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ABSTRACT 

The perovskite structure is one of the most versatile structures for tailoring the 

properties of materials. The range of properties of perovskites varies from 

superconductivity to ferroelectricity, magnetoresistance to magnetocapacitance, and laser 

host properties to name a few. In particular, the perovskite oxides have been explored for 

their dielectric and magnetic properties. Traditionally, titanium based oxides are known 

to show good dielectric properties. This thesis deals with synthesis of titanium-based 

oxides, in order to obtain new oxides with improved dielectric, properties. 
••■01.1■1•••■••••••,...- 

Chapter 1 provides a brief introduction to synthetic strategies, the perovskite 

structure and dielectric and magnetic properties. In addition, a brief survey of the 

research activity that has taken place in the area of perovskite oxides, particularly, in the 

area of ordered structures and dielectric and magnetic properties, has been presented. 

In chapter 2 we have discussed two new families of perovskite-based oxides, 

namely, (Lm2isBa2/5Calf5)(Zn2isTi3/5)03 and (Ln1i3Balf3Cair3)(Zni5Tiv3)03 (Ln = rare-

earth). We have discussed the synthesis and structural characterization of the oxides. 

Detailed structural analysis of the oxide (Ln2,5Ba2t5Cal,5)(Zn2,5Ti3,5)03 (Ln = Nd) has 

been carried out using powder X-ray and neutron diffraction. It is found from Rietveld 

refinement of powder neutron data that the oxide crystallizes in cubic symmetry with 

space group Pm 3 m and lattice parameter — 3.95 A. Electron diffraction confirmed the 

cubic structure. Powder X-ray diffraction patterns of other rare••earth containing oxides 
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(La and Pr) confirm that they have the same structure. There is a slight increase in lattice 

parameter as we move from the La-based oxide to that of the Pr containing oxide, 

depending on the size of the rare-earth cation. Annealing under various atmospheres, like 

air and oxygen was done to promote cation ordering, but without any positive results. The 

exact composition of the oxides was verified nsing electron probe microanalysis and 

energy dispersive X-ray (EDX) analysis. DieleOtric measurements were carried out on 

sintered pellets of the compounds (Ln = La, Pr and Nd) in the frequency range of 50 Hz 

to 500 kHz and in the temperature range of 35PC to 300°C. All these compounds have 

been found to exhibit high dielectric constant (e)1 and low loss (D). These compounds also 

show high stability with respect to frequency and temperature. The dielectric constant for 

these oxides are 70, 57 and 59 for the La, Pr and Nd based oxides respectively. Their 

respective dielectric losses are 0.003, 0.013 and 0.0049. 

Pure phases were obtained for the oxides (LnoBal3Caii3)(Zni3Ti2/3)03  in case of Ln = 

La, Pr and Nd. These oxides too crystallized in the cubic structure, as observed from 

powder diffraction studies. There is a slight decrease in lattice parameter in each of the 

oxides as compared to the (Ln2sBanCaits)(ZnwsTi3/5)03 oxides. This is expected, as the 

average size of the cations in the A and B sites is less in the 

(Lnii3Bai3Ca13)(Zni3Tiv3)03 oxides. There has been no ordering of the cations in this 

case. It is seen that there is a considerable increase in the dielectric constant when 

compared to the oxides of the type (Ln2sBa2sCalis)(Zn2sTi3/5)03 with the same rare-earth 

ion. All these three compounds exhibit highly stable dielectric properties, with respect to 

frequency (in the range 50 to 500 kHz) and temperature (35°C to 300°C). The dielectric 

constant depends on the size of the cations and varies from 81 for the La-based oxide to 



70 for the Nd-based oxides. The dielectric loss is in the range of 0.003 to 0.004 for all the 

three oxides. 

In chapter 3 we have attempted to substitute zinc by cadmium (the higher group 

member of Zn) to obtain oxides of the type, (Ln2/5Ba2/5Ca1/5)(Cd2/5Ti3/5)03 and 

(Lny3Bair3Ca1r3)(Cdi3Ti2/3)03 (Ln = rare-earth). Powder X-ray diffraction of the oxides 

Lny5Ba2/5Ca1/5)(Cd2/5Ti3,5)03  shows the oxides to be cubic. Rietveld refinement of 

powder X-ray and neutron diffraction data confirms the cubic structure. The lattice 

parameters obtained is around 4.00 A. In case of the oxides of the family 

(Lni3Baii3Cal/3)(CdoTi2/3)03  powder X-ray diffraction shows cubic phases with lattice 

parameters slightly lower than those of (Ln2/5Ba2/5Cal/5)(Cd2/5Ti3/5)03. Annealing of the 

oxides in oxygen and air was carried out to promote cation ordering. The oxides retained 

their cubic structure even after annealing as in the case of analogous zinc based oxides. 

