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Abstract 

 

Electrical properties of sintered sample of ilmenite MnTiO3 synthesized from oxalate precursor route werestudied in 

the temperature range 293 K – 583 K and in the frequency range of 1 kHz -2 MHz. Both the real and imaginary part 

of dielectric constant (ε′and ε˝) varied with temperature and frequency. Thedielectric constant decreased drastically 

with increase in frequency as well as increase in temperature. The real part of the dielectric constant (ε′) was ~500 at 

1 kHz and at 383 K and the imaginary part of the dielectric constant (ε˝) showed a maximum value of 3467 at 1 kHz 

and at 502 K. The dielectric loss tangent tan δ varied between 0.24 and 15. The maximum loss observed was 15 at 

502 K (at 1 kHz) and the minimum was 0.24 at 583 K (at 1 kHz).  
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1. INTRODUCTION 

 

Since the discovery of ferroelectricity in the perovskite oxide material BaTiO3 in 1945 [1], a variety of structural 

family of oxides have been studied for ferroelectric and related properties [2]. The transition metal containing 

titanates of the formula, MTiO3 (M = Mn, Fe, Co, Ni, and Zn) crystallize in both ilmenite as well as perovskite 

structures and exhibit interesting useful properties including dielectric properties are generally referred as a specific 

class of functional materials [3-13] In general, the dielectric spectroscopic studies on transition metal containing 

titanates are limited in literature [2, 14-16]. The dielectric behaviors of ZnTiO3 and FeTiO3 have been investigated 

from 333 K to 403 K and from  4 K to 298 K respectively  [14, 15]. The microwave dielectric characteristics of 

NiTiO3 and MnTiO3 have been reported from 4.2 K to 300 K [16]. Ishikawa and Sawada [17] measured electrical 

conductivity, magnetic susceptibility, seebeck coefficient and dielectric constant. Their study ruled out the 

possibility of oxidation of Fe2+ and Ni2+ at higher temperatures.  

 

The electrical properties of microwave irradiated natural ilmenite mineral FeTiO3 exist in the literature [17]. 

Recently, we reported the synthesis of monophasic MnTiO3 from mixed metal oxalates at low temperatures of 873 K 

which prompted us to investigate the dielectric spectroscopic behavior of MnTiO3 [18]. Although magnetic 

susceptibility measurements were carried out on MnTiO3 till 600 K, there exists no report on the dielectric behavior 

of MnTiO3 above room temperature [3]. In this paper, wepresent the interesting results on the dielectric behavior of 

http://www.ijmr.net/
mailto:irjmss@gmail.com


IJPAS       Vol.03 Issue-10, (October, 2016)            ISSN: 2394-5710 
International Journal in Physical & Applied Sciences (Impact Factor- 4.657) 

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 
International Journal in Physical & Applied Sciences 

                                         http://www.ijmr.net.in email id- irjmss@gmail.com                   Page 68 

MnTiO3 at frequencies from 1 kHz to 2 MHz and in the temperature range of 293 K to 583 K. The present study 

revealed that both the real and imaginary part of the dielectric constant varied with increasing frequency and 

increasing temperatures. The dielectric constant (ε′) showed a maximum value of 500 at 1 kHz at 383 K. The a.c 

conductivity observed in MnTiO3 was thermally activated and MnTiO3 exhibited non-relaxor behavior. To the best 

of our knowledge this is the first report on the dielectric response of MnTiO3 above room temperature. 
 

 
2. EXPERIMENTAL PROCEDURE 

 

Materials and Methods 

 

The ilmenite MnTiO3 was prepared by a solution of MnCl2. 2H2O (AnalaR Grade from CDH, India) which was 

prepared in 100 ml (0.2 M) of double distilled water. Potassium titanyl oxalate (A.R. Grade, Specpure, India) 

solution was also prepared in double distilled water (0.1 M in 100 ml). To 100 ml of the potassium titanyl oxalate 

solution in a 500 ml beaker, 50 ml of MnCl2. 2H2O solution was added dropwise under constant stirring. After 

complete addition, the pH of the mixture was measured. The pH of the solution containing the precipitate was found 

to be between 2 and 2.5. Precipitate did not appear at room temperature. However, on heating to around 353K for an 

hour, a white colored precipitate separated out. Decomposing the precursor at 600 °C in nitrogen for 12 h resulted in 

the ilmenite form of MnTiO3, which is corresponded to JCPDS File No. 29-0902 [19]. Simultaneous TG/DTA 

measurements were carried out using Shimadzu thermal analyzer model TG-60 in air. Powder X-ray diffraction 

patterns were recorded using Philips X’Pert X-ray diffractometer employing CuKα radiation. The surface 

morphology and microstructure of the sample were studied by scanning electron microscope QUANTA 200 FEG 

