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INTRODUCTION 

Transition metal oxides constitute the most fascinating class of 

materials, exhibiting a variety of structural and physical properties. For the 

last several decades, the field of transition and rare earth metal oxides has 

served as a source of interesting and challenging research problems to 

technologists, chemists, and material scientists'. The perovskite type mixed 

oxides (ABO 3 ) occupy a prominent place under all the known ternary 

systems 2 . These materials possess well-defined bulk structures. An 

interesting characteristic of rare earth perovskites is the possibility of 

varying the dimensions of the unit cell by varying A-site or B-site ions by 

foreign metal ions, which make them to behave as chemical chamel:ons 3 

 with wide variety of solid-state and catalytic properties. The rare earth 

perovskites ht:pe been found to be good catalysts for several oxidation 

reactions and efforts are being made to replace the conventional noble metal 

catalysts by oxide catalysts 4 , which are economical, thermally stable and 

equally efficient. An investigation of catalytic activity of perovskites 

showed that they are better catalysts in view of their activity and thermal 

stability as compared with individual oxidess-7. 



Carbon monoxide (CO) and Propylene (C3H6) oxidation over 

perovskites are the interesting reactions in terms of practical importance, 

which are associated with the toxicity and the necessity to purify industrial 

and automobile exhaust gases. There is a growing demand for the pollution 

control catalysts either for industries or for the automobiles to have stable, 

more effective and viable catalyst. The study of CO oxidation has a long 

history and this reaction has the importance of its own from the point of 

utility. CO and propylene oxidation reactions in the present investigation are 

model reactions studied to test the catalysts. 

Complex oxides containing two or more cations have attracted 

attention in recent times because of their growing demand in variety of 

scientific and technological fields. These oxides find applications in many 

heterogeneously catalyzed oxidation reactions and are shown to be active in 

many oxidation - reduction reactions without poisoning. Some perovskite 

compounds with rare earth and first row transition series have a high 

catalytic activity for total oxidation of CO and hydrocarbons 8-12 . In addition, 

their activities are not significantly affected by poisons such as Pb and S 

present in automotive exhaust gases, thus making these materials promising 

anti contamination catalysts 13-14 . 

2 



Following Wolkenstein's electronic theory of catalysis' s , there is a 

growing awareness of the role of solid-state properties in the catalytic 

phenomena. Since then many correlations of catalytic activity with defects in 

solids, electrical and magnetic properties have appeared in the literature 16-20 . 

Ternary oxides chosen for the present investigation are series of 

perovskite systems. Because of their stable structure, perovskites have 

attracted attention in the study of structural and electronic factor in 

catalysis. These oxides have quite flexible structures in the sense that many 

metal ions with variable valency could be incorporated into them. Many 

perovskites have found potential applications such as ceramic materials, 

superconductors, semi-conductors, magnetic materials, and insulators in 

addition to being good catalysts 21-25 . It is therefore no wonder that a ueat 

cow-Atm through research is devoted to these properties to understand and 

extrapolate, the obtained data to design new materials to suit specific 

purposes. The oxide perovskites have distinct structural features which play 

a vital role in determining their electrical, magnetic as well as catalytic 

properties. The studies of these systems are quite useful in understanding , the 

fundamental and technological aspects to provide a rational basis for the 

catalyst selection. 

.>" 



The perovskite compounds containing first row transition and rare 

earth elements which are discussed in this investigations are prepared by a 

co-precipitation technique in order to achieve homogeneity and low 

temperature formation with more surface areas, unlike combustion and 

ceramic methods which require high temperatures for their formation, leading 

to the loss in surface area as a result of sintering. In the present study the 

catalytic oxidation of CO and propylene on selected perovskites with 

reference to activity, selectivity, kinetics and solid state properties has been 

attempted. 

The present investigation includes: 

1. Preparation of series of perovskites such as 

(a) La i _ xNd xNiO 3  , 	(h) La i _xNdxCo03 	(c) LaMni_xCox03 and 

(d) LaNi ; _ x Co x0 3  , 	( Where X = 0.0, 0.3, 0.5, 0.7, and 1.0 ) 

2. Characterization of perovskites by different methods such as X-ray 

powder. diffraction (XRD), Thermal analysis (TGA/DSC), Vibrational 

spectroscopy (FUR), Atomic absorption spectroscopy (AAS) and 

B.E.T. Surface area measurement techniques. 



3. Solid state properties of prepared perovskites such as Magnetic 

susceptibility, Electrical resistivity and Electron spin resonance 

(ESR) studies. 

4. Assessment of temperature dependence of CO conversion efficiency 

and kinetics over these perovskites. 

5. Study of temperature dependence of C 3 H 6  conversion efficiency over these 

perovskites. 

6. Since most of the perovskite oxides employed in this study exhibited a 

variety of possibilities for valency of cations, oxygen non-stoichiometry, 

binding energy, tolerance factor, and surface areas, it was aimed 

at identifying the factors contributing predominantly to the observed 

catalytic activity. 

5 
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REVIEW OF LITERATURE 

The Perovskite structure occupies a prominent place under all the 

known ternary systems of composition A130 3  This is due to its wide 

occurrence and. also to a series of interesting and useful properties 

associated with this structural type. Due to the increasing technical 

importance of several perovskite type materials, a number of books, 

monographs and review articles on different aspects of their structural 

characteristics and properties have been published in recent years 26-32 . 

The aim of this chapter is to briefly bring together such diverse data 

like structural, magnetic, electrical and catalytic properties of the rare 

earth transition metal oxides that is relevant to the present investigation. 

2.1 The Perovskite: 

Perovskites are named after the mineral CaTiO 3  that was identified 

by the Russian mineralogist L. A. •Per'ovski. Several hundred materials of 

stoichiometry ABO 3  adopt the perovskite structure or a slight distorted 

version. In the notation ABO 3  the A cation is conventionally larger of two 

metal ions. The rare mineral CaTiO 3 , which was thought possessing a 

6 



simple cubic structure was later, demonstrated as of pseudo-cubic type 

and the real structure is orthorhombic", the name perovskite was retained 

for the idealized cubic structure. 

2.1.1 The ideal perovskite structure: The crystal structure of a simple 

perovskite with one formula unit ABO 3  is shown in the fig. 2.1(a), with 

the A ion coordinated by twelve oxygen ions which in turn belong to eight 

B0 6  octahedra sharing corners as shown in fig. 2.1(b). This leads to a 

cubic structure with B cations at the corners and the oxygen anions 

framed at the centre of the edges. The stability is derived primarily from 

the Madelung energy of the stacking of rigid 110 6  octahedra. This requires 

that B- cation should have a preference for octahedral coordination. The 

A ion occupying the large dodecahedral interstice should have an 

appropriate size. The edge of the simple cube is approximately 4 A. 

The characteristics of a perovskite oxide structure are thus 

(1) a total charge of A and B cations is six, (2) an octahedrally 

coordinated B ion, (3) a dodecahedrally stable A ion and (4) corner shared 

octahedral B0 3  sub array. 

2.1.2 Stoichiometric aspects: For the simple oxide ABO 3  systems, the 

following classification can be made, on the basis of cation valencies: 

[ 1+5 = A' B Y  03; [ 2+4 = All Bev 03; [ 3+3 ] = A ny  B UT  03 These three 

types alone cover a large range of compounds. For example, Goodenough 

7 



B ION 	C)A ION 

Fig. 2.1 The Perovskite structure ABO 3  with one formula unit: 

(a)A ion coordinated by twelve oxygen ions. (b) Oxygen ions 

belong to eight B06 octahedra sharing corners. 



and Longo" listed approximately 300 of such perovskites giving detailed 

crystallographic and magnetic data. However, a great number of other 

possibilities arise when we consider mixed cation structures of the type 

(AA')(BB')03; A2(BB')03; A 3 B213'0 9 ; A(BOEV yB" z )0 3  etc. 

2.1.3 Polymorphism: A large number of perovskite like materials present 

in several polymorphic modifications. Some of them are very important in 

relation to their physical properties and applications. For example, in 

BaTiO3 and KNbO3 the following transformations are observed with 

increasing temperatures. 

Rhombohedral a orthorhombic a tetragonal a cubic. 

It should be noted that these phase changes are reversible and all 

the polymorphic forms possess a pseudo-cubic unit cell with edge of 4 A. 

The perovskite structure ABO 3  where in the axis of primitive 

rhombohedral cell are indicated in the fig. 2.2(a) whereas fig. 2.2(b) 

shows the comparison of the orthorhombic and the rhombohedral unit cell, 

drawn in a nondistorted perovskite structure. 

The 0 ions in the orthorhombic structure are found to he in a 

position mostly favourable to rhombohedral transitions and also at high 

temperatures, orthorhombic structure may be transformed initially into a 

rhombohedral and then to the ideal cubic structure. Phase transformations 

observed in LaMnO3 34 , with the rise in the temperature is from 

orthorhombic a cubic at around 327 ° C and cubic a rhombohedral at 
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527°C. Wold" et al also reported orthorhombic <z> rhombohedral 

transition in LaMn03. However as shown by Geller 36  only a very few 

orthorhombic compounds may actually be transformed into rhombohedral 

and also a very few of rhombohedral can get transformed into a cubic 

phase at high temperatures. 

2.1.4 Defect perovnkites: Defects in perovskites materials can arise from 

cation deficiency in the A or 13 sites as well as from oxygen deficiency. 

The subject has been briefly and nicely reviewed in a recent book of Rao 

and Gopalakrishnan 37 . 

2.1.5 Distorted perovskites: Deviation from suitable radii may lead to 

distortion of the ideal cubic structure, when the cation A is too large for a 

dodecahedral void, a distortion to a hexagonal stacking with face shared 

octahedra is favoured for the optimization of the B-O bond length. If the 

cation A is too small, the unstable twelve-fold coordination reduces to 

lower coordination. These ionic size effects are the prime reasons why the 

anions preferred for the perovskite formation are fluorides and oxides and 

not chlorides or sulfides. The larger- radii require much larger A- site 

cations. So that usually they form layer structured compounds when the 

A cations are missing. 

The atomic displacements along the cube axis, face diagonal or cube 

diagonal might resort to tetragonally, orthorhombically or rhombohedrally 



modified crystal structures respectively. Among these as pointed out by 

Geller", orthorhombic and rhombohedral modifications are found to be 

common in the perovskites as shown in fig.2.2. Both type involve the 

rotation of B06 octahedra occurring to different extents. The 

metal-oxygen bond can vary anywhere between highly ionic to covalent or 

metallic. 

2.1:5.1 Orthorhombic perovskites: The GdFeO 3  structure was the first 

identified orthorhombically distorted perovskite 39 . In this structure the 

Fe0 6 - octahedras are distorted and tilted. Also the Gd012- polyhedron is 

severely distorted, showing (fit-4) coordination. A great number of 

lanthanide compounds adopting this orthorhombic distorted structure 32  are 

LnCrO3, LnGaO3, LnFeO3, LnMn03, LnRhO3 etc. 

2.1.5.2 Rhombohedral perovskites: In several materials, the cubic cell 

may have a small deformation to rhombohedral symmetry. If this 

deformation does not enlarge the unit cell, it is possible to index it on a 

unit cell containing either one or two formula units with rhombohedral 

angles oc — 90 °  or oc — 60° respectively. However, the anions that are 

generally displaced require the larger unit cell with oc — 60 °  Examples of 

rhombohedral perovskites are LaA103, LaNiO 3  and LaCoO3 

LaCoO3 has rhombohedral structure at room temperature. It 

undergoes two interesting phase transitions 40  transforming to another 

1 2 



rhombohedral phase, in which trivalent cobalt is ordered in such a way 

that there are alternating (111) planes with high spin and low spin Co (III) 

ions. Above 937 ° C, a second phase transition occurs, in which cc- angle 

drops abruptly from 60.4 °  to 60.0 °  

2.1.5.3 Origin of distortion: Considering the fact that a small fraction of 

ABO3 oxides stabilizes in the ideal perovskite structure, it is evident that 

in addition to relative radii effect, other factors like covalency, 

Jahn-Teller effect, ordering of localized and collective electrons, ordering 

of B cations and the commonly prevalent nonstoichiometry also contribute 

to the distortion of the cubic structure. 

a) Ionic size effect: The ionic radius of Lnn  decreases with the increase 

in the atomic number in a period. Marezio n  reported an increasing 

distortion of an ideal cubic perovskite with the decreasing ionic radius, as 

also reported by 13aiker" for LnFe03 and Demazeau` n  for LnNiO3. The 

importance of the ionic size for the perovskite formation has been 

illustrated by Obayashi and Kudo 44  in the study of substituted 

MxLni_xCoO3 series (where Ln stands for lanthanide ion and M for 

alkaline earth ions). LaCo0 3  exhibits a rhombohedral distortion. 

Substitution of Lan  by smaller Ca +2  ions retains the perovskite structure 

upto a substitution corresponding to x = 0.7. The radii of the lanthanide 

ions themselves decreases in the series due to lanthanide contraction. The 

substitution by the smaller Ca +2  ions drastically decrease the effective 

-1 



radii of the A site. Because of this additional reduction, the above limit of 

perovskite structure stabilization decreases in the lanthanide series, such 

that Gd +3  and higher lanthanides do not form compounds with perovskite 

structure on Ca +2  ions substitution. It is thus natural that substitution by 

bigger Ba +2  ions out beats the lanthanide contraction so much so that even 

the much smaller Erbium ion stabilizes in the perovskite structure for 

x = 0.7 - 0.9 in Eri_xBaxCoO3 

In an ideal structure, when the atoms are just touching one another, 

the B-O distance is equal to a/2 whereas A-O distance is I2(a/2), where a 

is the cubic unit cell length and the following relation between the ionic 

radii holds. 

(rA  ro) = 2 (rB  + ro) 

where r A , rB and r o  are the ionic radii of A, B and 0 respectively. 

Notwithstanding, it was found that the cubic perovskite structure or 

slightly distorted variants of it, was still retained in ABO 3  compounds 

even where this relation is not exactly obeyed. As a measure of deviation 

from ideality, Goldschmidt" introduced a 'tolerance factor' t, defined as 

t 	(r A  ro ) / 	2 (rB + ro ). 

that is applicable at room temperature to the empirical ionic radii. For an 

ideal perovskite, t- is unity, however the perovskite structure is also 

found for lower t - values (0.75 < t < 1). In such cases, the structure 

distorts to tetragonal, rhombohedral or other lower symmetries. Megaw 33  

14- 



observed that in the range of 0.75 < t < 0.90, an orthorhombic distortion 

is favoured, while within 0.90 < t < 1.0 range, rhombohedral modification 

may exist. This tolerance factor limits have been widely quoted in the 

literature", while dealing with the structural deformation. For example 

Obayashi and Kudo 44  explained the non-formation of perovskite type 

oxides in the LnCoO3 series after Europium, as due to falling of the 

t - value below 0.7. 