Compositional analysis was carried out by energy dispersive analysis of x-rays (EDX). It 

is found in these oxides very little amount of cadmium is present due to high volatility 

cadmium. The appropriate formula for (Ln2/5Ba2/5Cal/5)(Cd2/5Ti3/5)03 (Ln = La) was 

(La0.52Ba0.48Ca0.25)(Cdo.o4Tio.65)02.85. Dielectric measurements of these oxides have been 

carried out with respect to variation in temperature and frequency. The dielectric constant 

(e) is 35 for (La2/5Ba2/sCa1/5)(Cd2/5Ti3/5)03 and 50 for (Nd2/5Ba2/5Caits)(Cd2/51i3/5)03. The 

dielectric loss for the two oxides are 0.0021 and 0.0017 respectively. These 

measurements were carried out at 100 kHz and at 35°C. Both these oxides show high 

stability of both the dielectric constant and the dielectric loss with temperature (de / dT 

10). In case of the oxides of the family (Lni5Bai3Cal5)(Cd13Ti2,3)03, the dielectric 
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constant was found to be higher than the analogous oxides with nominal composition 

(Ln2/5BanCaus)(Cd2,5Ti3,5)03 having the same tare-earth. 

In chapter 4 we have attempted to synthesize new solid solutions in order to study 

the effect of substitution of the structure and properties of the oxides. Starting from the 

nominal composition of oxides described in the previous studies (chapters 2 and 3) we 

have further substituted the A and B sites to obtain new families of oxides with tunable 

dielectric properties, depending on the amount 3f substitution. We have thus investigated 

oxides of the type Nd2Ba2CaCu2_,ZnxTi3014, (1442/5BanCa1/5)(Cd(2.xy5Znxi5Ti3/5)03, (Nd(2- 

xy5LaxisBanCal/5)(Zn2/5113/5)03 (0 < x < 0.4) and Nd2Ba2CaCu5.„Tix0i4 (0 < x < 5). It is 

observed from powder X-ray diffraction that pure phases are obtained for all the 

compounds in the first three families mentioned above. However, for the family 

Nd2Ba2CaCu5..xTix014, pure phase has been obtained only when x = 0 and 3. In case of 

Nd2Ba2CaCu2..„ZnxTi3014  it is seen that the copper rich compounds crystallize in the 

tetragonal structure, where the 'c' parameter is roughly 5 times the 'a' parameter. This 

suggests an ordering of 'Cu' and `Ti' ions alpng the c-axis. However, for the zinc-rich 

phases ordered structures are not formed and the formula can be written as 

(Nd2/5Ba2/5Ca1/5)(Cu(2-xy5Znxi5Ti3/5)03 It is seen that there is an increase in the lattice 

parameter with increase in zinc substitution from 'a' = 3.913(8) and 'c' = 19.63(1) at x = 

0 to 'a' = 3.925 (1) A and 'c' = 19.64 (1) A for x = 0.2. For the oxides 

(La2/5Ba2/5Cai./5)(Cd(2..y5Znxi5Ti3/5)03 we find from Rietveld refinement and EDX 

analysis that the cadmium content is much lower than that expected. The oxides, (Nd(2- 

xy5Laxi5Ba2/5Cal/5)(Zny5Ti3/5)03 crystallize in the disordered cubic structure for all the 



compositions. There is a steady decrease in the lattice parameter with increase in 

lanthanum content as is expected from the higher ionic radius of lanthanum than that of 

neodymium. However, in case of the oxides of the family Nd2Ba2CaCus..Tix014 pure 

phases are formed only for x = 0 and x = 3. The oxide with x = 3 has a quintupled 

perovskite structure, while that with x = 0 has a triple layered structure. The dielectric 

properties of all the families of oxides have been studied with respect to frequency and 

temperature, except for the oxide Nd2Ba2CaCusO14, which gave low resistivity values 

from two probe measurements. In case of the family of oxides Nd2Ba2CaCu2.2n,,Ti3014 

there is a sharp fall in dielectric constant and a corresponding rise in dielectric loss with 

increase in copper. The dielectric constant falls from 59 for x = 0.4 to 8 for x = 0. The 

dielectric constant increases steadily with increase in zinc for the oxides 

(La2/5Ba2/5Cav5)(Cd(2-KysZn,,sTi3/5)03. The dielectric loss shows a marginal variation 

from 0.002 to 0.006. For the oxides (Nd(2_Xy5Law5Ba2,5Caii5)(Zn2/5Ti3/5)03, the dielectric 

constant shows a regular decrease with increase in neodymium content till x = 1.5. The 

pure oxides (x = 0 and 2) show higher values of the dielectric constant compared to 

oxides with mixed rare-earth ions. 

