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ABSTRACT

A low-cost, green and reproducible stearic acid assisted synthesis of nanocrystalline powder of (AgosFeos)TiOs (nN-AFT) is
reported. X-ray, FTIR, energy dispersive X-ray and transmission electron microscopy analyses are performed to ascertain the
formation of n-AFT. Rietveld refinement of X-ray data indicated the formation of a single-phase monoclinic structure.
Individual nanoparticles almost spherical in shape having the sizes of 5-14 nm are found. The mechanism of nanotransformation
for the soft-chemical synthesis of n-AFT has been explained using nucleation and growth theory. UV-visible study revealed the
surface plasmon resonance at 318 nm. Dielectric study revealed a low value of dielectric constant (= 177) and dielectric loss (=
0.013) at 1 kHz. Magnetic studies have been carried out using vibration sample magnetometer, which indicated the possibility
of magnetoelectric coupling. Copyright © 2014 VBRI press.
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Introduction

Materials belonging to the perovskite ABOs-type structure
have attracted widespread scientific and technological
interest over the past few decades [1, 2]. Lead-bearing
compounds such as -  PbTiOs;,  Pb(Zr,Ti)Os,
Pb(MgysNb,3)Os, etc. are widely used for capacitor,
pyroelectric and piezoelectric applications. The searches
for alternative environment friendly lead-free materials, for
such applications have become the focal theme of present
day’s research [3-9]. Among them sodium bismuth titanate,
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(NagsBigs)TiO;z is considered to be an excellent candidate
as a key material of lead-free piezoelectric ceramic, which
shows strong ferroelectric properties. Recent works on the
identical compound (AgysBigs)TiOs also showed excellent
electrical properties [10, 11]. During the past few years,
several investigations have been made to study the
electrical properties of (AggsBios)TiOs—based solid
solutions for their possible applications in electronic
devices [12-15]. One such materials in this series is
perovskite (AgosFeos)TiOs. The material is mechanically
tough and lead-free, ensure environment-friendly
applications. Also, it is expected that this compound may
show magnetoelectric effect due to the iron-content.

An extensive literature survey indicated that no attempt,
to the authors’ knowledge, has so far been made to study
the  nanocrystalline  powder of  (AgosFegs)TiOs.
Accordingly, the present work reports the structural (X-ray

and its Rietveld analysis), transmission electron
microscopy, Fourier transformed infrared, UV-Vis,
dielectricc and magnetic studies of nanocrystalline

(AgosFegs)TiOs (abbreviated hereafter n-AFT). Also the
mechanism of nanotransformation for the soft-chemical
synthesis of n-AFT has been explained using nucleation
and growth theory.

Experimental
Synthesis of nanocrystalline (AgosFeqs)TiOs powder

A stearic acid gel method was used to prepare
(AgosFeos)TiO; powder. Steric acid was dissolved into
deionized water and the value of the pH of the solution was
adjusted to 7-9 by adding the appropriate amount of
ammonia solution. Titanium (IV) n-Butoxide (Across,
USA) was to this solution which was vigorously stirred and
heated at about 70°C for 1 h on a hot plate. This solution
was then added with aqueous solutions of AgNO; (Merck,
Germany) (40%) and Fe(NOs)s (Across, USA) (50%) and
stirred at 80°C for 2 h. Further, the precursor solution was
dehydrated at 100°C to form a sol. Subsequent heating at a
higher temperature of 160°C yielded a gel. The gel initially
started to swell and filled the beaker producing a foamy
precursor. The gel was pulverized and then heated at 300°C
for 2 h in air to get carbonaceous mass. Finally
carbonaceous mass were calcined at 700°C for 5 h.
Completion of the reaction and formation of the desired
compound were checked by X-ray diffraction technique.
The as-calcined powder was compacted into thin (~1.5
mm) cylindrical disks with an applied uniaxial pressure of
650 MPa. The pellets were then sintered in air atmosphere
at 750°C for 3 h in alumina crucible.

