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Abstract 

Nanoparticles and nanostructured materials have been fascinating the world of 

science in the last ten years. Nanomaterials are among the most challenging areas of 

current scientific and technological research because of interesting changes in their 

optical, magnetic, electrical and catalytic properties accompanied with improved physical 

properties like mechanical hardness, thermal stability or chemical passivity. These 

nanoscale materials can be defined as those whose characteristic length lies between one 

and hundred nanometers. Many physical properties of nanoparticles often differ 

drastically from those of single crystals with the same chemical composition. At 

nanometer size, crystallites are influenced by the presence of significant number of 

surface atoms and by the quantum confinement effect of the electronic states and this 

influences the property of nanomaterials as compared to their bulk phases. The properties 

of matter within this length scale are significantly different from individual atoms or 

molecules and from bulk materials. Nanoparticles exhibit unique electronic, magnetic, 

optical, photonic and catalytic properties and their size is ideal size for the use as 

nanomaterials building blocks which includes metals, semiconductors, core-shell 

nanostructures and organic polymeric materials. These materials play an important role in 

the selective surface modification of different substrates in the form of coatings. Several 

oxide nanoparticles are predicted to have tremendous applications in the future. 

In chapter 1, a detailed survey of the background literature has been carried out 

for the state of knowledge existing in the area of nanoparticles with interesting dielectric, 

magnetic and electrochemical properties. We also discuss the synthesis of nanomaterials 
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using the reverse micellar route and its comparison with other synthetic methods with 

respect to the grain size, distribution and morphology. 

In chapter 2, we discuss the synthesis of nano-structured dielectric oxides like 

barium, strontium and lead titanates (BaTiO3, Ba2TiO4, SrTiO3, Sr2TiO4, PbTiO3) using 

the reverse micellar route. In our synthesis we have avoided the use of alkoxide for 

barium, strontium and lead as starting reagents, which are very expensive. Monophasic 

BaTiO3  could be obtained after heating the precursor at 800°C and the X-ray pattern 

could be indexed satisfactorily on the basis of a tetragonal cell with the refined lattice 

parameters are 'a' = 3.998(1) A and 'c' = 4.019(1) A. Note that careful X-ray studies of 

the (200) reflection suggests a very weak tetragonal distortion at 800°C. The average 

grain size of the particles obtained from the X-ray line - broadening studies of the (111) 

reflection is found to be 20 nm. This is in accordance with the transmission electron 

microscopic studies (TEM), which show uniform, and monodisperse particles having 

grain size of 20 - 25 nm. The X-ray diffraction pattern indicates the presence of the 

tetragonal phase of BaTiO3  at all sintering temperatures (900°C to 1100°C). TEM 

micrographs show uniform and monodisperse particles of grain size of the order of 30 — 

35 nm for samples sintered at 900°C while after sintering at 1100°C (8h) the grains are 

agglomerated and have average grain size of 120 nm. In order to arrive at a definite 

answer regarding the distortion suggested by XRD studies in the 20-25 and 30-35 nm 

particles obtained at 800°C and 900°C temperatures respectively, we have carried out 

Raman spectroscopic studies. The Raman investigations suggest that both 20-25 and 30-

35 nm nanoparticles of BaTiO3  crystallize in the tetragonal phase. The dielectric constant 

was found to be 210 and dielectric loss was 0,02 for BaTiO3  sintered at 900°C and at 100 
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kHz frequency. The dielectric constant was found to be stable (dc/dF = 9.24 x le Hi') 

with frequency while dielectric loss showed a slight increase at higher frequencies. The 

dielectric constant is found to increase with sintering temperature being 520 after 

sintering at 1100°C. 

Powder X-ray diffraction studies of nanoparticles of barium orthotitanate 

(Ba2TiO4) after calcining at 800°C result in a mixture of orthorhombic (70%) and 

monoclinic (30%) phases. The high temperature orthorhombic form present at 800°C is 

due to the small size of particles obtained by the reverse micellar route. Pure 

orthorhombic Ba2TiO4 was obtained on further sintering at 1000°C. Rietveld refinement 

of powder X-ray data was also carried out for Ba2TiO4  sintered at 1000°C. The refined 

cell parameters of the orthorhombic Ba2TiO4 are a = 6.0951(5) A, b = 22.944(1) A, c = 

10.5425(8) A. The structure refined to reasonable R-values in the space group P21nb. The 

values of Rp and wRp on refinement were found to be 0.085 and 0.113 respectively. The 

powder patterns showed a high background probably due to the small size of the 

particles. The particle size obtained from X-ray line broadening studies and transmission 

electron microscopic (TEM and HRTEM) studies is found to be 40-50 nm for the powder 

obtained after heating at 800°C. Sintering at 1000°C show increase in grain size upto 150 

nm. Our studies corroborate well with the presence of a martensitic transition in Ba2TiO4. 

The dielectric constant is found to be 40 for Ba2TiO4 (at 100 kHz) for samples sintered at 

1000°C. The dielectric loss obtained was low (0.06) at 100 kHz. 