Indeed, many perovskite oxides are polymorphs. Besides, the above 

given geometric relations, for the stability, the A and B cation must, in 

themselves, be stable in twelve fold or (8 + 4) or (6 + 6) and six fold 

coordination respectively. This condition sets lower limits for the cation 

radii. In oxide systems'', these limits are r A  > 0.90 A and r i3  > 0.51 A. 

A typical and well-known example of the ideal cubic perovskite structure 

at room temperature is SrTiO 3 , in which the Ti06- octahedras are 

undistorted with 90 °  angles and six equal Ti-0 bonds at 1.952 A. Twelve 

equidistant oxygen atoms at 2.761 A surround each Sr ion. It is also 

interesting to know that many compounds present the ideal cubic structure 

only at high temperatures and generally this high temperature forms 

cannot be quenched". 

Yake1 52  suggested the difference between the theoretical and 

observed tolerance factor, as due to partial covalent bonding between the 

'transition metal ions and oxygen ions by considering a small inter atomic 



distortion and the lattice distortion. Moreover, the constantly revised 

ionic radii leave much uncertainty in the calculated tolerance factor 

values. Further, since the tolerance factor of many perovskite compounds 

fall outside the admissible limits, Geller 53  thought it worthwhile to 

estimate the ionic sizes. By comparing even a single series of A +3 B +3  0 3 

 oxides, he found that the equilibrium distance of A+3 -0 -2  and B +3 -0 -2 

 respectively are substantially affected by A+3  and B43  ions. Hence he 

concluded that the region of distortion is much more complex through the 

relative effective ionic size which plays an important role in the 

distortion. Suzuki et a1 54  has reported structural phase transition of 

LaMO3 perovskite oxides with different size of B- site ions. They found 

the doping effect on the phase transition from orthorhombic to 

rhombohedral structure in terms of size of B- site ions and tolerance 

factor. The transition temperature with different size B ion linearly 

decreased with the t indicating that the perovskite with small tolerance 

factor is distorted resulting in the higher transition temperature. 

b) Jahn -Teller, Covalency and Temperature effect: LaMnO3 crystallizes 
- - 

in both rhombohedral and orthorhombic modifications. Mn +3  ion itself a 

Jahn-Teller ion, a distortion to a low symmetry ordering can be expected, 

at low temperatures. But the nature and extent of distortion has been 

observed to depend very much on the preparative conditions. 



This behavior of LaMnO3 has been attributed to the fluctuating 

Mn +3  /Mn+4  ratio. 

Yake1 52  noted a change of crystal symmetry from orthorhombic to 

rhombohedral phase at 3 5% of Mn +4 'concentration of the total Mn ions. 

Wollen and Koehler" from neutron diffraction studies observed that an 

antiferromagnetic LaMnO3, consists of layers of Mn +3  ions coupled 

ferromagnetically via intervening oxygen ions in a given set of (001) 

planes but the alternate planes have antiferromagnetic spin orientations. 

Further depending upon the Mn +4  concentration the manganite shows 

different type of antiferromagnetic structures, This suggests that factors 

.other than Jahn-Teller ordering may be involved.'Whangbo et al so  recently 

studied the effect of metal-oxygen covalent bonding on the competition 

between Jahn-Teller distortion and charge disproportion in the high-spin 

d 4  metal ions in LaMnO3 perovskite using electronic factor. Jahn-Teller 

distortion is favored over a charge disproportion because the covalent 

character is weak in the Mn-O bond. 

Goodenough 57  with the formulation of new hypothesis of covalent 

and semi-covalent bonding between the 0 and Mn ions, was able to 

explain the several crystallographic and magnetic lattices present in the 

manganites. Mn+3  ions with d 4  electronic configuration, hybridizes with 

empty s and p orbital to give dsp 2  square planar orbitals. Mn" ions with 

d 3  electronic configuration, can have d 2 sp 3  hybridization and the six 

hybridized orbitals point towards six oxygen ions in the octahedral 
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arrangement. These two sets of hybridized orbitals can give rise to three 

possible Mn-O bonds. 

(i) Covalent or semi-covalent bond, if an empty Mn orbital points towards 

the 0 -2  ion. 

(ii) An ionic bond, if the empty orbital poinis away from 0 -2  ion, and 

(iii) A metallic-type bond, if the 0 -2  ion is between an Mn t3  and Mn ." ions. 

The first is stable and has a shortest Mn-O bond. In LaMn+ 3 03, the square 

planar dsp 2  hybridized orbitals alioW 2/3" of the Mn-O bonds to be 

semi-covalent or covalent. These bond types lead to different Mn-Mn 

separation and lead to an increase in the elastic energy of the crystal. The 

covalent bonds then order below a certain temperature causing lattice 

distortion. 

Wold and Arnott 35  observed a transformation from orthorhombic to 

rhombohedral phase, at high temperature. Increase of lattice parameters 

• with temperature will also have the same effect of decreasing the ordering 

and hence the distortion. Because of the parallel effect, the magnitude of 

distortion and the temperature of transformation were also observed to 

decrease with increase in concentration of foreign ions. 

c) Ordering of B, B'. cations: If the same B cation exists into two 

distinguishable states, ordering among them is possible at low 

temperatures, which will give rise to additional distortion. LaCo0 3  at 

lower temperatures has R3c symmetry" and the cobalt ion exists in low 
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spin state. Since the energy difference between high spin Co +3  and low 

spin Co ions is only 0.08 eV; their population becomes nearly equal 

around 127° C. Relatively small size and hence increased covalent bonding 

with 0 atom through empty e g  orbitals cause changes in the effective ionic 

charge at Co" )  ions, which differentiate it from Co +3  ions. These two 

distinguishable B ions affect anion displacement 58 . In anion displacement, 

the A03 (111) planes may remain equidistant from neighbouring B cation 

(111) planes, leaving all the cations equivalent. Within these planes, three 

A-O distances are reduced and three are enlarged via cooperative rotation 

of the B- cation octahedra. But in LaCoO 3  at 127°C, the anion movement 

occurs within pseudocubic (110) planes including the B-B axis. This 

creates two distinguishable B- positions: the B- position with a shorter 

B-O separation and the B'- position having a larger B'- 0 separation. This 

further reduces the symmetry to R3m. 

2.2 Nonstoichiometric Effect: 

The ease of formation of different oxidation states by transition 

metal ions, generally introduces nonstoichiometry in their oxides. 

Nonstoichiometry may be present with respect to all the three types of A, 

B and oxide ions 59-61 . Since the A cation mainly fills the dodecahedral 

void, it can be expected that A site vacancies will be more common. An 

extreme example of this nature is Re0 3 , where all the A sites are vacant. 

The B06 octahedra being the building block of the perovskite structure, 



the B site vacancies will be quite rare, but ease of stabilization of B 

cations in different oxidation states can give rise to a good amount of 

anion nonstoichiometry. Oxygen nonstoichiometry can he of two types 

(i) 0- excess (AB03.8) and (ii) 0- deficient (AB03.8). 

LaMnO3+8 is a good example of 0- rich perovskite, with 8 as high as 

0.15. Lattice parameters variation with charge of 0- content was noted by 

Gallager et, a1 62  in La0.7Pbo 3Mn03 system. In reducing atmosphere 

conversion of Mn +4  to Mn+3  ions is accompanied initially with 0- vacancies 

leading to an increase in lattice parameters. More than 5 % loss of oxygen 

is followed by the reduction of some Mn +3  to Mn+2  ions, along with the 

creation of additional 0- vacancies. At around 20 % oxygen loss, all the 

Pb +2  ions are reduced, accompanied by the separation of MnO phase and 

the lattice parameter of the perovskite dropping to that of LaMnO3. 

Voorhoeve et a1 63  reported even change of crystal structure with 

0- content. LaMn0 3  oi is orthorhombic, whereas LaMn03 is is 

rhombohedral. The manganites of higher lanthanides were prepared by 

Mc Carthy et a1 64  in air and were observed to be slightly 0- deficient with 

a small but significant variation in their lattice parameters. Gonen et a1 65 

 reported the nonstoichiometry in LaMnO3+8 which is most likely 

accommodated by creating vacancies both at A and B- sites of the 

perovskite structure. Jorge et a1 66  synthesized perovskite samples by two 

•different methods and observed that the formation of perovskite phase was 
L 

significantly influenced by the synthesis and processing conditions. 



Samples obtained by the citrate route have a less distorted structure and 

are always more oxidized and consequently have a higher Mn +  content 

than those prepared by the ceramic method. 

These nonstoichiometry studies also have thrown much light on the 

stability of these oxides. Gallagher et a1 62  reported that cobaltites were 

less stable than manganites, while alkali earth substituted manganites were 

more stable than the lead substituted ones. The instability of LaCo03 and 

LaNiO3 was explained by Nakamura et al" as due to the existence of 

K 2 NiF4  type stable compounds. The stability of the LaMO 3  compounds was 

in the order LaCr0 3  > LaVO3 > LaFe0 3  > LaMnO 3  > LaCo0 3  > LaNiO 3 . 

2.3 General properties of perovskites: 

The ABO 3  perovskites exhibit several interesting properties such as 

ferromagnetism, ferroelectric, pyro- and piezoelectricity, 

superconductivity (both classic and high Tc), large thermal conductivity, 

fluorescence and catalytic activity. 

2.3.1 Electrical properties: Perovskites possess interesting electrical 

properties ranging from insulators to metallic conductors. Many 

perovskite oxides present high electrical resistivities, which make them 

useful as dielectric materials. However another group of materials, which 

contain B-ions in an oxidation state lower than their most stable one or 

which contains B-ions in two different oxidation states are fairly good 
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conductors or semi-conductors. Conductivity data of many perovskites 

have been related to their magnetic properties, which in turn depend upon 

the crystal structure 21 . Phase transformations or magnetic properties of 

these materials often influence their conducting properties. Goodenough 58 

 showed that in LaNiO3 , there is metallic conductivity from -200 to 300 ° C, 

and the conductivity is via d- electrons of transition metal oxides, the data 

obtained strongly supports the existence of a partially filled a* band. It 

was observed for LaCoO 3  that below — 400 K, it is a semi-conductor. In 

the range 400 < T < 1200 K the conductivity increases much more rapidly 

with temperature than in the low temperature region. 

Vassiliou et al" studied the resistivity of NdNiO3, which was 

recorded to be 1.5 X 10' 2  ohm.cm. They also studied the temperature 

dependence of resistance and found that in the temperature range between 

130 and 300 . K, NdNiO3 behaves like metallic. At lower temperature the 

metallic behaviour changes smoothly to semi-conducting, the resistivity 

increases rapidly with decreasing temperature. Between 130 and 50 K the 

conductivity is thermally activated. This behaviour is typical of a semi-

conductor indicating that NdNiO 3  undergoes a metal to semi-conductor 

transition at about 130 K, which is structural in nature. 

Lacore et a1 47  studied conductivity measurements of RENiO 3 

 (RE = Sm, Nd, Pr, La) perovskite which revealed that these compounds 

have a M-I transition and that increasing the rare earth radius leads to 

higher conductivity via decreasing the temp of this transition. Correlating 



the structural and conductivity effects, they concluded that increasing the 

rare earth radius decreases the distortion between neighboring Ni0 6 

 octahedra, this improves the electronic overlap between Ni ions and 

decreases the temp of M-I transition. The main component of the 

distortion from ideal cubic perovskite structure corresponds to the tilting 

of the Ni06 octahedra". These angles are basic parameters in the magnetic 

and electronic behaviour of the RENiO3 systems because they govern the 

transfer integral between Nie g  and oxygen 2p orbitals and therefore there 

is electronic transfer and exchange energy among them. The changes at the 

transition are essentially due to (i) an increase in Ni-0 distances, and 

(ii) a sudden increase in the tilt of octahedra. The temperature dependence 

of the resistivity of LaNiO3 was studied by sreedhar et a1 68  and found a 

positive coefficient of resistivity, typical of a metal, down to 4.2 K with 

the resistivity varying from — 1.8 milli ohm.cm at 290 K to — 0.5 milli 

ohm.cm  at 4.2 K. These resistivity values are nearly two to three orders of 

magnitude larger than those characterizing ordinary metals. 

Blasco et a1 69  observed M-I transition in NdNiO3 and similar 

behaviour in the electrical properties without regard to grain size of 

samples guaranteeing the intrinsic behavior of material and the 

conductivity mechanism cannot be explained either as in a claSsical 

semi-conductor or by the motion of electrons in a conduction band in the 

metallic phase Ni-O-Ni angle. 



Sharma et al" arrived at a conclusion that insulating property of 

NdNiO3 against the metallic LaNiO 3  is due to the increased hopping 

interaction strength of LaNiO3 between the oxygen and Ni d-states. 

NdNiO3 derive their ground state insulating property from the 

simultaneous presence of electron correlation and strong covalence effect. 

Goodenough" showed that NdNiO3 above a first-transition temperature 

Tt, it is metallic, whereas below Tt, it is antiferromagnetic insulator. 

Thornton" observed a broad higher order semi-conductor to metallic 

transition between approximately 520 and 750 K for LaCo0 3 . 

Recently, Barman" reported the resistivity and magnetoresistance 

measurements of perovskite oxides LaMn03, 8 , LaCoO3+8 and LaNiO3_ 8 . The 

sample LaMn03+ 8  showed a small increase in resistivity in the low temp 

range below. 30 K and large resistivity peak and large negative 

magnetoresistance in the temp range of about 250 K, which can be 

ascribed to the double exchange mechanism, due to the presence of mixed 

valency of Mn (Mn+3 /Mn+4 ). The LaCoO 3 + 8  shows a sharp fall in the 

resistivity near 50 K and after that a semi-conducting behavior, which is 

due to, combined effect of spin state transition of Co ions and the typical 

thermal activation of the semi-conductors. The LaNiO 3 . 8  sample shows a 

metal-semiconducting type of transition near 135 K, which shifts towards 

higher temp with application of magnetic field. Mahesh 24  observed that 

rare earth manganates of the formula Lai_ x A x Mn03 (A = divalent alkaline 

earth cation) becomes ferromagnetic and undergoes an insulator-metal 



transition around Curie temp Tc, when the Mn" content is around 30%. 

These materials also show giant magneto resistance, especially around Tc. 

2.3.2 Magnetic properties: Perovskites exhibit interesting variation in 

their magnetic properties, due to ordering and orientation of spins in the 

lattices. This kind of ordering of spin results in ferromagnetic, 

antiferromagnetic and ferrimagnetic materials. 

Ferromagnetism arises out of the parallel alignment of magnetic 

moments of the ions and leads to higher magnetic moments than ferri and 

antiferromagnetic materials. Antiferromagnetism is due to the opposite 

alignment of the magnetic moments and has zero resultant magnetic 

moment due to the difference in the magnetic moments oriented in either 

ways. 