(FEI Netherlands) equipped with an EDX attachment. The electrical properties of the samples were carried out on 

sintered pellets of dimensions of 2×1×1 mm. The pellets were made by applying uniaxial pressure 5×106 N/m2 

followed by sintering in flowing nitrogen at 873 K for 10 h. The density of the sintered specimen was measured by 

Archimedes method. The Capacitance (Cp) and loss tangent (D) were measured as a function of frequency (1 kHz– 

2 MHz) at different temperatures (293- 583 K) using a computer-controlled LCR meter (Agilent,E4980A Precision 

LCR Meter, USA) at chosen frequencies. The dielectric constant (ε′) was calculated from the equation, ε′= Cpt / ε0A, 

where A is the cross sectional area (in m2) of the sample and ε0 isthepermittivity offree space(8.854×10-12 Fm-1) and t 

is the thickness of the sample (in m) [20]. The imaginary part of the dielectric constant was calculated from the 

relation, ε˝= ε´ tan δ, where, tan δ is the loss tangent. 
 

 

3. RESULTS AND DISCUSSION 

 

X-ray analysis 

The powder X-ray diffraction pattern showed the formation of phase pure pyrophanite MnTiO3. The observed d 

values matched exactly with the reported values in JCPDS File No: 29-0902. The initial cell parameters were found 

as a=5.139 Å, b=5.139 and Å c=14.29 Å in initial cell model. 
The powder X-ray diffraction pattern could be indexed in rhombohedral symmetry (space group R3) with lattice 

parameters a = 5.13 (0) Å; c =14.28 (2) Å and volume of the cell v (Å3) =323.4(1)of ilmenite-type MnTiO3. The 

numbers in parentheses are estimated deviations in the units of the last digit.The lattice parameters 

were obtained from the Le-bail fitting of the X-ray diffraction pattern by the Full Prof Suite (Fig.1).The peaks were 

indexed in a rhombohedral symmetry confirming the ilmenite structure (JCPDS card file no. 29-0902). The various 

parameters obtained were: Rp: 26.2, Rwp: 31.3,  Rexp: 26.10, Chi2: 2.28, Bragg R-factor: 1.334, RF factor: 1.236.The 

atomic positions in ilmenite MnTiO3 were obtained as Ti (2c): 0.1444, 0.1444, 0.1444 Mn (2c) : 0.3609, 0.3509, 

0.3509 , O (6f): 0.0477, 0.4395, 0.7877.The obtained unit cell parameters are found similar with recently reported 

cell parameters for MnTiO3by Wuet al. [21] 

 

 

http://www.ijmr.net/
mailto:irjmss@gmail.com
http://www.home.agilent.com/agilent/facet.jspx?c=171705.i.3&to=80039.k.1&cc=US&lc=eng&sm=g
http://www.home.agilent.com/agilent/facet.jspx?c=171705.i.3&to=80039.k.1&cc=US&lc=eng&sm=g
http://www.sciencedirect.com/science/article/pii/S1674987110000149


IJPAS       Vol.03 Issue-10, (October, 2016)            ISSN: 2394-5710 
International Journal in Physical & Applied Sciences (Impact Factor- 4.657) 

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 
International Journal in Physical & Applied Sciences 

                                         http://www.ijmr.net.in email id- irjmss@gmail.com                   Page 69 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 : Le-Bail fit of  powder X-ray diffraction pattern of ilmenite MnTiO3. 

 

Morphology and density analysis 

 

In the scanning electron micrograph, unequally distributed coarse sized grains were observed (Fig. 2). The density 

of the specimen was measured by the Archimedes’s method, using diethyl phthalate as the immersion liquid, the 

measured density was recorded to be 6.32 g/cm3 which might be explained on the basis of the results obtained by 

Wu et al. [21] according to which the density of MnTiO3 increases with respect to sintering temperature and time. 