Monophasic nanoparticles of SrTiO3, Sr2TiO4 and PbTiO3  have also been 

obtained as observed by the powder X-ray diffraction studies. X-ray line broadening 

studies and transmission electron microscopic studies show spherical grains of 30-40 nm 
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size for strontium titanates, while, PbTiO3 is obtained in the form of nanorods. The 

dielectric constant of SrTiO3  and Sr2TiO4  is found to be 90 and 30 respectively (at 100 

kHz) for samples sintered at 1000°C. PbTiO3  shows a dielectric constant of 160 (at 100 

kHz) after sintering at 900°C. The dielectric constant of Sr2TiO4 (with temperature) is 

highly stable. The temperature variation studies of the dielectric constant of PbTiO3  show 

a ferroelectric phase transition at 490°C (1 kHz). The T, varies with frequency and is 

found to decrease to 470°C at 100 kHz. 

In chapter 3, we discuss the synthesis, characterization and dielectric properties of 

nanocrystalline zirconates of barium, lead and strontium using a modified reverse 

micellar route (avoiding Ba/Sr/Pb - alkoxide). The solid solutions of Bal_,Pb,ZrO3  (x 

0.25 0.50 and 0.75) have been synthesized for the first time. Powder X-ray diffraction 

studies show the monophasic nature of the powders of BaZrO3, PbZrO3, SrZrO3  and the 

solid solution of Bal.,,PbxZr03 (x = 0.25, 0.50, 0.75) after heating at 800°C. BaZrO3  could 

be obtained after heating the precursor at 800°C and the X-ray pattern could be indexed 

satisfactorily on the basis of a cubic cell with the refined lattice parameter 'a' = 4.1803(2) 

A, however lead zirconate could be indexed on a orthorhombic cell with the refined 

lattice parameters of 'a' = 5.8621(5) A, 	= 11.791(3) A and 'c' = 8.243(2) A. We have 

also observed additional reflections in the PXRD pattern for the lead rich region 0.50 x 

1.00 which can be indexed in the orthorhombic unit cell known for PbZrO3. We have 

found that the 'a', 'b' and 'c' parameters decrease slightly with Pb content in solid 

solution. Nanoparticles of SrZrO3  could be obtained after heating at 800°C and the PXRD 

pattern could be indexed on the basis of a cubic cell as is known foi SrZrO3  with the 

refined lattice parameter of `a' — 4.0922(4) A. 
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The particle size obtained from X-ray line broadening studies and transmission 

electron microscopic studies is found to be in the range of 20-60 nm for all the oxides 

obtained after heating at 800°C. These oxides were monodisperse, spherical and nearly 

uniform as seen from TEM micrographs. Well-faceted, rhombic and cuboidal 

nanocrystals of PbZrO3  could be obtained at 1000°C due to ease of grain growth in the 

presence of low melting lead oxide. The grain size is reasonably stable to sintering till 

1000°C for all the oxides. The grain size of the solid solution of Bai_xl3b,,Zr03 (0 x 1) 

was found to increase with the lead content. The dielectric properties of strontium 

zirconate and solid solutions of barium lead zirconate (Bal _„PbxZr03, x = 0.0, 0.25, 0.50, 

0.75, 1.0) have been measured as a function of frequency and temperature. This is the 

first report on the dielectric properties of the above oxides synthesized using the reverse 

micellar route. The dielectric constant of the solid solution of Bai_„Pb„Zr03 (0 x 1) 

shows a maximum value of 93 at x = 0.50. Nanocrystalline PbZrO3 shows the signature 

of the AFE-PE transition (though weak) with Tc  of —230°C as known for bulk PbZrO3. 

The dielectric constant of 19.8 is observed for nanocrystalline SrZrO3  sintered at 1000°C. 

Chapter 4 describes a novel route for the synthesis of nanorods of transition metal 

(Cu, Ni, Mn, Co and Fe) and zinc oxalate by the reverse micellar route using CTAB 

(cetyltrimethyl ammonium bromide) as the surfactant. Powder X-ray diffraction studies 

and thermo gravimetric analysis confirms the formation of monophasic CuC204.H20, 

NiC204.2H20, MnC204.2H20, ZnC204.2H20, CoC204.2H20 and FeC204.2H20. The 

powder X-ray diffraction pattern of the light blue copper oxalate could be indexed on the 

basis of an orthorhombic cell reported for copper oxalate monohydrate. We have also 

obtained similar XRD patterns of pure copper oxalate monohydrate using iso-octane and 
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n-octane as the non-polar solvents. Powder X-ray diffraction pattern of nickel-based 

oxalate could be indexed on the basis of a monoclinic cell with the refined cell 

parameters of 'a' = 11.77(2), `13' = 5.316(7), 'c' = 9.814(9) and '13' = 127.19°. 

Transmission electron microscopy shows that the as prepared nanorods of nickel and 

copper have diameter of 250 nm and 130 nm while the length is of the order of 2.5 p.m 

and 480 nm respectively. The aspect ratio of the nanorods could be modified by changing 

the solvent. The nickel oxalate nanorods appear very smooth with uniform length while 

the copper oxalate nanorods appear to be corrugated. The nickel oxalate dihydrate 

nanorods show an antiferromagnetic transition at TN = 45K, while the copper based 

nanorods show temperature independent paramagnetism. 