A number of different and interesting magnetic properties have been 

75 reported for perovskites like cornpounds 22 
•
48 

•
4966 

•
67 

•
72 • 74 • 	ranging from 

paramagnetic to anti-ferromagnetic just by changing the temp. In some of 

them, the outer d- electrons are localized and spontaneously magnetic, in 

some they are itinerant and spontaneously magnetic and in others Pauli 

paramagnetism has been found. These properties are stabilized depending 

on the number of d- electrons per transition metal B-cation and strength 

of B-O-B interactions. Generally, d-electrons in transition metal 

. perovskite can occupy either localized or itinerant states depending on the 

transition metal ions. In LaFeO3, a magnetically ordered semi-conductor, 



the Fe (III) ions are in the high spin configuration, t2 g 3 e g 2 , while the low 

spin t 2g 6 e g i  of Ni (III) ions in LaNiO3 gives rise to metallic behaviour. 

LaCoO3 is intermediate between these two extremes; the d- electrons 

exhibit localized and itinerant behaviour at different temp 4076,77
. 

The interaction energy between two metal ions depend on (i) the 

distance between these ions and oxide ion through which the interaction 

•occurs and (ii) the angle M I -0-M" (M = metal ion). The exchange energy 

decreases rapidly with increase in the distance and will be greatest, if the 

angle is 180°. 

In magnetic oxide perovskites, the common exchange mechanism is 

that of Super exchange type; i.e. the mutual interactions of the metal ions 

through the oxygen atom situated between them. 

The unsubstituted LnBO 3  oxides are interesting by themselves 

because of the different magnetic structures shown for different transition 

metal ions. For example in the first row transition metal series, chromites 

are antiferromagnetic, manganites are either antiferro- or ferromagnetic, 

orthoferrites are weakly ferromagnetic, cobaltites are paramagnetic and 

nickelates are pauli paramagnetic. Koehler" carried out neutron 

diffraction studies, which can shed light on magnetic structures of these 

oxides. LaMnO 3  has an A type magnetic structure with ferromagnetic 

coupling between Mn +3  ions in a plane and an antiferromagnetic coupling 

between Mn+3  ions in the adjacent planes. Goodenough" has developed a 

new theory of covalency using hybridized orbitals to explain the magnetic 
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structures of LaMnO3 and CaMnO3, which is applicable to LaCrO3 as well. 

Cobaltites" though do not have any such spontaneous ordering, are queer 

enough due to the profound effect of the temperature on the spin and 

oxidations states. The magnetic susceptibility of LnCoO3 (Ln = La, Pr, Nd 

and Ho) shows three regions of interest: (i) a low temperature region 

where l/xg is essentially linear with temperature, (ii) an intermediate 

temperature region where l/xg is independent of temperature, and 

(iii) a high temperature region where l/xg is again linear but leading to a 

higher effective moment. 

Mossbauer and DTA studies have confirmed several processes taking 

place in these regions. At low temperature, Co-ions are essentially 

low- spin, with the rise in temperature they are thermally excited to a 

high-spin state, which is only 0.08ev higher in energy. Around 200 K 

high-spin to low-spin ratio being more, electron transfer occurs from 

high-spin C to low-spin Co (I " )  ions, resulting in low-spin Co (11)  and 

intermediate spin Co (Iv)  t 2g 4 e g l  ions. This is followed by the onset of a 

short range ordering around 400 K, accompanied with simultaneous 

increase in. Co +3  concentration and cation-anion movements. Around 650 

K, complete ordering of Co ." and Co (III  alternate (111) planes, effects 

a change of crystal symmetry. 

Magnetic structure analysis" of LaMnO3 revealed the nature of 

coupling between the Mn-ions. A, ferromagnetic coupling between the 

planes, suggest that Mn +3 - Mn +3  interaction is distance dependent as was 

27 



proposed by Watanabe 78  . For the system LaCo xNii_ x03, Rao et al" 

pointed out that Ni substitution, forces the Co-ions to low spin state, so 

for X < 0.7, the compositions are Pauli paramagnetic. High-spin Co-ions 

are created only at high temperatures, 300 K for X = 0.7 and 800 K for 

X 0.05. On the contrary, substitution by Fe stabilizes Co in high-spin 

state. 

Goodenough et a1 8°  has studied the crystal symmetry and magnetic 

property correlation in the system LaMn i .xMx03.8 (M = Ga and Co). The 

Mn+3 -0-Mn+3  super exchange was found to be crystal structure dependent. 

They observed maximum magnetic moment in the range of 0.25 < X < 0.4 

for. Cobalt containing compounds. High temperature or substitutions with 

non Jahn-Teller ions (Co +3 ) decreases the O'-orthorhombic distortion and 

increasel'the isotropic ferromagnetic coupling. Co-ions here thought to be 

in diamagnetic low-spin state with Mn ions only contributing to the 

magnetic moment value for X < 0.5, composition with x = 0.5 shows a 

double curie point. It was assumed that both high and low-spin states 

co-exist for higher value of X. Instead, Jonker" who studied the same 

system LaCol_xMnx03, suggested the formation of Co +2  and Mn+4  ionic 

states and a strong positive interactions between them. Recently Yang 74 

 arrived at a conclusion that Co ions in the above-doped system have 

nonzero magnetic moments. They do not lie in the low-spin states as in 

LaCo0 3  The total moments of the doped compounds are decreasing with 

the concentration of Co dopant varying from 0.25 to 1.0, which is due to 
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the decrease of Mn/Co ratio and the local moments of both Mn and Co 

ions in the doped compounds, They concluded that LaMnO3 is 

antiferromagnetic, LaCoO3 is paramagnetic whereas intermediate 

compounds are ferromagnetic in nature. 

In LaMn03,6; rhombohedral phase, the electron orbitals are 

degenerate and any static, co-operative Jahn-Teller deformation is 

suppressed. As 8 increases, the Mn03 array is oxidized to give a 

mixed-valent Mn +3 /Mn +4  system. Trapping of Mn +4 ions at the cation 

vacancies introduces super magnetic clusters, within which fast electron 

transfer from Mn +3  to Mn" ions introduces a ferromagnetic double 

exchange that is stronger than tbe antiferromagnetic Mn +3 -02pn-Mn +3 

super exchange interaction. 

Before the nineties, very little was known about the magnetic 

behavior of RENiO3. Goodenough" studied susceptibility measurements as 

well as neutron diffraction studies on the LaNiO3 for the first time but no 

evidence of magnetic ordering was found above 10 K. The value and the 

temp dependence of the magnetic susceptibility were consistent with a 

Pauli paramagnetic behavior. These results were agreeable to Demazeau 43 

 and concluded that only those compounds with diamagnetic RE+3  ions 

show magnetic susceptibility measurements. Since 1989, several 

authors 46,82,83  reported magnetic susceptibility measurements on PrNiO3 

and NdNiO3, but could not derive any information about the behavior of 

the Ni magnetic moments, since the contribution of the Pr +3  and Nd +3  ions 



are enormous. The Curie-Weiss behaviour s ' was observed for YNiO3 and 

LuNiO3. A sudden increase of magnetic susceptibility at 145 K for Y and 

130 K for Lu was interpreted as the onset of co-operative ordering of the 

Ni magnetic moments. From the refined values of the Curie constant they 

concluded that Ni ions were trivalent with the low-spin t 2g 6 eg' 

configuration. Garcia" studied the magnetic structure of PrNiO3 and 

NdNiO3. The most interesting feature of such a magnetic arrangement is 

that the existence of an equal number of ferromagnetic (F) and 

antiferromagnetic (AF) coupling between nearest neighbors. In other 

words, each Ni magnetic moment is coupled with three of its six nearest 

neighbors via AF interactions, whereas the coupling with the three others 

is F. 

In the orthorhombic structure, the e g  orbitals are split into two 

non-degenerate a g , and a g2 . If only one of the a g  orbitals were occupied, 

then Goodenough-Kanamori rule” would have predicted the existence of 

AF coupling between the Ni magnetic moments. The experimentally 

observed arrangement contradicts to a uniform occupation of the a g 

 orbitals (only one of them is occupied). Actually observed magnetic 

structure results from the occurrence of an orbital super-lattice. As the 

difference in energy between the a g , and a g2  orbitals may be very small 

(not very different from the intra-atomic ferromagnetic exchange), the 

. competition between inter-atomic exchange correlation and the energy 

gain by the electrons occupying the lower energy orbital can lead to a 
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ground state in which the lattice breaks up into two sub lattices, each with 

predominantly one of the a gi  or the a ge  orbitals half occupied. The nearest 

neighbouring Ni atoms with the electrons in the same orbital will be the 

AF coupled and those with a different orbital occupancies will prefer to 

align their S = 1/2 spins parallel. 

Another mechanism, which may induce orbital ordering, is the 

co-operative Jahn-Teller effect". In LaMn0 3  compound, the electronic 

configuration of Mn +3  is t 2g 3 e g 1 , to break the degeneracy of the e tc ' 

orbitals, a strong elongation of the Mn0 6  octahedra takes place, resulting 

in the orbital ordering. The orientation of the e g  orbitals can be directly 

deduced from the alternating arrangement of the elongated Mn06 

octahedra. In RENiO3 perovskites however, no appreciable Jahn-Teller 

distortion has been observed, the existence of an orbital super lattice 

being invoked uniquely to explain the existence of such an unusual 

magnetic structure. Rosenkranz" studied the co-operative magnetic 

ordering in the Nd sub-lattice. The sharp rise of some magnetic reflections 

observed below 30 K indicates the existence of induced magnetic ordering 

of the Nd +3  moments in NdNiO 3  

Thus in the case of transition ✓ metal rare earth perovskites the 	B-B 

interaction and A-B interaction predominate depending on the size and 

electronic configurations of the A-site and B-site ions. The compounds 

will exhibit either antiferromagnetic, ferrimagnetic or paramagnetic 

behavior depending on the relative strength of these interactions. 
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2.3.3 Vibrational Spectroscopy: Infra red spectroscopy is a powerful and 

widely used tool for the characterization of perovskite materials. As there 

exists a close relation between spectra and structure, the analysis of 

vibrational (infrared and Raman) spectra provides .a rapid and sensitive 

method for obtaining structural information. 

A large number of spectroscopic studies on perovskite related 

materials have been published in the recent years 87-93 . For the ideal cubic 

perovskite, the optically active internal vibrations can be classified as 

Tob = 3Fi u  + F2u. Flu modes are IR-active, whereas F2„ is inactive. These 

four vibrations can be described, in a crude approximation as follows: 

y i  (Fl u ) is the B-O stretching vibration of the B06- octahedra, y2 (Flu) is 

essentially an O-B-O angle deformation coupled to some extent with A-O 

motions, y (Fl u) represents the motion of the full A-lattice against the 

B06- octahedra, and the inactive mode ya (F2 u ) is also an O-B-O angle 

deformation. The expected band order is usually yi > y3 > y4 > y z . As y 4  is 

in active and 7 2  is usually expected to lie at very low frequencies. Cubic 

perovskites show rather a simple, two band infrared spectrum 93-97 . 

In the case of distorted or lower symmetry materials, one may 

expect some splitting of the Fl u  modes and the eventual activation of 

7488.100. perovskite oxides were investigated in a classical paper by Last 97 

and later by numerous other workers 9-2. ' ° ' and the literature cited there in. 

The previous analysis of the vibrational modes of a cubic perovskites 
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suggests some mixing between B06 and A012 motions; this is especially 

true for A -  15 03 and A II I3 IVu'-'3 materials. This mixing is probably lowered 

in the case of A 1 13 v03 phases and also in more complex stoichiometries, in 

which a highly charged cation is located at the B - sites. 

Another point of interest is that IR- studies can be used to 

differentiate perovskite forms from other polymorphic forms 102 . Recently, 

a number of oxidic materials structurally related to K2NiF4 have also been 

investigated by means of IR-spectra techniques" 3 •" 5  

2.4 Heterogenous catalytic process: 

Every heterogeneous catalytic process involves the following steps 

1. Diffusion of the reactants from the bulk to the surface of the catalyst. 

2. Adsorption of the reactants on the catalyst surface. 

3. Chemical reaction of the adsorbed species on the catalyst surface. 

4. Disorption of the products from the surface and 

5. Diffusion of the products into the bulk. 

Depending on the slowest step, the catalytic process can be 

classified as either diffusion controlled or kinetically controlled. An 

understanding of the kinetically controlled catalytic process requires the 

study of nature of adsorption as well as the reaction mechanism. 



2.4.1 Studies on carbon monoxide oxidation by oxygen: 

Catalytic oxidation occurring on the surface of metal oxides has 

been classified by Voorhoeve et al 1A6  as intrafacial and suprafacial. 

Suprafacial is the one involving a relatively less active catalyst surface. 

The role of the transition metal ion is to provide proper atomic orbitals 

for the adsorption of the reactant molecules. Even there the surface 

properties affect the nature and mode of adsorption of the adsorbate and 

hence indirectly affect the catalytic process. In the intrafacial process, the 

catalyst undergoes a redox type reaction with the reactant (i.e. its surface 

is alternatively oxidized and reduced during the reaction). 

The oxidation of CO can proceed in general in two ways depending 

on the nature of the surface oxygen that is involved in the reaction. 

a) Reaction with oxygen in the adsorbed state: This can occur either 

through a Langmuir-Hinshelwood or Eley-Rideal type of interaction 

depending on whether CO reacts from an adsorbed state or from gas phase 

with adsorbed oxygen. The interaction between chemisorbed reactants is 

referred as Langmuir-Hinshelwood mechanism and other as Eley-Rideal 

mechanism. The reaction between adsorbed CO and gas phase 02 is known 

to be uncommon. 

b) Reaction involving lattice oxygen: In this mechanism, the adsorbed 

CO reacts readily with lattice oxygen to form CO2 and lattice oxygen is 

then replenished by gas phase oxygen. 
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2.4.2 Studies on propylene oxidation by oxygen: Much attention was 

_given to various oxygen forms on the surface of oxide catalysts. The 

existence of atleast the molecular radical ion 02 - , of atomic 0', and of the 

regular ions in the lattice of 02 -  in oxide systems is beyond doubt. The 

multiple arguments in the favor of the participation of various oxygen 

forms in organic oxidation are reviewed by Sachtler l ". He concludes that 

the contribution of regular lattice ions to hydrocarbon oxidation is most 

probable both for transition metal ions and for more complex oxide 

systems. The structures and the surroundings of individual ions in the 

catalyst, their surface coordination and electron interaction have been 

determined by such spectroscopic techniques as IR, UV and ESR. A 

characteristic feature of almost all oxide catalysts is the change in ion 

valency induced by interaction with the environment and in fact the 

reaction occurs on a partially reduced catalyst. The total oxidation of 

propylene occurs through a suprafacial catalysis mechanism in which 

adsorbed oxygen (not lattice oxygen) is the dominant 0-species 

participating in the catalytic reactions. The catalyst provides orbitals of 

the appropriate energy and symmetry for bond formation with reactants 

and intermediate'" 



2.4.3 Metal and metal oxide surfaces: 

A review article by Savchenko 109  presents the current status of 

oxidation of CO on metals. Rajadurai and Carberry 110 have demonstrated 

the structure sensitivity of Pt-catalysts for CO oxidation. Jin et al' 

 the role of lattice oxygen in the case of Pt/CeO2 catalysts for 

•the oxidation of CO. Kim et al 112  studied the oxidation of CO on 

CdO/La203 system and reported that CO essentially chemisorbs on the 

lattice oxygen of Cd- doped La20 3  while 02 on the lattice oxygen 

vacancies induced by Cd doping. Gagarin et al l " made an attempt to 

project the role of electronic factor of the catalysts on the catalytic 

oxidation of CO. Indoniva et al l " studied the CO oxidation on CoO/MgO 

and observed that the d-electron configuration of Co +2  is of primary 

importance and the nature of matrix and the extent of dispersion are less 

relevant. 