In chapter 5, we have substituted the B-sites (Zn and Cd sites) with transition 

metal ions. Our aim was to see the effect of the magnetic ions on the dielectric properties 

as well as on the structure of the oxides. In the process, we have obtained bi-functional 

oxides that are magnetic and have high dielectric constant. Perovskite based oxides of the 

type (Ln2,5Ba2,5Caus)(M2/5Ti3/5)03 (Ln = La, Nd and M = Mn, Fe, Ni) have been 

synthesized by the solid state route. All these oxides crystallize in the (disordered) cubic 
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perovskite structure, as observed from powder X-ray diffraction patterns, with lattice 

parameter — 3.95 A depending on the rare-earth and transition metal ion. No sign of 

ordering of the cations to give a tetragonal structure were observed even after annealing 

the compounds in air and oxygen for several days. EDX analysis confirms the 

composition of these oxides. Iodometric studies show that a small part of the Mn is 

present as Mn4+, the remaining being present a4 Mn3+. In case of the iron based oxides, 

about 80 % of the iron was in the divalent state,, the remaining being in the trivalent state. 

It is found from the plot of ym against temperature at 10 kOe that the oxide 

Ln2,5Ba2isCalisMn2/5Ti3/503 shows antiferromagnetic ordering at around 5 K. This oxide 

shows an unusually high dielectric constant of around 6000 at 1 kHz. It is seen that the 

dielectric constant decreases sharply with frequency showing a value of 592 at 100 kHz. 

Both the dielectric constant and dielectric loss decrease with frequency. Also there is a 

sharp increase in dielectric constant and loss with increase in temperature, which is 

possible due to electron hopping between adjacent trivalent and tetravalent states of Mn. 

In case of the solid solutions of the type (Ln2/5Ba2i5Calis)(Mnvs-xNixTi3/5)03, a shift from 

antiferromagnetic to paramagnetic behaviour is observed as the Ni content increases. The 

compound with x = 0.4 (in the nickel based oxide) is paramagnetic and has a moment of 

1.81 4B. The dielectric constant (e) of (La2/5Ba2/5Cal/5)(Ni2/sTi3/5)03 was found to be 78 

and the loss (D) was 0.21 at room temperature and 100 kHz. The dielectric constant 

shows a decrease with frequency (c = 59 at 500 kHz). Similar Ni-substituted oxide is not 

obtained as a pure phase for the Nd-based systems. In case of Ln = Nd, only the Mn-

substituted oxide is formed as a pure phase. This oxide is paramagnetic and has a 

magnetic moment of 6.92 4B. The dielectric constant for the composition 



(Nd2,5Ba2/5Ca1/5)(Mn2/5Ti3/5)03 was found to be 192 and the loss was 0.14 at room 

temperature at 100 kHz. The oxides (Ln2/.5Ba2/5Caii5)(Fe2/5Ti3/5)03 (Ln = La and Nd) have 

been found to be paramagnetic with effective magnetic moments of 4.07 [LB and 5.16 

for Ln = La and Ln = Nd respectively. The dielectric constant of these oxides have been 

found to be 84 and 89 for Ln = La and Nd respectively. Their respective dielectric losses 

were 0.43 and 0.39. The dielectric constant was found to be frequency dependent and 

decreases with rise m frequency and increases with rise in temperature. The dielectric 

loss however, shows opposite behaviour, that is, it rises with frequency and falls with 

temperature. 

To summarize, the thesis has examined the possibility of a wide range of 

substitutions in the A and B-sites of the perovskite structure and has obtained several new 

oxides which have been characterized in detail with respect to their composition, cation 

occupancy, structure and dielectric properties. In addition, the effect of a magnetic ion in 

predominantly dielectric structure has been studied in detail for the first time. The large 

data generated from the above studies will hopefully serve as a source of information to 

solid-state scientists interested in dielectric properties of materials and their applications. 
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