Characterization

X-ray diffraction (XRD) data of n-AFT were obtained
using an X-ray diffractometer (XPERT-PRO, PW3050/60)
with CuK, radiation (A = 1.5406A) between the angles 20°
and 80°. Full Prof 2012 software was used to find the
dimensions of unit cell, hkl values and space group using
the TREOR program. TEM micrographs and energy
dispersive X-ray (EDX) pattern were obtained using High
resolution Bruker transmission electron microscope. The
Fourier Transformed Infrared (FTIR) spectrum of n-AFT
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was collected in the transmission mode using an Alpha-T
Bruker FTIR spectrophotometer in the range of 400-4000
cm™. The absorption spectrum was obtained by a computer
interfaced UV-visible spectrophotometer (DR 5000, Hach,
Germany). A sintered pellet was polished and electroded
with air-drying silver paste (SPI supplier, USA) to measure
the electrical properties. Dielectric measurement was
carried out using a computer-interfaced LCR Hi-Tester
(HIOKI 3532-50, Japan). Magnetization behavior was
studied by Vibrating sample magnetometer (PAR-155).

Results and discussion

Rietveld refinement of the XRD data of n-AFT was carried
out, selecting the space group P2/m. The XRD (observed,
calculated and difference XRD profiles) pattern of n-AFT
synthesized using stearic acid gel method is presented in
Fig. 1. It can be seen that the profiles for observed and
calculated one are perfectly matching (> = 0.887). The
profile fitting procedure adopted was minimizing the »?
function. The XRD analyses indicated that n-AFT has a
monoclinic unit cell. The crystal data and refinement
factors of n-AFT obtained from XRD data are depicted in
Table 1. Further, the XRD patterns showed the presence of
broad peaks which may be due the nanosizing effect in n-
AFT.
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Fig. 1. Rietveld refined XRD pattern of nanocrystalline powder of
(Ago.sFeos)TiOs in space group P2/m. Symbols represent observed data
points and solid lines their Rietveld fit.

Fig. 2 shows the EDX pattern and TEM image (inset) of
n-AFT. All the peaks in the EDX pattern have perfectly
assigned to the elements present in (AgosFeos)TiOs. This
clearly indicated the successful synthesis and purity of
chemical composition of n-AFT. The TEM micrographs
clearly illustrate individual nanoparticles which are almost
spherical in shape having the sizes between 5-14 nm. The
difference in size may possibly be due to the agglomeration
of individual nanoparticles. This clearly indicates the
formation of nanocrystalline AFT. Present
nanotransformation mechanism could be understood using
the nucleation and growth theory to form a spherical
particle. According to which the overall free energy change
(AG) must be overcome. AG is the indicative of sum of the
free energy due to the formation of a new volume and the
free energy due to the new surface created:
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AG =2’k TIn(S) + 4ar’y

where V, r, kg, S and y are the molecular volume of the
prepared species, radius of the nucleus, Boltzmann
constant, saturation ratio and surface free energy per unit
surface area, respectively. It follows from equation that a
decrease in y or an increase in S is helpful in the formation
of nanoparticles (n-AFT, in this case). In the present soft-
chemical method, the interactions of steric acid with Ag®,
Fe** and Ti*" ions in stoichiometric ratio made it possible to
lower down the surface energy. Therefore, the effect of
such soft-chemical ambiance could have made the reaction
to occur more easily.

Table 1. The crystal data and refinement factors of nanocrystalline
(Ado.sFeo5)TiOs powder obtained from X-ray powder diffraction data.

Crystallographic data Description of parameters:

Formula (AgsFeys)TiO3 Ry (profile factor) = 100[Zly;-YiclZIyill,
Crystal System Monoclinic where y; is the observed intensity and
Space group (No.) P2/m (10) Yic is the calculated intensity at the i
a(A) 6.9548 step.

b (A) 3.1982 Rup (weighted profile factor) =
c(A) 41034 100[ZoilyiYicP/Zwi(y) Y2, where and
A0 91.5840 is variance of the observation.

V(A3 91.2368 Rexp (expected weighted profile factor)
Data collection 24.0 = 100[(n-p)/Zai(y;)?1*2, where n and p
Temperature (°C) 1.5406 are the number of profile points and
Wavelength [CuK,] (A) Graphite refined parameters, respectively.
Monochromator 35<26<80 Rs (Bragg factor) = 100[Z|lgps

Measuring range (°) 0.02
Step (°26) 30 integrated intensity and I is the
Integration time (s) FULLPROF calculated integrated intensity.