Kobayashi et al"' by using transient response method suggested a 

mechanism involving interaction of gaseous CO with surface anions or 

neutral oxygen for the formation of CO2 on ZnO surface. Jen and 

Anderson 116  concluded that CO reacts readily with oxygen at the surface 

to form CO2, which can immediately bind to 0 2 " to form surface 

carbonate. Reaction with isolated 0" has a higher barrier on account of 

0-CO bond formation with promotion of electron to surface conduction 
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band, in this case CO2 gets dissociated from the surface thus stabilizing 

the promoted electron. 

Huang and Yu"' observed a large variation in the surface properties 

of a commercial copper oxide/ y-alumina catalyst induced by calcination in 

the temperature range of 723 - 1323 K both in oxidizing and reducing 

atmosphere. Decrease in CO oxidation beyond 1173 K was attributed to 

the calcination temperature in the region of 1273 K, which could be 

detrimental to the catalyst. Kapteijn et al"' were successful in finding out 

alternative to noble metal catalyst for purification of auto-exhaust, 

supported Cu/Cr oxide catalyst were found to be most active for CO 

oxidation and NO reduction by CO, further the order of catalytic activity 

for CO oxidation on carbon supported catalysts was observed in the temp 

range of 450 - 600 K as Co, Cu, Ni, Mn, Fe, Cr. 

Hertz et al l " in their study of CO oxidation at lower temp over 

composite noble metal/reducible oxide catalyst summarized that high 

activity for CO oxidation can be obtained over a composite material of 

highly interspersed mixture of one type of site, a, that adsorbs CO and 02 

and another type of site, 13, that adsorb oxygen without significant CO 

inhibition. Szanyi and Goodman" °  summarizes that the presence of certain 

level of surface oxygen is advantageous during CO oxidation on a Cu 

(100) catalyst, however, under stoichiometric conditions an oxide layer 

formed significantly reduces the catalytic activity compared to metallic 

copper. 



Jernigan and Somorjai 121  concluded that mechanism for CO 

oxidation over the three copper catalysts (copper-0, copper-I oxide, and 

copper-II oxide) was affected by sub-surface oxygen and oxide formation. 

The stability of a given oxidation state of copper under reaction 

conditions was found to be a function of oxidizing power of the C0/02 

partial pressure ratio. The rate of reaction at 573 K decreased with 

increasing copper oxidation state (Cu > Cu2O > CuO) and the activation 

energy increased with increasing copper oxidation state (Cu - 9 < Cu2O - 

14 < CuO - 17 Kcal/mol). According to Boccuzi et al 122 , Au/ZnO catalyst 

prepared by Co-precipitation method, expose gold sites, which are able to 

absorb both oxygen atom and CO at the same time and thus easily 

oxidizing CO to CO2. 

Mergler m  was successful in synthesizing a catalyst Pt/Co0 x/Si02 

that could bring about CO conversion at room temperature. In his opinion 

during CO oxidation by oxygen, 0- vacancies on the Co0,, play an 

important role as dissociation centers for oxygen. According to the 

mechanism proposed by Hoflund 124  for low temp CO oxidation on Pt/SnO x 

 surface during reaction, CO adsorbs on the Pt and associates with a 

neighboring hydroxyl group (on a Pt or Sn atom) and a neighboring 0- ion 

on Sn to form a surface carbonate, further CO also can adsorb on a Pt by 

neighboring OH -  and form a formate species. Gurav and Salker 125-126 

 studied CO oxidation on different Spinel systems and proposed that the 
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CO oxidation by 02 reaction proceeds by Langmuir-Hinshelwood 

mechanism. 

Metal oxides catalyze the oxidation of propylene with oxygen giving 

rise either to partial (selective) or total oxidation (carbon dioxide) 

products. As the adsorption of at least one of the reactants is a primary 

step of the catalytic process, it is likely that for a given reactant mixture, 

the preferred direction of the oxidation reaction on one oxide catalyst, 

i.e. its selectivity, may be closely related to the nature of interaction of 

the reactants with the oxide surface. Then, one might expect that the 

oxides, which catalyze total oxidation, and oxides selective to partial 

oxidation might exhibit important. differences in their adsorptive 

properties for the same reactant mixture. A large number of authors 127-136 

 reported partial catalytic oxidation of propylene on various metals like Sn, 

Mo, Bi, Sb in different compositions and their oxides, transition metals 

and their oxides to obtain selectively important organic compounds like 

acrolein, methacrolein, acrylic acid, acetone and various other 

oxygenated, epoxy or peroxo organic compounds. In general the 

,participation of the lattice oxide ions in the oxidation is quite prominent 

on every catalyst. Trifiro and Pasquon 137 classified oxidation catalysts in 

two categories: (a) catalysts that do not possess a metal-oxygen bond 

having a double bond character. These were found to yield mainly CO2 and 

(b) catalysts having a metal-oxygen bond with double bond character. 

Some of these, such as bismuth molybdate exhibit a high selectivity to 
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acrolein from propene oxidation. The oxidizing power of (a) and (b) is 

associated with the ability to adsorb oxygen in an activated form and with 

the metal-oxygen bond, respectively. Kubokawa and Ono"' concluded that 

the differences in behavior of oxide catalysts for complete or selective 

oxidation are attributed to differences in the oxygen species responsible 

for the process (adsorbed oxygen for total oxidation and lattice oxygen 

for selective oxidation) rather than to differences in the adsorbed state of 

propene. Similarly, Klissurski 139  found that weakly bound and highly 

reactive oxygen in the surface layer of the catalyst leads mainly to total 

oxidation, while surface oxygen with a lower reactivity fayors partial 

oxidation. However, Corberan and Tejuca l " indicated that the selectivity 

in an oxidation reaction depends also on the activation of the molecule to 

be oxidized. In the same line of reasoning, Haber"' pointed out the 

importance of both oxygen and hydrocarbon in the oxidation. When the 

oxygen is activated, electrophilic species such as 0 .  or 02 are formed. 

These show high activity and are main oxidizing species in total oxidation 

via peroxy and epoxy complexes. However, when the hydrocarbon is 

activated a different reaction path, leading to partial oxidation, is 

followed. In the later process the metallic cations of the catalyst act as 

oxidizing agents yielding electrophilic hydrocarbon species. The 

nucleophilic lattice oxygen ions are then inserted into the activated 

hydrocarbon molecule by nucleophilic addition to yield an oxygenated 

product, which desorbs and leaves an oxygen vacancy at the surface of the 



catalyst. This vacancy must be filled ultimately with oxygen from the gas 

phase. 

2.4.4 Molecular orbital approach for carbonyl formation: 

In simple or mixed transition metal oxides, the nature of 

CO-catalyst bond is considered to be essentially important in 

understanding the metal carbonyl formation in the mechanistic studies of 

CO oxidation. 

Studies have shown that CO molecule is bonded in carbonyl either 

linearly with one transition metal atom or forming a bridge between two, 

or less frequently between three metal atoms as shown by the following 

scheme. 

O 	 0 	 0 
III 	 1 	I 	 1 
C 	 C 	 C 

/ \ 	 / 1 \ 
M 	 M M 	 M M M 

Blyholder 142  demonstrated that the frequency based criterion is 

incapable of furnishing a sound basis for calling the structure either linear 

or bridge. He gave a qualitative description of the chemical bonding in the 

adsorbed CO from the stand point of the theory of molecular orbitals. His 

calculations together with later findings of the other author 143  explain 

some particular' features of the IR spectra of adsorbed CO. The 

diagrammatic representation of molecular orbital of CO and of the 



adsorptive complex of CO with a transition metal is being reproduced' . 44  in 

the fig. 2.3 along with the scheme of the overlapping molecular orbitals. 

When the CO molecule forms a complex with a metallic ion, the 

antibonding 5a orbital produced by the 2p z  orbitals of carbon overlaps 

with the unoccupied d z 2  orbital of metal, thus producing a donor-acceptor 

bond between CO and metal and giving rise to a 5E +  orbital. The back 

donation of the electron from the occupied d- orbital of the metal (d y ,,dxz) 

to the unoccupied 2it orbital of CO produces a dative bond. 

In this scheme of molecular orbitals, the formation of donor 

acceptor bond 1‘44—C results in an increase in the frequency of the CO 

vibration forming a strong bond with the surface. On the other hand, the 

creation of the dative bond M-- ► C lowers the frequency of CO-vibration 

and forms a weak bond with the surface. Thus according to Little 145 the of 

electron density to the 2it antibonding orbitals weakens the C—O bond 

CO molecule decreasing its stretching frequency from 2143 cm"' in free 

CO molecule to 2100-2000 cm"' for neutral unsubstituted linearly bonded 

one. The decrease in bond order and bond strength of CO also results in 

the decreased stretching frequency of CO molecule, which is in the range 

of 1750 - 1850 cm"' for doubly co-ordinated CO molecules. 

The strength of the donor acceptor bonding M—CO in the first 

transition series increases steadily from Ca to Ni and decreases with 

copper. The strength of back donation bond increases from Ca to Ti, 

further goes down to Ni, and up a little with Cu. The low frequency bands 

42 



3 IT' 
/ 	. 

4 S  
27T 	

_____ i_ ri ,  6 r \ VIT 
v 	 S. ,• 

/ 	% 	 3d 	, i 	 •I /1 	
• / 

. 	 \ 

i.- - 
_.; 2 

	

_ ‘ 	P 	
'. 31.- 	2 Tr 0/  \ 56— 

`4%  5 v•  _ ---% 
I rr  Pr 

,  

	

------- ‘.‘c.)  " 0"-   /1./  ' 	2S 
3 E . 	3C 

\ •‘. 3C  G.-' 

I 6-  

C 	C O 

  

 

M - CO CO 

Fig.2.3 (a) Molecular orbital of carbon monoxide (b) Molecular 
orbital of carbonyl complex (c) Scheme of overlapping of 
molecular orbital of carbonyl complex 

(a) (b) 

2 p 

5G—  

2  Es'  
I S (*** 	20— 	 IS 	 I Z 	 I 

43 



may be explained by multi site adsorption of CO. Numerous experiments 

with the adsorption of CO on the transition metal oxides 146 " 149 confirm in 

general the scheme discussed above. A kinetic study by Kobayashi 

et al l  "of CO oxidation to CO2 over a partially reduced ZnO showed that 

there are two reaction paths (I and II). For Path-I, the proposed model is 

the surface reaction of gaseous CO with 0", followed by rapid adsorption 

of CO2 formed. Path-II, is controlled by both the surface reaction of 

gaseous CO with neutral atomic oxygen species and the desorption of CO2 

formed which is summarized as follows: 

Path-I 
fast 

CO + 0 - (ads) 	CO2 (ads) 4-  e ) 	CO 2  (g) 	e 

Path-II 
slow 

CO + O(ads) 	 CO2 (ads) 	 CO2 (g)• 

2.4.5 Mechanism of the oxidation of carbon monoxide: The ease of 

oxidation of CO by different type of materials like noble metal, oxides etc 

lead to an extensive study of the mechanism of CO oxidation. The rate of 

reaction has been observed to vary with catalyst material, temperature, 

partial pressure of the reactants etc., the reaction has been found to be 

suprafacial on noble metals and some oxides, whereas on some other 

oxides, it was observed to be intrafacial. 
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Intrafacial process: Roginskii" ° , one of the earlier worker to study CO 

oxidation proposed a mechanism in which he suggested the oxide catalyst 

•as providing oxygen for the reaction followed by a subsequent 

regeneration of the surface using gas phase oxygen. Around the same 

period, Garner"' from experimental thermo chemical data suggested the 

formation of surface carbonate ions through the lattice oxygen 

participation. He observed that there was little oxygen adsorption on a 

bare Mn2 0 3  or Mn2 0 3 - Cr 2 0 3  surface, but was considerable (half of the 

adsorbed CO) on a CO preadsorbed surface. Further it was noticed that, 

the heat of adsorption of CO 2  on Mn2 0 3  is almost equal to the heat of 

decomposition of a manganese carbonate and this suggests that the 

common adsorbed species must be a carbonate ion. The process was 

outlined as follows: 

m2+ 02- m2+ 	 m2 + co 3 2-  m2 + 	m 2 + co 3 2-  m2 + 

 

C o 1/2 02 
--* 	 --* 

0 	M2+ 	2e" 	0 2 " 

 

o -  m2 + 

 

m2+ 	02- 

CO interacts with the surface oxide ions forming a carbonate and an 

anion vacancy, which is subsequently filled up by the gas phase oxygen. 

This explains the increased adsorption of oxygen on a CO pre-adsorbed 

surface. Simple experimental evidence was given by the x-ray diffraction 

analysis of CuO on alumina catalysts. Pierron et al l " noticed reduced 
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Cu 2 O and Cu phases when catalyst was activated with CO and hence 

suggested an alternate redox process on the CuO above 433 K. 

Conclusive evidence of carbonate formation has been provided by 

winter 153  from the isotopic exchange studies using "0 on Cu2O and V 2 05. 

He observed that both CO and CO2 readily exchange oxygen with the 

whole of the out-gassed oxide surface. Hirota et al 154  found that the 

concentration of "0 in CO2 depends on the amount of "0 on the V 2 0 5 

 surface in the temp region 620 - 685 K, from these considerations, the 

mechanism of CO oxidation with lattice oxygen participation was given by 

Hughes and Hill' 55  as follows: 

= 0 	CO  	( M = 0 ) CO 

( M = 0) CO 

 

M : + C O 2  

 

M 
	

1 /2 02 	 M = 

From energy considerations, this type of reaction will necessarily be 

a high temp process (573 - 873). Marshneva et al' 56  studied the CO 

oxidation on V205 in temperature region of 573 - 773 K and pressure 

range of 1 - 400 torr. He observed that the lattice oxygen participation 

gains importance above 723 K, so that above 863 K the reaction proceeds 

through only lattice oxygen participation. Below 723 K the reaction 

between the adsorbed species gains importance thus gradually reducing 
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the lattice oxygen participation. Similar observations have been made for 

TiO2 and NiO catalysts also. 