Syamaprasadet al.[22] also reported that sintering temperature plays a vital role in enhancing density and reducing 

pore size and reported almost same density for BST and BaTiO3 i.e.6.02 gm/cm3. Author’s previous study revealed 

the surface morphology and surface area of NiTiO3and MnTiO3   which were examined by the SEM and BET 

methods, respectively. An agglomeration of the particles was observed and the observed BET surface area value of 4 

m2/g also suggested agglomerationand support that pore size is less and therefore the samples becomes more denser 

after sintering at higher temperature hence density of the sample increases[19]. 

 

Fig. 2:  SEMmicrographsof (a) ilmenite MnTiO3 powder and (b) sintered sampleat 873 K for 10 h in N2atmosphere. It is obvious from the  

SEM images that the grain growth is high for non sintered MnTiO3 while lower grain growth is observed for sintered MnTiO3 ceramics.  
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The Raman analysis 

 

The Raman spectrum of the ilmenite MnTiO3 with their band assignment is illustrated in Fig.3. The Raman spectrum 

of MnTiO3 at room temperature showed six bands at 234, 273, 335, 452, 527 and 695 cm-1 (Fig 3.1.13), the most 

strong and intense band at 695 cm-1 is attributed to longitudinal optical mode (LO) with A1 symmetry in vibrational 

mode of MnO6 octahedra [21]. This strong band is the signature band for the perovskites/ilmenites having cubic or 

tetragonal symmetry [23]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3: FT-Raman spectrum of MnTiO3. 

 

 

Thermal and dielectric analysis 

 

 

Before performing the dielectric property measurements, MnTiO3 powders were subjected to thermal analysis in air 

till 773 K which did not show any appreciable weight gain or loss although one cannot rule out surface oxidation 

during the measurements (Fig.4). This observation confirmed the thermal stability of MnTiO3 in temperature range 

of the present study. The negligible weight gain may be observed above 500K which is due to the high temperature 

oxidation behaviors of powder samples as well as temperature increases the internal diffusion of O2 increases, it is 

evident in literature that sintered powder samples show more internal diffusion of O2 than bulk counterpart therefore 

there is negligible gain in weight above 500K in MnTiO3sample [24]. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4: Thermogram of MnTiO3. 
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The variation of real part of dielectric constant (ε′) as a function of temperature and log ε′ as function of frequency 

are shown in the Fig. 5 (a) and (b) respectively.   

The dielectric behavior of MnTiO3 was temperature as well as frequency dependent. The dielectric constant at lower 

frequencies was higher than the value at higher frequencies. The dielectric constant increased with temperature and 

reached maximum at 515 K and at 1 kHz frequency. After 515 K, ε′ decreased gradually and showed a saturation 

around 553 K (Fig. 5 (a)), which may be attributed to the fact that, at lower frequency region the permanent dipoles 

align themselves along the direction of the field and contribute to the total polarization of the dielectric material. On 

the other hand, at higher frequency the variation in field is too rapid forthe dipoles to align themselves in the 

direction of field, i.e., dipoles can no longer follow the field, so their contribution to the total polarization and hence 

to the dielectric permittivity become negligible. Therefore the dielectric constant (ε′) decreases with increase in 

frequency. The high value of dielectric constant (ε′) at lower frequencies, increases with decreasing frequency and in  

creasing temperature correspond to bulk effect of thesystem.The variation of log ε′ with frequency at chosen 

temperatures exactly followed the same trend as in the case of increasing temperatures at selected frequencies (Fig. 

5(b)). 

The broad and sharp dielectric response of MnTiO3 could be related to (i) polarized structure of MnTiO3 and (ii) 
associated mobility of the charge carriers as in the case of Zn-doped MnTiO3 [25]. The high value of log ε′ observed 
at low frequency might arise from different types of polarization viz., electronic, dipolar, interfacial and ionic 

orientation etc. as Ti and O atoms in ilmenite phase of MnTiO3are significantly large and  spontaneous polarization 
of large magnitude is predicted to be along [111] direction. At the other hand, B-site Ti ions in 3d0 state dominate 
ferroelectric polarization of multiferroic MnTiO3, whereas A-site Mn ions having partially filled 3d5 orbitals are 
considered to contribute to its dielectric and magnetic properties [26].Further, the decreasing trend of  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5: Plot of (a) temperature versus log dielectric constant (ε′) (b) log frequency versus log dielectric constant (ε′). 

log ε′ with increasing frequency and temperature suggested the absence of relaxation process in MnTiO3, in general, 

if the dielectric constant ε′  increases with the increase in frequency then it is known to be as relaxor material [27]. 

