. Otherwise, the BSTC (Ms=0.05 emu/g)
and BSTM (Ms=0.0435 emu/g) have weak ferromagnetic
characteristics which attributed to the magnetic moments come from
Co?" and Mn*" distributed over the pentahedral and octahedral site of
Ti** ion.* It is worth mentioning in this context to the fact that that
magnetism in ceramic oxides nanopowders arises from vacancies.
From Table 6, the oxygen vacancies for BSTF, BSTC and BSTM
was increased by substitution with different transition elements,
respectively, as a result of different ionic radius, where Fe**, Co®*
and Mn* ions mainly acts as an acceptor to replace Ti in the B-site,
leading to the further ionization of Fe**, Co?* and Mn?* ions and the
appearance of lattice defects and vacancies, which are favorable for
increasing the magnetization in ceramics materials*®. Therefore, the
super exchange interactions between metal ions in different
occupational sites with oxygen vacancies are expected to produce
the observed ferromagnetism. However, the antiferromagnetic
characteristics of A-site Y3* doping BST may be related to the
oxygen deficiency induced by change the valence from Ti** to Ti®*
and the formed the charge imbalance in the lattice.*
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Figure 6. Room-temperature M—H hysteresis loops of the pure and
metal ion doped BST samples synthesized via oxalate precursor
route and annealed at 1000°C for 2 h
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Table 6. The magnetic properties of pure and metal ions substituted
BST synthesized via oxalate precursor route annealed at 1000°C for
2h

Magnetic parameters

Composition Ms (emu/g) Mr (emu/g) Hc (Oe) Mass (gm)
BST 0.007 0.0004 83.07 0.096
BSTF 0.284 0.1178 3636.0  0.095
BSTC 0.057 0.0003 77.04 0.093
BSTM 0.044 0.0011 2335 0.098
BSTY 0.007 0.0022 4147.0  0.093
Conclusions

In summary, the acceptor (Fe**,Mn?*,Co?") and donor Y** doped
Bay sSrysTiO3; nanopowders have been synthesized using oxalate
precursor method based on low cost starting materials. The obtained
materials were fully characterized. The results demonstrated that all
the substituted metals have a strong effect on the grain size and the
optical, electrical, dielectric and magnetic properties of the formed
BST samples. XRD patterns revealed that well crystalline single
cubic BST phase was formed for pure and Mn?*, Co?* and Y®* ion
substituted BST samples whereas tetragonal BST structure was
obtained for Fe3" substituted BST sample at annealing temperature
1000°C for 2h. FESEM images showed that the studied samples
exhibited regular cubic like structure expected Fe** doped BST
sample which displayed unclear microstructure. A highly
transparent Y doped BST sample with a transmittance of ~ 88% in
the visible region was evinced. The band gap energy was increased
with metal substitution. Consequently, the band gap energy was
increased from 3.4 eV for pure BST t0 3.8, 4.1, 4.2 and 4.3 eV as the
result of substitution by Fe®, Mn?" and Co®* and Y*' ions,
respectively. Otherwise, the resistivity was reached 66.60 x 10°
Q.cm for the Mn doped BST sample. The variation in the relative
real and imaginary parts of permittivity and the loss tangent as a
function of the frequency at room temperature indicated the
decreasing with doped metals expected Mn2+ ion compared with
pure BST. Moreover, it can be seen that the Fe®* substituted BST
exhibits weak ferrimagnetic characteristics with high coercive force
extending 3.6 kOe and saturation magnetization (Ms= 0.284 emu/g)
which imputed to the Fe®" atom occupying the B site. However, the
Co?* and Mn* ion substituted BST have weak ferromagnetic
characteristics which attributed to the magnetic moments come from
(3(31Z+ and Mn?* distributed over the pentahedral and octahedral site of
Ti** ion.
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