Suprafacial process: The intrafacial process expects the oxidation to be a 

high temp process, but the reaction - has been observed even at low temp 

(253 K) as on hopcalite catalyst containing a mixture of oxides of Mn and 

Cu. This prompted Stone"' to suggest that a mechanism other than the 

surface carbonate species must be involved. The lattice oxygen 

participation is not an essential requirement is further proved"' by the 

negative 18 0 isotopic exchange studies on NiO. 

The CO2 adsorption takes place only on an oxygen-preadsorbed 

.surface and the amount of adsorption was largest for a mixture of 

02: 2CO2. Stone and his coworkers"' measured the heat of adsorption of 

CO, 02 and CO2 on the bare as well as on preadsorbed surfaces of Cu2O, 

NiO and CoO. They observed that the heat of adsorption of CO and 02 on 

the oxygen and the CO preadsorbed surfaces respectively matches well 

with that of a theoretical surface CO 3  complex species. Further, 

computations from the heat measurements data by different methods 

resulted in almost similar heat of formation of surface CO3 complex, from 

gaseous CO and oxygen. 

CO (g ) 
	

02 (g)  	CO3 (ads) 

4:1 



Unlike the CO adsorption the surface shows saturation after CO2 

adsorption and so it can be inferred that CO interacts with the surface 

adsorbed oxygen to form CO 3  complex as shown below 

	

0 0 0 	CO3 	0 	CO3 0 0 
CO 	 1/2 02 
	-+ 	 -+ 

	

M M 	 M M M 	 M M M 

Comprehensive study of Cu20 were undertaken by Garner et al 158.159  

the observations led to the conclusion that a CO 3  complex has been 

forming at the oxygenated surface according to this scheme 

O 	0 	0 	0 	co 	0 	CO 3 	 0 

Similar observations were also made on Nickel" °  and cobalt oxide' 61 . The 

IR- spectra of the adsorbed CO on Ni carried out by Blyholder 162  provided 

confirmatory evidence for the complex formation. 

2.4.6 Formation of Carbon dioxide: 

Heat measurements by Rudham and Stone"' on the incremental CO 

adsorption on CoO revealed finally the formation of CO 2  from CO 3  
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•complex. On admission of CO on oxygen pre-adsorbed CoO, the heat of 

adsorption showed a gradual fall initially without any CO2 formation. 

After the introduction of few more pulses, the heat of adsorption dropped 

by 20 Kcal/mole with a concomitant formation of CO2, whose 

concentration, was greater than that of added CO, this indicates the 

interaction of admitted CO with the CO3 complex. 

This shows that on admission, CO first gets adsorbed CO (ads), which 

then at small concentration reacts with the adsorbed oxygen to form CO 3 

 complex, while on further addition reacts with the adsorbed complex to 

yield CO2. Overall process thus can be written as: 

(a) 02 	 = 	2 0 (ads) 	 + 55 Kcal 

(b) CO ( g ) 	 = 	CO (ads) 	 + 20 Kcal 

(C) CO (ads) + 20 (ads) 	= 	CO3 ( a d s ) 	 + 40 Kcal 

(d) CO (ads) + CO3 (ads) = 	2CO2 ( g) 	 + 19 Kcal 

This mechanism was justified by the similarity between the fall of 

heat of adsorption of CO (20 Kcal/mole) and the difference in the heat of 

adsorption (21 Kcal/mole) when reaction (d) takes over from (c). This 

kind of reaction between the adsorbed species commonly referred to as 

Langmuir-Hinshelwood mechanism has been observed on CoO and Cu2O. 

An alternative Eley - Rideal mechanism also seems to be possible. 

The heat of formation of the CO3 complex from the gaseous oxygen and 
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adsorbed CO is larger (131 Kcal/mole respectively). This necessitates the 

reaction (d) to be an endothermic on Ni0 unlike the exothermic one on 

Cu 2 0 and Co0 and hence less favorable. So the observed small activity 

was presumed to be due to the reaction between the CO 3  complex and 

gaseous CO. Mechanism of CO oxidation on copper chromite has been 

studied by Hertal and Ferrauto 163  and identified two distinct sites. A 

carbonyl has been found to be active at temp in the vicinity of 333 - 353 

K, while a less active carbonate species react with 02 to produce CO 2  at 

approximately 453 - 473 K. However according to Morgan and Ferrauto' 64 

 active site concentration is determined from the actual catalytic reaction 

allowing one to differentiate active site from the adsorption sites. 

2.5 Perovskites in oxidation reactions: 

Libby"' and Pedersen and Libby 166 were the first investigators to 

suggest the potential application of perovskites as oxidation catalysts. In 

the research work that ensued, the_ . particular behavior of these materials 

was explained in terms of the relative ease with which oxygen species can 

be released from the catalyst surface. The oxidation of light paraffins such 

as methane6 '' 168 , propane 169-171 , propene .108•172 and n-butane' 68  has been 

frequently taken as a test reaction for perovskite oxides. 
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2.5.1 Carbon monoxide oxidation on perovskites: 

The oxidation of carbon monoxide over perovskite-type oxides has 

been widely studied. Voorhoeve et al l " brought forward new ideas in 

explaining the role of defect chemistry of perovskites such as cobaltites, 

manganites, chromites and ruthenates. They suggested that two different 

oxidation processes should be distinguished (a) the catalyst participates in 

the reaction as a reagent, being partially consumed and regenerated in a 

continuous cycle, and (b) the catalyst provides the atomic orbitals of the 

proper symmetry and the energy to . activate the reactant molecules. These 

two alternatives were termed as intrafacial and suprafacial catalysis 

respectively. The oxidation of CO in the middle temperature range 

(373-673 K) has been suggested s  as a suprafacial catalytic process where 

as it is expected to observe important effects of the ferroelectric and 

magnetic order of surface spins and of semi-conductivity on the catalytic 

reaction. LnMO 3  perovskites in which the lanthanide (Ln) ions are 

essentially inactive in catalysis and the active transition-metal (M) ions 

are placed at relatively large distances from each other are excellent 

catalytic models for study of the interaction of CO and 02 on single 

surface sites. It must be stressed, however, that idealized correlations 

between catalytic activity that is confined to the surface, and a single 

collective parameter (conductivity, ferromagnetism etc.) should not be 

taken as conclusive. 
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Parravano 174  first reported oxidation of CO on Strontium 

substituted rnanganites, However the work with these catalysts really took 

off after Meadowcraft m  reported that La0.8Sr0.2Co03 could match Pt as 

oxygen electrode. This prompted Libby"' to try these oxides as potential 

auto-exhaust catalysts. Since then elaborate tests were carried out by 

Voorhoeve and others 176  with transition metal oxides on automobile 

emission. 

A recent article by Tascon et a1 8  summarizes the CO oxidation on 

LaMO3 surface. Rao and Chakrabarty m  studied the CO oxidation on 

La1..M.Co03 catalysts and showed that the catalytic activity increases 

with oxygen deficiency in cobaltites. Vishwanathan and George"' 

reported the catalytic oxidation on LnCoO 3  and the activity has been 

correlated with the magnetic moment and the oxygen non-stoichiometry. 

Gallagher et al 179  reported the high activity of copper substituted 

lanthanum manganites and strong SO2 poisoning for CO oxidation. Om 

Parkash et al l " have investigated on LnCoO 3  surface and related the 

activity of the catalysts to the spin and valance bond of cobalt. 

Gunasekaran et al l " investigated on several cuprates and nickelates and 

reported that the oxidation takes place through the interaction between 

the adsorbed species. CO oxidation over cobaltites of Lanthanides were 

carried out by Chakrabarty and Rao' ' 2  to study the effect of A-site 

substitution in Nd1.,,Ba„Co03 and LnCoO3 (Ln = La, Sm, Nd, Dy) they 

observed that compound with cubic structure show maximum activity 
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which decreases with distortion from cubic structure. Salker et al' 83 

 studied the kinetics of redox reactions between NO and CO over LaMnO3 

 and LaCoO3  catalysts. They were of the opinion that the rate-controlling 

step in the catalytic reduction of NO by CO is presumably the active site 

reduction process. Chan et al l " studied the influence of either A and 

B- site substitution in mixed oxides on the catalytic oxidation of CO. 

From the different systems that were investigated, cobaltites were found 

to be more active than the manganates. They concluded that partial 

substitution of lanthanum manganates or cobaltates with strontium or 

copper leads to an increased activity for CO oxidation, which was 

attributed to an increase in oxygen mobility within the lattice of 

perovskite, this explains the lattice oxygen participation in the reaction 

even under stoichiometric conditions. Jaenicke et al l " examined the 

catalytic activity for CO oxidation over LaMnO 3  and Lao 5 Sr o 5 Mn0 3 

 catalysts. They confirmed the ability of the catalysts to provide lattice 

oxygen and to sustain the oxidation reaction, even in the absence of 

molecular oxygen. 

2.5.2 C3H6 oxidation on perovskites: 

Perovskite oxides LnB0 3  are promising catalysts for the 

hydrocarbon oxidation, was first reported by Voorhoeve 106  as early as in 

1977. Jhaveri et al l " studied the oxidation of propylene on several 

cobaltites between 250 and 500° C. Effectiveness factor calculations 
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indicate that pore diffusion effects were substantial and fitted the kinetic 

data to the empirical rate equation r = P n HC A recent article by Fierro 172 

 summarizes the propylene oxidation on a series of LaBO3  (B = Cr, Mn, Fe, 

Co, Ni) perovskite type oxides. Kremenic et al 1°8  investigated the 

combustion of propylene and isobutene, and observed remarkable 

differences among above LaBO3 compounds. For both the above reactions, 

two pronounced maxima for LaMnO3 and LaCoO3 were observed and 

reported that observations are coinciding with the maximas reported by 

Iwamoto et al l34  for the respective simple 3d- transition metal oxides and 

also for the catalytic activity of these perovskites for combustion of 

hydrocarbons. A similar pattern was found by Seiyama et al 168  for the 

propylene oxidation on LaMO3 oxides. Petrovic et al"' reported the total 

oxidation of CO and propylene over Ru perovskite catalyst and related the 

reaction rates to samples prepared by different techniques. Seok et al l " 

reported the preparation of perovskite catalyst at different calcinations 

temperatures and observed that the lower calcinations temperature gave 

the higher activity and surface area. In the case of LaCoO3 and LaMn0 3 , 

substitution of proper amount of Sr into A- site enhanced the activity and 

Co showed higher activity than Mn for B- site. 

Conner et al l " studied several ABO 3  perovskites having both 

bismuth atoms and cation vacancies in the A- position have been shown to 

be catalysts for the partial oxidation of hydrocarbons. Partially substituted 



LaMn03 based catalysts 8 ' 45 ' 141  have been widely used for the total 

oxidation of C3 and C4 hydrocarbons. 

Seiyama et al 19°  compared the activities of several LaB0 3  perovskite 

oxides for catalytic oxidation of propylene with that of component 

B- oxides (BOn), where in the activity of unsubstituted perovskite oxides 

is determined mainly by component B- oxides and that the most active 

catalysts are those which contains Co and Mn. Corberan et al l " studied 

02 adsorption and total oxidation of propylene on LnCo0 3  and arrived at 

a conclusion that the activation and the bond strength of propylene with 

the adsorbent surface greatly influence the catalytic action for oxidation 

of these oxide materials. Their results showed that the adsorption 

properties and the catalytic performance of the oxidation catalysts are 

closely related. Further they reported that perovskite compounds are total 

oxidation catalyst, which gives rise to stronger interaction with the 

propylene resulting in the total oxidation. 

2.5.3 Mechanism of C3H6 total oxidation: 

Various schemes of propylene oxidation over catalytic oxide systems 

have been reported' 31 • 191 . According to modern ideas based on kinetic, 

isotopic and spectroscopy results, propylene oxidation on the catalyst 

surface can yield 7C- and 8- allyl complexes that convert to acrolein and 

total oxidation products by interaction with oxygen. It has been suggested 

often that at first hydrogen detaches from an olefin molecule to form an 
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allyl complex. It was verified that propylene converts to an allyl radical 

and this is the primary step of oxidation and finally total oxidation. 

Margolis and Garibyan' 92  proposed a mechanism for the total 

oxidation of propylene. They observed that total oxidation occurs by a 

heteiogenous-homogenous route involving radicals. The first of hydrogen 

abstraction from a propene molecule occurs on a surface of oxide catalysts 

to form allyl peroxy radicals. Over systems that are active in total 

oxidation, these radicals desorb to the gas phase. The ratio of radical 

concentration on the catalyst surface to that in the gas phase depends on 

the reactivities of the oxidized molecule and the catalyst surface oxygen. 

The radicals in the gas phase over the catalyst contribute to the 

homogenous reaction route. 

Based on the above results, the reaction scheme given by them is 

reproduced here below. 

+cat 

1. C3H6 	(C3H6) 	C3H5* + (OH) 

2. ( C3H5*) 	C3H 5 * 

5. C3H5* + 02 # C3HSO2 ----4 ( C 3 H S O 2  ) 	CO 2  + H 2 O 

Where ( ) = adsorbed form. 
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EXPERIMENTAL 

Perovskite type oxides have been reported to possess interesting 

structural, solid-state and catalytic properties. Practically all the standard 

methods known for the synthesis of solid materials can be applied to the 

preparation of perovskite type of oxides. The classical route is the 

reaction between intimate mixtures of the constituent binary oxides or 

their precursors (nitrates, carbonates etc.) in the solid state at high 

temperature preparations. 

Other useful method is the .well-known "precursor technique" in 

which usually the carbonates" or nitrates .of the metal are co-precipitated 

in appropriate proportion and subsequently decomposed and heated to 

form the compounds. Similar procedures involve the co-precipitation of 

oxalates or citrates of similar materials" ." 1.77  a technique that recently 

has been often used for the synthesis of new high Tc-superconducting 

materials. 

The oxides obtained by thermal •decomposition of co-precipitated 

derived precursor are normally stable in air and ensure better 

homogeneity. Crystallites disintegrate with the loss of gaseous species to 

yield fine and very reactive particles 193 . Though it is old non-conventional 

powder preparation technique is 'still extensively used as a powerful 
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method. Bell et al 25  has reported samples produced by this method and 

found to be as most efficient, facilitating oxidation type of reactions. The 

technique of co-precipitation has been fully exploited in the present 

context, for the preparation of series of perovskites, for their solid-state 

and catalytic studies. 