When the real part of the dielectric constant (ε′) was plotted against the temperature, the permittivity at 1 kHz 

showed a transition at 515 K indicating a possible transition from ferroelectric to paraelectric state (Fig. 6). It is 
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worthwhile to study this phase transition of MnTiO3 structurally by high temperature X-ray diffraction to understand 

the isotropic or anisotropic nature of the polarization. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6: Plot of temperature versus ε′ 

The variation of ε" with temperature at various 

frequencies is shown in Fig. 7. The values of the imaginary part of the dielectric constant were almost in the same 

range up to 423 K with applied frequencies below 1 kHz. After 423 K, a jump in the ε" was observed with increase 

in temperature at 1 kHz. A repetitive decrease in the real part of dielectric constant (εʺ) with frequency up to near 

about 2MHz, followed by an almost constant value, was observed at all the temperatures. Similar behavior was 

found in the variation of εʺ with frequency. The merger/coincidence of the imaginary dielectric constant (εʺ) at 

higher frequencies for all the temperatures indicates a possible release of space charge polarization at high 

temperatures and frequencies [28].The Electronic, atomic, and orientation polarization occur when charges are 

locally bound in atoms, molecules, or structures of solids. The Charge carriers also exist that migrate over a distance 

through the material when a low frequency electric field is applied. Here, Interfacial or space charge polarization 

occurs when the motion of these migrating charges is impeded. The charges can become trapped within the 

interfaces of a material. Motion may also be impeded when charges cannot be freely discharged or replaced at the 

electrodes. The field distortion caused by the accumulation of these charges increases the overall capacitance of a 

material which appears as an increase in ε'.The maximum ε" observed was 3.2×104 at 503 K (Fig.7). Furthermore, 

an apparent relation is observed between loss tangent tanδ and imaginary part of dielectric constant ε" as can be seen 

in Fig. 7 it may be due to the imaginary part of permittivity (ε '') is called the loss factor and is a measure of how 

dissipative or lossy a material is to an external electric field and at the other hand the loss factor tanδ includes the 

effects of both dielectric loss and 

conductivity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Plot of (a) temperature versus log imaginary ε"  and temperature versus loss tangent tanδ 
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The plot of log loss (tanδ) as a function of frequency at chosen temperatures showed that the loss (tanδ) was 

frequency and temperature dependent within the measured range (Fig. 8). However on close examination, the 

variation of log loss (tanδ) with temperature showed a broad maximum around 500 K (Fig. 8).  The rate of increase 

of loss (tanδ) and at higher temperatures was observed to be higher for lower frequencies. Further, the (tanδ) 

decreased with increase in frequency at chosen temperatures, the loss found to be minimum at lower temperatures 

and frequencies. This type of behavior indicated that the dielectric response of MnTiO3 might be the result of space 

charge polarization [29]. Generally, for the ceramic samples, at higher frequencies minimal dielectric loss (tanδ) 

would be observed due to the low reactance to the sinusoidal signal [30]. In the case of MnTiO3, with increase in 

applied frequency, the loss tangent (tanδ) decreased, reaching a minimum at 2 MHz. The loss (tanδ)peaks were 

observed at higher temperatures (≥ 583 K) which shifted towards the higher frequency region (with rise in 

temperature). The temperature versus ε′ and loss (tanδ) showed that at higher frequencies (1 and 2 MHz), the losses 

were minimum suggesting that MnTiO3 could be of use in high magnitude frequency devices. The temperature-

dependency behavior of both the imaginary part of the dielectric constant (ε") and the loss (tanδ) values 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Plot of log loss tangent tanδ versus frequency 

 

 

at chosen frequencies strongly suggested a possible phase transition from the ferroelectric to paraelectric state in 

MnTiO3 [31].  