Rietveld data Polynomial 5-order ~ Re (crystallographic R factor) =

Leaicl/Zllops], Where gy is the observed

Program Pseudo-Voigt 100[Z|Fops-FearcZ|Fons[], where F is the
Function for background level ~ 32.3 structure factor, F = \(I/L), where L is
Function for peak shape 40.8 Lorentz polarization factor.

Ro 433 2= Zoilyiryi)

Rup 257 d  (Durbin-Watson  statistics) =
Rexp 117 Z{[0iYie)-oiVirYie )] Zloilyr
Rs 0.887 Yie) I

Re 0.0739 Qp =expected d.

7 1.9223 S (goodness of fit) = (Rup/Rexp)-

d 0.9423
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Fig. 2. EDX spectrum and TEM image (inset) of nanocrystalline
(AgosFeos)TiOz powder.

FTIR analysis was used to characterize the synthesized
n-AFT (Fig. 3). The FTIR spectrum exhibits a prominent
fundamental absorption band at 520 cm™, which is due to
Ti-O vibration. The peaks around 873 cm™ and 650 cm™
are attributed to stretching metal-oxygen bond. Multiple
peaks (A-O absorption bands) in the frequency region 900-
1640 cm™ are due to the presence of Ag-O and Fe-O
vibrations. Further, a broad and strong peak can easily be
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seen around 3435 cm™ which are due to free water
molecules (H,O bands) and strong stretching
(antisymmetric and symmetric) modes of the OH group. No
other band appeared in the FTIR spectrum clearly revealed
the formation of (AggsFeqs)TiO;z after calcination at 700°C.
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Fig. 3. FTIR spectrum of nanocrystalline (Ago.sFeos)TiO3 powder.

Fig. 4 shows the UV-vis spectrum recorded for n-AFT.
The surface plasmon resonance was observed at 318 nm.
Also, the plasmon bands are broadened with an absorption
tail in the longer wavelengths, which may be due to the size
distribution of the particles. This supports the distribution
of particle sizes observed in TEM micrograph (inset Fig.
2).
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Fig. 4. UV-vis spectrum of nanocrystalline (AgosFeo.s) TiO3 powder.

Fig. 5 shows the variation of dielectric constant (&) and
loss tangent (tano) with temperature at 1 kHz. It is observed
that both & and tand increases with increment in
temperature in the investigated temperature range. The
room temperature values of ¢ and tand are, respectively,
found to be 177 and 0.013 at 1 kHz. Since the observation
was made for only in a limited range of temperature
dielectric anomaly could not be observed as similar
material {e.g. (AgysBios)TiOs} has high phase transition
temperature (~800 K) [7]. It can also be noted that the
value of tans are of the order of 107 in the working
temperature range (up to 100°C). The low tané of this kind
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can be advantageous when improved detectivity
(pyroelectric applications) is required.
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Fig. 5. Temperature dependence of dielectric constant and loss tangent of
(AgosFeos)TiOs ceramic pellet at 1 kHz.

Fig. 6 depicts the magnetization versus an applied field
(M-H) for n-AFT at room temperature. It is observed that
M-H curve is very slim and is not completely saturated till
the applied field of 10 kOe, indicating thereby the size of
the particles are very small (nanosizing effect). This may be
due to the less number of Fe-Fe pairs, giving low value of
coercive field (Hc = 533.1 Oe) and negligible retentivivity
(Mg = 0.016 emu/g). The saturation magnetization (Mg =
0.046 emu/q) is likewise small. This study clearly indicates
that there is a possibility of magneto-electric coupling,
suggesting electric ordering controlling magnetic properties
at the microscopic scale.
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Fig. 6. Magnetization curve of nanocrystalline (AgosFeos)TiOs powder at
room temperature.

Conclusion

The present soft-chemical method is truly a green cost-
effective approach, capable of producing nanocrystalline
(AgosFegs)TiO; powder. AFT was found to have a
perovskite-type monoclinic structure with the particle sizes
of 5-14 nm. EDX and FTIR studies confirmed the
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formation of pure AFT. UV-vis study exhibited the surface
plasmon resonance at 318 nm. Dielectric study revealed a
low value of dielectric constant (= 177) and dielectric loss
(= 0.013) at 1 kHz. Magnetic study indicated the possibility
of magneto-electric coupling.
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