3.1 Perovskites preparation: 

The perovskites of the compositions (a) La 1 .xNdxNiO3, 

(b) La i _xNdxCo03, (c) LaMn1.xCox03 and (d) LaNii.xCo x O3, 

(Where X = 0.0, 0.3, 0.5, 0.7, and 1.0) were prepared by co-precipitation 

precursor technique 42,183,194,195
, a stepwise process is shown in the flow 

diagram fig. 3.1. Stoichiometric quantities of respective rare earth oxides 

and transition metal nitrates of A.R. grade quality are weighed by 

calculating the final composition desired and dissolved in minimum 

quantity of 1:1 nitric acid and distill water respectively. The volume is 

made around 200m1. The solution was heated at 333 — 353 K, with stirring 

in order to obtain a clear homogenous solution. 5% sodium hydroxide 

solution was prepared by dissolving NaOH (A.R. grade) in distilled water 

to obtain an approximately equi-molar concentration solution and is taken 

'in a burette. This was slowly added to the metal solution with constant 

stirring on a magnetic stirrer, till the precipitation is complete. The pH of 

the solution was maintained between 9-10. The resultant precipitate is 

digested for 2 hours on a water bath, cooled and then oxidized by 

se 
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Fig. 3.1 Flow diagram of preparative method. 
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drop-wise addition of 30% hydrogen peroxide from the burette with 

continuously stirring the precipitated mixture on a magnetic stirrer. The 

precipitate was then washed and filtered using warm distill water, till it is 

free from nitrates and sodium ions then it is dried in an oven at 353 K for 

3 - 5 h. The dried precipitate was grounded well in a mortar and then 

heated in a muffle furnace at 973 - 1073 K for 10-15 h. If the X - ray 

diffraction showed the presence of biphasic sample, then further heating 

of the sample was done for few more hours to obtain a mono-phasic 

compound. The compositions after characterization were finally 

designated as perovskite catalysts. 

3.2 Characterization: 

The perovskites prepared by o-precipitation precursor method were 

characterized by X- ray powder diffraction technique, Vibrational 

spectroscopy, Atomic absorption spectroscopy and B.E.T. liquid nitrogen 

adsorption method. 

3.2.1 The X -ray powder diffraction technique: The prepared perovskite 

samples were characterized by examining X- ray powder diffractograms. 

The diffraction patterns were recorded on a Philips X-ray diffractometer 

(PW 1820) and Rigaku Miniflex, using Cu Ka radiation, filtered through 

Ni absorber, at a scanning rate of 2 / min. The compounds were identified 

by comparing the observed inter planar d - spacings and relative peak 
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intensities, with those reported in the JCPDS data files. The intermediate 

compositions, which are not reported, were confirmed by comparing with 

the end compositions. 

3.2.2 Vibrational spectroscopy: The Infrared absorption spectra were 

recorded for all compositions in the range 1500-400 cm'', on a Shimadzu 

FTIR instrument, model 8101A, using KBr as a carrier. The mixture of 

perovskite powder and KBr was then pressed in to a slice with thickness 

of about lmm. The spectra were compared with the literature and 

interpreted. 

3.2.3 Atomic absorption spectroscopy: The sodium contamination in the 

perovskites prepared by co-precipitation precursor technique using NaOH, 

was found out using an Atomic absorption spectrometer. Approximately 

250 mg of powdered sample was dissolved using 25m1 of pure HC1 it was 

then further diluted to the required concentration. The total amount of 

sodium was determined by comparing with the standard. 

3.2.4 B. E. T method (Surface area measurement): Surface areas of the 

prepared perovskite samples under study were measured using BET 

nitrogen adsorption method, on High Speed Gas Sorption Analyzer version 

3.70 using QUANTACHROME NOVA 1200. Specific surface areas of the 
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catalyst are calculated with the help of well known Brunauer, Emmet and 

Teller (B E T) expression. 

P 	 1 	(C-1) 
....( 1 ) 

V(Po-P) 	VmC 	VmC 	Po 

Here 'P' is the equilibrium pressure, 'Po' the saturated vapor 

pressure of the gas at the temperature of the adsorption. 'V' is the volume 

of the adsorbed gas at S.T.P., 'C' ,  is the constant related to the heat of 

adsorption and 'Vm' is the volume of the gas at S.T.P. required to form a 

monolayer. Various quantities from the above equation like P, Po, and V 

could be determined experimentally. Vm and C can be obtained by plotting 

P/V (Po - P) versus P/Po. Plot should give a straight line with slope 

(S) = C - 1/VmC, and intercept (I) = 1/VmC, which proves the validity of 

equation (1). 

It can be shown from equation (1) that Vm = 1/S+I and C = S/I+1. 

Since Vm is the volume of the gas at 0°C and 1 atmospheric pressure 

necessary to cover the surface with one layer of the gas, it is easy to 

convert it to the number of molecules involved. Assuming 16.2 °A as the 

value of the cross sectional area -of single nitrogen molecule at liquid 

nitrogen temperature Brunauer, Emmet and Teller have shown that, 

Surface area = 4.38 Vm ( C.C., S.T.P.) m 2 /g 	( 2 ). 

Surface areas for various perovskite samples were observed in the 

range of 3.9 - 20.4 m 2 /g. 
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3.3 	Electrical resistivity measurements: 

The electrical resistivity measurements were carried out to study the 

conductivity behaviour of samples and possible relationship with catalysis. 

3.3.1 At low temperatures: 

Electrical resistivity measurements were performed using well-known 

four-probe technique for selected samples of La i .xNdxNi01 system from 

77 to 300 K. Four silver electrical leads were soldered to silver film 

contact pads with Ag epoxy on parallelepiped—shaped samples cut out 

from sintered pellets. Electrical resistance as a function of temperature 

was measured in a cryostat with two current sources. The procedure 

during measurements was always to cool the sample down to 77 K, apply 

the excitation current, warm the sample above room temperature, and then 

cool the sample to 77 K. 

3.3.2 At higher temperatures: Electrical conductivity measurements were 

carried out using a two-probe conductivity cell in the temperature range 

from room temperature to 823 , K as shown in fig. 3.2. For the 

measurement of electrical conductivity, sample was palletized using 

approximately 1-2 g, under a pressure of 6,000 Kg/cm'. Prepared pellets 

were subjected to the heat treatment at 1073 K for 18 - 20 h. The pellet 

was tightly held between two polished and cleaned silver electrodes by 

adjustable type assembly and the resistivity measurements were carried out 

from room temperature to 823 K, point-by-point measurement. 
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Fig.3.2 Set up for above room temperature electrical 
conductivity measurements. 1. Pellet, 2. Ag- electrodes, 
3. Mica sheets, 4. Adjustable screw, 5. Rotating shaft, 
6. Heating element, 7. Furnace outline, 8.Ceramic tube, 
9. Assembly holder 



3.4 Magnetic susceptibility measurements: The magnetic susceptibility 

'xg  in air of the perovskites was determined by Gouy's method at room 

temperature. A field of the order of 10 Kilo Gauss was employed. A 

sensitive analytical balance of DONA make was used to measure the 

difference in weights. Mercury tetrathiocyanatocobaltate Hg[Co(SCN) 4 ] 

and Potassium ferricyanide K 3 [Fe(CN) 6 ] were used as the standard 

materials. The sample tube was washed, dried and filled with the standard 

substances up to a certain mark and hanged between the electromagnets of 

the Gouy balance. The weight was recorded before and after applying the 

appropriate field of 10 Kilo Gauss.. The procedure is repeated for the 

sample whose x g  is. to be determined. The magnetic susceptibility of the 

sample was calculated by using the following calculations. 

In the first part, tube constant or 13 - constant is calculated as x g 

 value of the standard substance is known, using the relation, 

- Constant = x g  x W 	(xg = 16.44 X 10 -6  for Hg [Co(SCN) 4 ]). 
AW 

W = (W 3  - W I ) = Wt. of standard substance taken and ,W = AW' ± AW" 

-(+ ve for paramagnetic and - ve for diamagnetic). 

AW' = (W 4  - W3) and AW" = (W I  - W2 ) where 

Wi = weight of empty tube, 

W z  = weight of empty tube with field, 

W3 = weight of the tube with standard substance and 

W4 = weight of the tube and standard substance with field. Hence 

13- constant was calculated. In the second part, to calculate x g  of the 
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perovskite sample, substitute 13- constant value in the above relation, 

gives the magnetic susceptibility. Further this data is utilized to calculate 

unpaired electrons present in the sample as follows. 

Xm = Xg X Molecular weight of the substance. 

Where xm  = Molar susceptibility 

The magnetic , moment 1.1. effective (µ e ff) of the substance was calculated by 

using the equation given below. 

Ileff = 2.84 4x m  x T B.M., where T = absolute temperature and il eff 

 is the magnetic moment. 

3.5 Saturation magnetization study: 

The saturation magnetization is studied with help of hysteresis 

behaviour. These measurements were done on selected magnetic samples, 

using a high field hysteresis loop tracer described by Likhite et al' 96  and 

the three major components are electromagnet, pick-up coil and balancing 

and integrating circuits. 

The loop tracer consists of an electromagnet working at 50 Hz 

mains frequency. The alternating magnetic field of about 3600 Oersted is 

produced in an air gap of about I cm, in the instrument and a special 

'balancing coil is used to measure the saturation magnetization of the 

sample in the air gap. Depending upon the magnetic induction in the 

sample, pick-up coil produces a field proportional to the magnetic 

induction of the sample. A supporting coil produces a signal that is 
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equivalent to the strength of the magnetic field. The signal is displayed as 

a hysteresis loop on the screen of an oscilloscope. A digital AC voltmeter, 

which is connected .to the output, displays the peak or RMS value of the 

signal proportional to the saturation magnetization in millivolts. The 

calibration of the vertical scale corresponding to the magnetization value 

is done using nickel as a standard substance having magnetization of 53.34 

emu/g: The saturation magnetization values, as in emu/g of some selected 

perovskite samples is found out. 

3.6 Thet:mal studies (TGA/DSC): 

The thermal technique of Thermal gravimetric analysis (TGA) / 

Differential scanning calorimetry (DSC) was carried out using NETZSCH-

Geratebau GmbH Thermal Analyzer. TGA was used to study the heat 

effects, associated with the physical and chemical changes of the 

substances in the temperature range of 300 to 1173 K. The thermal effect, 

exothermic or endothermic preceding physical and chemical changes were 

studied by differential method in which the sample temperature is 

continuously compared against the temperature of thermally inert 

reference material. TGA was recorded to study the behaviour of weight 

loss of the precursor sample. The samples, in a powdered form and 

weighing between 14 to 20 mg, were placed in alumina crucible covered 

with lid. Sample was continuously weighed as it is heated at a constant 

•linear rate of 10 K/min. 



3.7 Electron spin resonance (ESR) study: 

Electron spin resonance occur when a spinning electron in an 

externally applied magnetic field absorbs sufficient electromagnetic 

radiation to cause the inversion of spin state of the electron, which is also 

known as electron paramagnetic resonance and as electron magnetic 

resonance. 

ESR study was carried out for the perovskites containing 

paramagnetic species and for the identification of the catalytically active 

species for the reaction at liquid nitrogen temperature. In ESR 

spectroscopy, a magnetic field strength of 3220 gauss (commonly used 

field strength = 3300 gauss) was employed. The energy level difference 

due to electron spin was 6.1x10 -17  ergs (or about 1.5x10 -24  calories) and 

frequency 'y' is 9.2 GC (Giga Cycles or 109 cycles per sec), this frequency 

lies in the microwave region of the electro magnetic radiation spectrum. 

The ESR spectra were taken at the X- band on a Varian E-112 

spectrometer at liquid N2 temperature. The sample was mounted in a 

quartz tube and TCNE was used as a field calibrant taking its g-value as 

2.00277. Spectroscopic splitting factor (g) or gyro magnetic ratio was 

obtained from the following relation, 

= - 	s 

Where 'la' is the magnetic moment, and '0' is the Bohr magneton 

(ergs/gauss), 'g' is the gyro magnetic ratio and 's' is the spin of electron 

. +1/2 or -1/2. 
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3.8 Catalytic Studies: 

Perovskite catalysts were tested for two model oxidation reactions 

such as of CO oxidation and Propylene oxidation , with oxygen using 

AMIL-NUCON series Gas Chromatograph (GC) online for the analysis of 

reactants and products. Experimental set up employing online analysis is 

shown in fig.3.3. Hydrogen was used as a carrier gas, with a constant flow 

rate of 30m1/min. The columns used were molecular sieve 13X for CO 

oxidation and Porapak N for propylene oxidation for the analysis of 

reactants and products. Porapak Q was used as a reference column for 

both the reactions. Injector and detector were operated at a temperature 

of 333 K and oven at 323 K. Constant current flow of 150mA was 

supplied to the thermal conductivity detector (TCD) through out the 

.reaction studies. GC was equipped with eight-port valve to inject the 

gaseous samples for the online analyses. The data was recorded on Omni 

scribe recorder at an appropriate chart speed to obtain qualitative and 

quantitative information of the reaction study. 

CO gas required for the catalytic reaction was prepared in the 

laboratory by drop wise addition of formic acid (AR grade), to the warm 

sulphuric acid in a specially designed glass reactor. Bubbling through 20% 

KOH solution and then molecular sieve purified it, which was finally dried 

over calcium chloride. Prepared CO gas was found to be highly pure as 

6, 



O 

O 
O 
O 
0 
0 
0 

0 

O 
0 
0 

0 

0 

t_ 	
101  

RECORDER 

CO 
or 

C3H6 

ALKALI 

Ca 

2 

Co Cl2 

Mol. Sieve 131  
I G C or  Porapak N 

Fig.3.3 Schematic diagram of the reaction set up. 
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confirmed by GC. Propylene, Oxygen, and Nitrogen gases were used from 

pure commercial cylinders. 

Reaction studies were carried out in a continuous flow fixed bed 

glass reactor, in which approximate 1 g of powdered catalyst was 

supported in between glass wool plugs and glass beads on either sides. 

The catalyst activity was determined using a feed gas composition of 5% 

CO, 5% 02 and 90% N2 for CO oxidation whereas 5% propylene, 10% 02 

and 85% N2 for propylene oxidation. The individual gas flow rates were 

controlled using flow meters and precision needle valves. The CO and 

propylene oxidations were checked at various 'catalyst temperatures, 

point-by-point measurement from room temperature to 723 K. The total 

flow rates used were between 5000 to 8000 ml/hr. By using a three-way 

valve, a provision was made to bypass the reactants straight to the GC, 

without passing through the catalyst bed. The products were injected; at 

regular intervals in the GC and analyzed using molecular sieve 13X and 

porapak N for CO and propylene oxidation respectively. The TCD was 

used for detecting the reactants and products. The kinetic parameters such 

as rate of reaction, activation energy and frequency factor were evaluated 

by carrying out kinetic studies, using a flow reactor. Partial pressure 

studies were carried out over various catalysts by passing variable flow 

rates of oxygen at constant CO flow and propylene flow, for respective 

oxidation and vice-versa. 
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SOLID STATE STUDIES 

The Various solid-state studies such as structural characterization 

(FTIR spectroscopy and. X -ray powder diffraction), thermal analysis, 

electrical resistivity, magnetic susceptibility, saturation magnetization and 

electron spin resonance were carried out. The comparison of different results 

were made and discussed on the basis of experimental data. 