 

Conductivity analysis 

 

The conductivity (σa.c) increased with increase in temperature at lower frequencies and this trend was not observed 

at higher frequencies (Fig. 9 (a)). At all the chosen frequencies, ζa.c remained constant from 383 K to 423 K and 

thereafter a sharp increase was observed. Such a behavior is very typical of disordered materials [32]. As the defects 

can also arise from the high energy i.e. temperature or irradiation. The temperature induced charges will affect the 

charge distribution and thereby a slight distortion occurs in lattices which is responsible for the increase in 

conductivity at higher temperatures.The frequency dependence of the log a.c conductivity of MnTiO3 at different 

temperatures (383 K-583 K) is shown in Fig. 9 (b). At higher frequency, the conductivity was relatively temperature 

dependent. The curve showed dispersion, which shifts to the higher frequency side with rise in temperature. The 

change in slope takes place at a particular frequency known as the hopping frequency (ωH). Generally the thermal 

activated conductivity is very typical of semiconductors and insulators. It appears that the a.c conductivity (ζa.c) in 

this material is governed by the hopping mechanism due to its strong dependence on temperature [33]. The a.c. 

conductivity was found to be maximum 1.92×10-7 Ω-1cm-1 for 1 kHz at 503 K. The activation energy involved was 

0.17 eV at 10 kHz (Fig. 9 (c)). 
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Fig. 9:  Plot (a) ζa.c versus temperature (b) log ζa.c versus log frequency (c) log ζa.c versus 1/T 

 

 

The trend of log frequency versus log a.c. conductivity was found to be ~10-6 at 1 kHz and minimum at 2 MHz and 

at 583 K. In ilmenite MnTiO3 strucure the Ti ion is located in the center of the oxygen octahedron, due to thermal 

vibration, Ti might move off-center; a non- linear elastic restoring force applied to the off-center Ti would bring it 
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back to the geometric center position. Upon decreasing temperature, if in a crystal the local field due to polarization 

increases faster than the restoring force, it would lead to an asymmetric shift in the ionic position, creating 

permanent polarization. The electrical conduction for bound charge carriers, on the other hand, requires both 

energies for formation and motion of the charge carriers moving under the external electric field. A thermally 

activated mobility is therefore observed. In the host lattice, where there is an interaction between the electrons and 

lattice, there is a polarization of the lattice associated with the presence of electronic carriers. Electronic carriers can 

therefore minimize their energy by introducing this lattice polarization. This associate consisting of the electronic 

carrier plus its polarization field (or distorted lattice, in other words) can be considered as a quasi-particle, and is 

referred to as a polaron.  A polaron  has a lower energy than an electron alone. Conductivity is similar to nearly-free 

electrons in the band type conductors except for two things: (a) large effective mass; (b) thermally activated mobility 

with small activation energy on the order of kT which is required by an electron to move along with a weakly 

polarized lattice under the external electrical field. This motion energy is so small that the pre-exponential term is 

dominant. When the electronic carrier plus the lattice distortion has a linear dimension smaller than the lattice 

parameter, it is referred to as a small polaron, and the mobilityis strongly affected by the lattice distortion which 

must move along with the electronic carrier. This process is then often referred to as the short range hopping 

mechanism because the electronic carrier is bound or localized at specific lattice sites and can only move from one 

distorted lattice site to another by overcoming an energy barrier,[32]. The temperature dependence of a.c. 

conductivity for various frequencies predicts that at lower temperature the a.c.conductivity is almost independent of 

temperatures (< 473 K), however as the frequency increases the considerable contribution in values found which is 

attributed to the main contribution in the conductivity from the space charge. 

 

 

4. CONCLUSIONS 

 

1. The dielectric constants (ε' and ε"), loss tangent (tan δ) and a.c. conductivity of sintered MnTiO3 were found to be 

temperature and frequency of the applied a.c. electrical field. The ε′max was found to be ~500 at 383 K and 1 kHz. 

The dielectric constant behavior at higher frequencies (1 MHz and 2 MHz) and at other temperatures was different 

and did not depend on either frequency or temperature. The absence of relaxor like properties in MnTiO3 was also 

evident from the behavior of ε′ with frequency and temperature [34]. 

 
2. The ε"max is found to be 3467 at 383 K and at 1 kHz. The variation of imaginary part of the dielectric constant ε" 

with respect to temperature and frequency showed a similar behavior as the real part of dielectric constant.  

 

3. The loss tangent, tanδ, also showed similar behavior as ε' and ε", the rate of increase of tanδ is higher for lower 

frequency and negligible at higher frequencies (1 MHz and 2 MHz). 

  

4. The a.c. conductivity (ζa.c.) was found to depend both on temperature as well as frequency indicating a hopping of 

charge carriers as the possible mechanism.  The a.c. conductivity was found to be maximum, 1.92×10-7 Ω-1 cm-1 for 

1 kHz at 503 K. 

 

5. The presence of a pronounced peak in the conductivity as well as the dielectric constants around 515 K suggested 

a possible transition in MnTiO3. 
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