We have obtained the nanorods of manganese oxalate dihydrate after drying at 

60°C. Powder X-ray diffraction pattern of monophasic manganese oxalate dehydrate was 

indexed in the refined monoclinic lattice parameters of 'a' = 12.023(2), `13' = 5.646(3), 

`c' = 9.968(7) and '13' = 128.29°. We obtained the manganese oxalate (anhydrous) 

nanorods after heating at 150°C and the reflections could be indexed on the basis of an 

orthorhombic cell The systematic study of powder X-ray diffraction of manganese 

oxalate with temperature shows that manganese oxalate dihydrate at 60°C converts to the 

mixture of MnC204.2H20 and MnC2O4  at 100°C which finally change to anhydrous 

MnC2O4  at 150°C. We have carried out the TEM and DLS studies for anhydrous 

manganese oxalate. TEM studies show the formation of nanorods of manganese oxalate 

with average dimensions of 100 nm (diameter) and 2.5 p.m (length). The DLS studies 

show an average size of —1.0um which supports the TEM studies. Magnetization studies 



show a sharp magnetic transition (antiferromagnetic) for the nanorods of anhydrous 

manganese oxalate is observed near 15 K. 

We have also characterized the nanorods of zinc, cobalt and iron oxalate using 

powder X-ray diffraction, TEM, AFM and DLS studies. The average dimensions of these 

nanorods were 120 nm, 300 nm and 2 .tm respectively in diameter and 600 nm, 6.5 p.m 

and several microns respectively in length. The aspect ratio of the cobalt oxalate 

nanorods could be modified by controlling the temperature. We have also carried out the 

magnetic measurements of cobalt and iron oxalate dihydrate nanorods which show an 

antiferromagnetic ordering at 21 K and 27 K respectively. 

In chapter 5, we discuss the synthesis of nanoparticles of CuO, NiO, MnO, 

Mn203, Mn304, ZnO, Co304, Co, Fe203 and Fe3O4  by thermal decomposition of the 

nanorods of metal (Cu, Ni, Mn, Zn, Co and Fe) oxalates obtained by the reverse micellar 

method at 450-500°C under varying atmospheric conditions. The monophasic nature of 

all the oxide nanoparticles is shown by powder X-ray diffraction and their grain size are 

obtained by X-ray line broadening and transmission electron microscopy (TEM). Copper 

oxide nanoparticles were obtained by decomposing oxalate nanorods synthesized from 

two different apolar solvents, (isooctane and n-octane). Our studies show that the grain 

size of CuO nanoparticles is highly dependent on the nature of non-polar solvent used to 

initially synthesize the oxalate rods (25-30 nm and 80-90 nm sized nanoparticles with 

isooctane and n-octane respectively). CuO nanoparticles show onset of weak 

ferromagnetism (80 K and 220 K) depending on the size of nanoparticles. Our studies lay 

down a convenient procedure for the synthesis of homogenous nanoparticles of NiO (-- 

25 nm) with a narrow size distribution which show interesting magnetic and 
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electrochemical characteristics. All the commonly known manganese oxides could be 

obtained as single phases from the manganese oxalate precursor by decomposing in 

different atmosphere (air, vaccum or nitrogen). Both Mn0 (28 nm) and a-Mn203 (50 nm) 

are stabilized in cubic phases. a-Mn203 shows a weak antiferromagnetic transition (TN = 

80 K), while the spinet Mn304  (100 nm) particles show a ferrimagnetic transition at 43K. 

The ZnO nanoparticles obtained from zinc oxalate rods are — 55 nm in diameter. The 

photoluminescence studies show two peaks at 370nm and 403 nm which can be ascribed 

to free excitonic transition and donor - acceptor pair transition respectively. The 

temperature dependent PL intensity of ZnO shows an anomalous non-monotonous 

temperature dependence probably due to two different optical processes. The grain size 

was —35 nm for Co304, however Co nanoparticles were highly monodisperse and 

uniform of sizes 20-25 nm. Co304 nanoparticles show an antiferromagnetic ordering at 

—.35K, however, Co nanoparticles are magnetically ordered even at room temperature. 

Fe304 nanoparticles (-60-70 nm) are faceted in shape, however Fe203 nanoparticles (-50 

nm) are spherical and show a transition from a weakly-ferromagnetic to weakly anti-

ferromagnetic transition —225 K which is reminiscent of a Morin-like transition. 

In annexure, we discuss the synthesis of nanoparticles of complex manganites 

(viz. LaMn03, La.43.67Sr0.33Mn03 and La.0.67Ca0.33Mn03) using the reverse micellar route. 

The monophasic complex manganites are obtained at 800°C. The TEM studies show a 

grain size of 68 nm, 80 nm and 50 nm for LaMn03, Lao  67Sr0.33Mn03  and 

La0.67C4.33Mn03 respectively. We have observed the ferromagnetic onset at around 

250K for LaMn03, 350K for La0.67Sr0 33Mn03 and 200K for La0.67Cao 33Mn03. 
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