4.1 FTIR Spectroscopy: 

The perovskite structure is characterized by IR spectra 87-93  in the 

region 1000 to 300 cm' I . In the IR spectra of perovskites two absorption 

bands were observed in the 700 to 390 cm -1  region corresponding to the 

stretching vibration of metal-oxygen bond as shown in the fig. 4.1 - 4.4. The 

lower frequency band has been assigned to a deformation mode of B06 

(B = B-site transition metal) octahedra i.e. the B-O-B bond angles of the 

perovskite structure. The frequency of these bands has been related to the 

strength of metal-oxygen covalency 94 . 

In fig. 4.1 for LaMn 1 ..xCox0 3  system, it is observed that, as the 

substitution of Co +3  increases in LaMnO 3 , the strong absorption peak 
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observed at 606 cm -1  gets gradually broadened for composition from 

x = 0.0 to 0.7 and shifts towards lower frequency. In the case of LaCoO3, a 

broad absorption with peaks at 600 and 570cm -1  were observed which is in 

agreement with the literature 93 . The absorption band at 606 cm -1  shifts 

towards lower wave number value as x increases, which is due to increasing 

e g  electron density in the antibonding orbitals, therefore bond order would 

decrease with the increase in the number of e g  electrons. This accounts for the 

observed decrease in the stretching frequency of LaMnO 3 , on substitution 

with Co. 

In fig. 4.2 for LaNi i _x Co x0 3  system, for LaNiO 3  compound, no feature 

characteristic of localized vibration modes are observed, which is typical of 

the LaNiO 3 95 .  A strong absorption peak is observed at 593 cm - ' and at 

420 cm"' for x = 0.3, further for x = 0.5 and x = 0.7, sharpening of peak is 

seen and for LaCoO 3  a broad absorption band with peaks at 600 cm"' and 

570 cm"' were observed. Ganguly et.a1 95  reported that the vibrational mode 

disappear for the compounds having very low resistivity as in the case of 

LaNiO3. The disappearance of mode can be qualitatively attributed to the 

force constant, which seems to be dominated by the ionic component of the 

bonding and is insensitive to changes in the electron transfer or covalent 

mixing. 

In fig. 4.3 for Lai_xNd NiO3 system, with the substitution of Nd +3  ion 

in the lattice of LaNiO3 at x = 0.3, a broad absorption is observed at 420 cm* 
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At x = 0.5 the band broadening is seen and for NdNiO 3  a broad shouldered 

band with peaks at 553 cm* 495 cm* 471 cm"' and . 420 cm"' are observed. 

In this series, the Ni06- octahedra remains practically undistorted among La +3 

 and Nd+3  at A— site but with the substitution of Nd +3  ions in the lattice of 

LaNiO3, the Ni06- octahedra gets tilted on account of the atomic size 

difference. This tilting angle of the Ni06- octahedra in LaNiO 3  is 9.0 whereas 

for NdNiO 3 , it is 14.7 degree". This makes the unit cell of NdNiO 3  to be 

smaller and slightly more distorted. Thus the magnitude of distortion is 

related to the relative distances of d' N ,:o  and d R _ o  (R = La or Nd) 75 . This may 

be the probable reason for the observed vibration mode for spectra c, d and e. 

In fig. 4.4 for Lai_xNdxCo03 system, the vibration modes pattern 

changes slightly in the series with the substitution of Nd +3  ions in LaCoO 3 

 lattice. The broad shouldered absorption band with peaks at 600 cm"' and 

570 cm"' gradually becomes sharp absorption at 571 cm"' and no peak is 

observed at 600 cm* Secondly, the lower frequency band observed a 

420 cm"' for LaCoO3, increase with increasing x value and is observed at 

471 cm" for NdCoO3. The probable explanation is that, as the La +3  are 

substituted by Nd +3  ions, the relative distance of dc o m and d R . 0  (R = La or 

Nd) changes. This change is attributed to the deformation of C006 — 

 octahedra, taking place with the substitution of comparatively smaller size 

Nd +3 ions in place of La +3 . Thus the relative distance of Co-0 and La-0/Nd-0 

changes, hence the absorption frequency of vibration modes decreases. 
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Fig. 4.1 FTIR spectra of LaMn1_xCox03 series (a) LaMnO 3 , 
(b) LaMn0.3Co0. 7 03  and (c) LaCo0 3 . 
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1000 	800 	600 400 cm-1  

Fig. 4.2 FTIR spectra of LaNi1_xCox0 3  series (a) LaNiO 3 , 
(b) LaNi07C00.303, (c) LaNi 0.5 Co 0.5 03 , (d) LaNi0. 3 Co070 3 , 

and (e) LaCo0 3 . 
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Fig. 4.3 FTIR spectra of La l _xNdxNiO3 series (a) LaNiO 3 , 
(b) La 0 . 7Nd0 . 3NiO 3 ,(c) La 0 . 5Nd0 . 5 NiO3, (d) La 0 . 3 Nd0 . 7NiO 3 , 

and (e) NdNiO3, 
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4.2 X-Ray diffraction analysis: 

The formations of monophasic perovskites were checked by recording 

the x-ray powder diffractogrammes of all the samples such as Lai_xNdxNiO3, 

Lai.xNdxCo03 LaMni.xCox03 and LaNii_xCox03 = 0, 0.3, 0.5, 0.7 and 

1.0). The d spacing and intensities corresponding to 20 obtained from the 

diffractogrammes were compared with the values reported in the literature 

(JCPDS data file) and found to be monophasic. Since the d spacing of the 

intermediate compositions is not recorded in literature, the values were 

compared with the end members namely LaNiO3, NdNiO 3 , LaCoO 3 , NdCoO 3 , 

and LaMnO 3 . Figures 4.5 - 4.8 shows x-ray diffraction patterns of some of the 

representative samples. 

Demazeau et al 43  prepared the RENiO 3  (RE = Rare Earth) compounds 

for the first time. They succeeded in synthesizing the most compounds of 

nickelates, out of which LaNiO3, a rhombohedral structure and NdNiO3, a 

pseudocubic are of interest in our studies. It is known that RENiO3 

perovskites are sensitive to the thermal treatment and partially decompose 43 

 to its corresponding oxides above 1073 K, thus adding an impurity phase in 

the compound. Many authors 47,48,194 have reported the preparation of LaNiO3 

in rhombohedral phase without any peaks of La20 3  or NiO and NdNiO3 

compound in orthorhombic phase by different methods at variable 

temperatures and under different environment. Vassiliou et a1 46  reported the 
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possible preparation of NdNiO3 at low temperature of 923 K in 1 bar oxygen. 

However, our results of X-ray analysis after comparison with the values 

reported in JCPDS data file have indicated that LaNiO3 is rhombohedral and 

NdNiO3 is orthorhombic. 

In the case of LaCoO3 and NdCoO3, several authors 77 ' 180 ' 197  reported 

that these compounds are readily prepared and indexed to be rhombohedral 

and orthorhombic respectively. Baiker et a1 42  and Arakawa et al 197  claim that 

XRD patterns of their LaCoO3 and NdCoO3 samples show sharp, well defined 

perovskite peaks and LaCoO 3  having a rhombohedral structure whereas 

NdCoO 3  is indexed to be cubic. Our XRD patterns also showed LaCoO 3  has 

rhombohedral structure and NdCoO 3  has a cubic structure. 

LaMn0 3 , as many workers 57 ' 61 ' 183  reported show rhombohedral 

structure. Wold et a1 35  reported orthorhombic distortion from cubic symmetry, 

which was largest than any other orthorhombic distorted perovskites. Norby 

4 et a134  reported a rhombohedral phase of LaMn0 3+8 having 

LaMe3 0.72Mn +40.2803.14, which on heating in nitrogen atmosphere changes 

to orthorhombic LaMn +3 0.99Mn +40.0103.00s. The Jahn-Teller distortion of 

Mn06- octahedra lowers the symmetry further to orthorhombic. Samples 

prepared in air are of rhombohedral structure. 

In the case of LaMni_xCox03 series, Jonker 81  reported LaMnO3 as 

rhombohedral perovskite and compositions from x = 0.2 up to x = 0.5 show 

pseudocubic structure and for x > 0.5 rhombohedral structure. El-Fadli et a151 
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Fig. 4.5 	X-ray diffraction pattern of LaMn 0 . 5 Co0.503. 
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Fig. 4.6 	X-ray diffraction pattern of LaNi 0 . 5 Co 0 .503• 
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Fig. 4.7 X-ray diffraction pattern of LaMnO3. 



Fig. 4.8 X-ray diffraction pattern of LaCoO3. 



recently reported LaMn03+6 and LaCoO3 to be rhombohedral. However, for 

0.05 < x < 0.55, the rhombohedral structure of LaMn03+8 immediately 

changes to the orthorhombic and return back to rhombohedral. 

4.3 Thermal analysis: 

Co-precipitated hydroxide precursors before decomposition were 

subjected to thermal studies, to find out the decomposition temperature of 

hydroxides and then initiation of solid-state diffusion reaction. TGA/DSC 

patterns of representative samples are shown in the figures 4.9 - 4.12 

Thermal gravimetric studies show that there are three major steps in the 

decomposition process and the probable reactions are 1. Dehydration, 

2. Decomposition of hydroxides to corresponding oxides and followed by 

3. solid-state diffusion reaction leading to perovskite formation. 

In the fig. 4.9, TGA pattern of LaMn(OH) 6 . xH 2 O precursor 

decomposition show a weight loss between 300 - 573 K, due to the loss of 

moisture and further weight loss between 600 — 700 K due to decomposition 

of hydroxides and after that initiation of a solid-state diffusion up to 1123 K 

leading to perovskite formation. The maximum weight loss of .1 -- 18.26 % 

occurred in the later part of weight loss. 

Fig. 4.10, show a weight loss for LaCo(OH)6 xH20 precursor 

decomposition between 300 - 550 K, due to the loss of moisture and further 

sharp weight loss between 573 — 700 K due to decomposition of hydroxides 



and initiation of a solid-state diffusion and perovskite formation is observed 

between 700.— 1073 K. The maximum weight loss of 8 % occurred in 

between 573 — 673 K. 

In the fig. 4.11, TGA pattern of Lao.5Ndo s i•Ii(011) 6 xH 2 0 precursor 

decomposition, show a weight loss between 300 - 573 K, due to the loss of 

moisture and further weight loss between 600 — 665 K due to decomposition 

of hydroxides and after that initiation of a solid-state diffusion upto 1100 K 

leading to perovskite formation. 

Fig. 4.12, show a linear weight loss for LaNi o 5 Co 0 , 5 (OH) 6  xH 2 O 

precursor decomposition between 300 - 500 K, due to the loss of moisture 

and further sharp weight loss between 550 — 690 K due to decomposition of 

hydroxides and further linear weight loss due to initiation of a solid-state 

diffusion and perovskite formation is observed between 700 — 1130 K. 

The reactions that are taking place during heating may be represented 

by the following scheme. 

300-550 K 

M M`(OH)6.xH 2 0 	 M M`(OH)6 + xH2 O. 

- 575-675 K 

M M'(OH)6 	 % M203 + M' 2 0 3  + 3 H 2 O. 

- 675-1100 K 

% M203 + M'203 	-+ MN/1'03. 

where M and M' are trivalent rare earth and transition metal ions. 
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The perovskite phase formation appears to take place over a large range 

of temperature after decomposition. 

4.4 Electrical resistivity measurement: 

Electrical resistivity of the different prepared samples were measured 

using two probe method at various temperature from room temperature to 

823 K. The resistivity of these pQrovskites were found in the range of 

semiconductors. Low temperature resistivity from 77-300 K, of intermediate 

compositions of La i _ x Nd xNiO3 series were measured as shown in fig. 4.15. 

Plot of resistivity (2) versus Temperature are shown in figures 4.13 - 4.17. 

Resistivity is found to decrease with increase in the temperature for all the 

compositions that were studied. 

For LaMni_xCoxO3 series, as seen in fig. 4.13, a broad higher order 

semi-conductor to semi-metallic transition between approximately 520 and 

750 K has been observed for these compositions in agreement with the report 

by Thornton et a1 72  for LaCoO3. Among the different compositions, 

LaMn0.7C00.303 shows slight increase in resistivity. Jonker 8  reported that the 

small amount of Co act as a p-type dope in the LaMnO3 by the formation of 

Mn" ions. The formation of Mn" and Co +2  is most probably the explanation 

of the increased resistivity at x = 0.3. LaMnO 3  shows a sharp jump of the 

resistivity in the above range of temperature. The resistivity showed 
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minimum for LaCoO3 and the nature of resistivity curve is similar to the 

literature -77 ' 198 . The resistivity decreases much more rapidly in the interval 

398 < T < 650 K, which represent a region of short range order, the ordered 

phase occurring at higher temperatures, where the population of high and low 

spin cobalt ions approach to one another. 

For LaNi1_xCox03 system, as seen in the fig. 4.14, LaCoO3 shows the 

minimum resistivity and for the composition x = 0.3, it is maximum. This 

means that substitution of Co +3  in the lattice of LaNiO3 increases the 

electrical resistivity. Generally -d— electrons in the transition metal 

perovskites can occupy either localized or itinerant states. The low spin 

t 2g6 e g 1 configuration of Ni (III) in LaNiO 3  give rise to metallic behavior, 

whereas in LaCoO3 the d— electrons exhibit localized and itinerant behavior at 

different temperatures. 

Fig. 4.15 shows the low temperature resistivity measurements for 

Lai_xNdxNiO3 system from 77 to 300 K for x = 0.3, 0.5 and 0.7. Several 

authors reported 47,48,75 the low temperature first order metal-insulator 

transition for NdNiO3 at 200 K. As LaNiO3 shows metallic conductivity and 

NdNiO3 first order metal-insulator transition at 200 K, an attempt is made to 

see the systematic changes taking place by substitution of Nd +3  ions in the 

lattice of LaNiO3. As seen in the figure for x = 0.3, the resistivity trend 

remains similar to LaNiO3 but slight scattering of data at 200 K is observed. 

For x = 0.5, the trend is more like NdNiO 3  for lower temperature and a 
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transition is observed at 200K, For x --- 0,7 a sharp transition at around 200 K 

is observed. The evolution of first order metal-insulator transition T M .! for 

NdNiO 3  can be correlated with the degree of deviation, which increases as 

La +3  is substituted by more and more smaller size Nd +3  corresponding to the 

tilting of the Ni06 octahedra. These tilt angles are basic parameters in the 

magnetic and electronic behavior of this system because they govern the 

transfer integral between Ni e g  and 0 2p orbitals and therefore there exist 

electronic transfer and exchange energy among them. 

Fig. 4.16 shows the observed pattern of resistivity for 300 to 873 K for 

the above system. It can be seen th-at all compositions show more or less 

similar resistivity behavior. LaNiO 3  is having minimum resistivity and 

NdNiO 3  shows slightly better resistivity and its resistivity fall below LaNiO3 

at around 550 K. La 0 . 5 Nd 0 5 NiO 3  shows comparatively higher resistivity than 

other remaining compositions. 

In fig. 4.17 for Lai_xNdxCo03 system, the end compounds show similar 

pattern with minimum electrical resistivity, followed by x = 0.5 slightly 

above. The compositions La o 3Ndo 7 Co0 3  and La o 7Nd o 3 Co0 3  show similar 

pattern of enhanced resistivity. Jorge et a1 66  reported the possible explanation 

for the lower resistivity values of a perovskite compound, which is related to 

a less distorted structure. LaCoO3 has a rhombohedral structure, which is 

distorted than the cubic NdCo0 3  Thus the observed resistivity for NdCoO3 is 

slightly lesser than the rhombohedral LaCo03 
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4.5 Magnetic susceptibility and saturation magnetization measurements: 

The magnetic susceptibility of different parainagnetic compounds was 

determined by Gouy method at room temperature using field strength of 

10,000 gauss. The magnetic moments. in Bohr magneton were calculated using 

an expression Il e ff (B.M.) ---- 2.84 x. X T. where x. is the molar 

susceptibility at room temperature. 

The observed gram susceptibility and saturation magnetization values at 

room temperature are presented in table 4.1 and 4.2 respectively. Gram 

susceptibility values for La1_xNd xNiO 3  and La i _xNdxCo0 3  system are in the 

range of 0.5 x 10 -5  to 2.33 x 10 -5  emu/g and 1.96 x I 0 -5  to 2.85 x 10 -5  emu/g 

respectively. It is observed that susceptibility values gradually increase with 

the increase in x value i.e. Nd +3  ions in above series. x g  values obtained for 

the end compounds LaNiO3, NdNiO 3  and LaCoO3 are in consistence with the 

literature 46,58,69,198. LaNiO 3 , a rhombohedrally distorted compound is 

pauli-paramagnetic by virtue of strong Ni-O-Ni orbital overlap and shows no 

evidence of static Jahn-Teller distortion associated with low spin t 2g 6 e g 1 , the 

single e g l  electron. This partially filled e g  orbital would be transformed into 

partially filled a* band states. There is no spontaneous magnetization of the 

conduction band states 34 . NdNiO3  is a typical paramagnetic substance with a 
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Table 4.1 The observed gram susceptibility values 
at room temperature. 

Sr. 
No. 

Catalysts 
(emu/g) 

Leff 
(B.M.) 

1. LaCoO3 0.19 x 10 -4  3.4 

2. LaNiO 3  0.05 x 10 -4  1.76 

3. La0. 7 Nd0.3NiO3 1.64 x 10 -5  3.13 

4. La0.5Nd0.5NiO3 1.79 x 10 -5  3.28 

5. La0 .3Ndo.7NiO3 2.18 x 10 -5  3.67 

6. NdNiO3 2.33 x 10 -5  3.76 

7. La0.7Ndo.3Co03 2.23 x 10 -5  3.65 

8. La0. 5 Nd0.5Co03 2.46 x 10-5  3.85 

9. La0 .3Nd0.7Co03 2.68 x 10 -5  4.00 

10. NdCoO3 2.85 x 10 -5  4.16 
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Table 4.2 The -observed saturation magnetization 
values at room temperature. 

Sr. No. Catalysts 

Saturation 

magnetization 

(emu /g) 

1. LaMnO 3  13.9 

2. LaMn0.7C 0.303 9.5 

3. LaMno 5 Coo 503 .8.8 

4. LaMn o  3 Coo 7 03 8.7 

5. LaNio 7 Co0. 3 03 6.4 

6. LaNi 0 . 5 Co0. 5 03 6.6 

7. LaNi 0 . 3 Co0 7 0 3  6.1 
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large concentration of local magnetic moments 52 . Thus with the increase in 

x value, there is an increase in x g  values. 

In La1_xNdxCo03 system, as x value increases, there is a gradual 

change in the symmetry from rhombohedral to cubic form, which gets 

reflected into their magnetic susceptibility values. This explains higher 

magnetic susceptibility for cubic NdCo0 3  and lower values for LaCo0 3 

 having rhombohedral structure. 

In the case of LaMni..xCox03 system, it is observed that LaMn0 3  is an 

antiferromagnetic compound and therefore the x g  value was measured only for 

LaCo03. The effective magnetic moment is rather high for the x = 0.0, 0.3, 

0.5 and 0.7 and therefore saturation magnetization were measured for these 

compositions at room temperature as shown in Table 4.2. The intermediate 

compounds of LaNii_xCox03 system show weak antiferromagnetic behaviour, 

though the end compositions are pauli-paramagnetic and paramagnetic. 

LaNiO 3  is pauli-paramagnetic by virtue of strong Ni-O-Ni orbital overlap 

associated with low spin t2 g 6  e g ', the single e g ' electron. With the substitution 

of Co +3  in the place of Ni, the Ni-O-Ni orbital overlap becomes less, which is 

due to the ickia spin t 2g 6 e g°  orbital occupation. This give ,  rise to slight 

magnetization of the conduction band states and antiferromagnetic behaviour, 

therefore saturation magnetization were measured for these compositions. 

LaCo0 3  is paramagnetic gave x g  value of 1.9 x 10 -5  emu/g and li e ff value of 
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3.4 B.M., which is in agreement with-the literature value 68 . It is found th,  

the C +3  ions in the intermediate compositions do not lie in the low - spi 

state (S = 0), they have magnetic moments much less than that of the Mn 

ions. Thus the total moment of the Co ." substituted system comes from boi 

this Mn+3  and Co +3  ions. Since Mn +3  ion has larger magnetic moment tha 

C ions, the decrease of Mn / Co ratio reduces the total moment, wit 

increase in x as reported by others 74 . Topfer et a1 61  reported that LaMnO 3 

 able to display a large range of nonstoichiometry in both the La/Mn ratio an 

the oxygen content. At higher oxygen activity, oxygen excess LaMnO 3 

 accommodates the excess oxygen by creating vacancies. In compounc 

La/Mn # 1, the 8 = 0 composition has vacancies on the oxygen array as we 

as the cation-deficient array since the structure accommodates vacancies moi 

readily than interstitial atoms. In LaMn03+8, a rhombohedral phase, as the Mn 

is substituted with Co, Mn" / Mn +3  ions ratio decreases. Antiferromagnetic 

behaviour of LaMnO3, which is attributed to the clusters sufficiently rich in 

Mn+4  ions, become paramagnetic for LaCoO 3 , thus lowering the net 

magnetization of the system. 

4.6 ESR Studies: 

ESR studies carried out for various samples to get an insight about the 

catalytically active and paramagnetic species. The technique was used as 
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qualitative tool to ascertain the changes occurring with the A—site and B—site 

substitution in these perovskite structures. ESR data of different perovskites 

recorded at liquid nitrogen temperature is presented in table 4.3. ESR spectra 

of all the samples are shown in fig.4.I 8 - 4.21. It is observed that a signal 

with a broad line-width for all the compounds under study. These compounds 

did not show any ESR signal at room temperature and thus the spectrum were 

recorded at liquid nitrogen temperature, showed broad spectra. The broad line 

observed may be due to the paramagnetic ions having a nuclear moment, has a 

short lifetime of the excited state. Thus the line width depends on the 

relaxation time of the spin state through either or both of the processes 

(I ) spin-lattice relaxation and (2) spin-spin relaxation. The interaction of the 

paramagnetic ions with the thermal vibrations of the lattice leads to a short 

spin-lattice relaxation time. At low temperatures the spin-lattice relaxation 

becomes less efficient, since at such temperatures the violence in inter atomic 

motion decreases, thus increasing the relaxation time. Therefore at liquid 

nitrogen temperature reasonably good ESR spectrums are observed for these 

compounds 199 . For heavier atoms like La +3 ; the spin—orbit coupling is 

strongly coupled to lattice vibrations and spin relaxation time, therefore it is 

very short at high temperatures. This means that ESR signal is very broad to 

detect even at room temperature. Therefore the above compounds do not show 

any signal at room temperature but show broad spectra at liquid nitrogen 

temperature. In the fig. 4.18, for the La i . xNdxNiO3 system as the nickel 
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Table 4.3 ESR data of different perovskite samples. 

Catalysts 
g-value 
(emu/g) 
(80 K) 

Line Width 
(gauss) 

LaMn03 2.9 Very broad signal 

LaMno.7C00.303 4.5 2020 

LaMno.5Co0.503 3.0 1960 

LaMn0.3C00.703 5.9 1420 

LaCoO3 3.7 940 

LaNiO3 3.8 	- 860 

LaNi0.7Co0.303 4.8 1120 

LaNi 0 ,5Co0.503 5.2 1220 

LaNi0.3C00.703 5.8 1620 

La0.7Nd0.3NiO3 1.9 1200 

La0.5Nd0,5NiO3 2.1 1940 

La0.3Ndo.7NiO3 2.4 1880 

NdNiO3 2.5 1260 

La 0 . 5 Nd . Co03 7.5 1020 

NdCoO3 7.4 1180 
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content is constant throughout the series the variation of g-value may be due 

to substituted Nd +3  ions. A very weak ESR signal is recorded for x = 0.5 with 

g-value of 2.15 which becomes sharp for x = 0.7 and x = 1.0 with the 

corresponding g-value of 2.5. 

In the fig. 4.19, the g-value of LaMn1.xCox03 system is found to increase 

with increase in 'x' value. A very weak ESR signal with broad line width was 

observed only at liquid nitrogen temperature for LaMn i _ x Cox03 system, 

giving an indication that Mn +3 , Mn" and Co +3  ions are ESR inactive. For 
-4( 

LaNii.xCox03 system, as seen in the fig. 4.20, the g-value increases with the 

substitution of Co +3  ions, with the increase in the line width. 

For La 1 . xNd x Co0 3  system, in the case of LaCoO 3  an ESR signal is 

observed, with a g-value of 3.7. As Ne 3  ions are substituted in the lattice a 

broad line width is observed, as seen in the fig. 4.21. Since the Cobalt 

concentration remains constant the change in the ESR signal is attributed to 

the Substituted Nd +3  ions. 
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CATALYTIC OXIDATION STUDIES 

The rare earth-transition metal oxide perovskites provide an 

excellent base for correlating catalytic and solid state properties, because 

they can be well characterized by different techniques. In this chapter the 

catalytic activity of series of perovskite with effect of A-site and B-site 

substitution is being discussed with respect to CO oxidation separately for 

series-1 (Lai_xNdxNiO3), series-11 (LaNii..xCox03), series-Ill 

(LaMni_xCox03) and series-IV (Lai_xNdxCo03) and propylene oxidation 

on selected series-II and series-III. Though these reactions are extensively 

studied over noble metal oxides and other oxide catalysts, it is not well 

studied over the above compounds. These reactions are significant from 

the point of automobile and industrial exhaust pollution control. 

5.1 Surface Area: 

The surface areas of the samples were measured by BET nitrogen 

adsorption at the boiling liquid nitrogen temperature employing an 

instrument high speed gas sorption analyzer using QUANTACHROME 

NOVA 1200, version 3.70, the results are summarized in the table 5.1. 

The compounds prepared by co-precipitation precursor technique possessed 
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the surface area as low as 3.5 m 2 /g and as high as 20.4 m 2 /g. The low 

surface area of some of the compounds may be due to more sintering. The 

nitrogen adsorption is not a very satisfactory method for absolute 

measurement. of low surface area and as such the variation seen among the 

different compositions are within the experimental errors. 

5.2 Catalytic CO oxidation reaction: All the prepared samples were 

tested for their catalytic oxidation efficiency with respect to temperature 

variation from room temperature to 700 K 

5.2.1 Series—I (La i _xNdxNiO3): The temperature dependence of CO 

conversion studies over different compositions of Lai_xNdxNiO3 (x 0.0, 

0.3, 0.5, 0.7 and 1.0) is shown in fig. 5.1. The rate of CO oxidation 

decreases with the increased substitution of Nd in the lattice of LaNiO3. 

For x = 0.0, 0.3 and 0.5 showed almost similar activity with little 

difference. The Lao.7Ndo.3NiO3 exhibits a slightly better CO oxidation 

efficiency among the different compositions within the series — I. The 

NdNiO3 compound showed lower activity. The CO conversion pattern 

reveals that with the increased substitution of Nd the conversion rate 

gradually decreases. The surface areas of these compositions does not 

appear to be the criteria for the catalytic activity in this series. For 

arriving at any correlation between catalytic behaviour and other 

properties the kinetic measurements of different compositions were carried 

out at low conversion rates and at fixed temperatures. Fractional 

conversion of CO (xco) versus W/Fco, where `W' is the mass of the 
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Table 5.1 Specific surface area of the prepared catalysts 

Sr. No Catalyst Surface area 

(m 2 /g) 

1. LaMnO3 10.1 

2.. LaMn0.7C00.303 9.0 

3. LaMn0.5Co0.503 12.6 

4.  LaMn0.3Co0.703 10.2 

5. LaCoO3 5.4 

6.  LaNiO3 3.9 

7. LaNi0.7 	o0.303 20.4 

8. LaNi0.5Co0.503 17.5 

9.  LaNi0.3Coo.703 20.0 

10.  La0.7Nd0.3NiO3 4.3 

11.  La0.5Nd0.5NiO3 7.6 

12.  La0.3Nd0.7NiO3 3.8 

13.  NdNiO3 3.5 

14.  La0.7Nd0.3Co03 4.3 

15.  Lao.5Nd0.5Co03 5.8 

16.  La0.3Nd0.7Co03 5.7 

17.  NdCoO3 4.9 
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catalyst taken and `I:co' is the number of moles of CO flowing per hour at 

different temperatures is shown 'for a representative sample in fig. 5.2. 

A linear variation of the conversion was observed with decreasing flow 

rate. The total flow rate used during the studies were between 5000 to 

8000 ml with 5% CO, 5% 02 and 90% N2 with (31ISV 5x1 0 3 . The rates 

calculated from such plots are shown as Arrhenius plots in fig. 5.3. The 

kinetic parameters such as the reaction rates, activation energy (Ea) and 

the frequency factor (A) were calculated from the Arrhenius plots and are 

summarized in table 5.2. 

Several authors 8,172,200,201  have reported that LnMO3 perovskites in 

which the lanthanide (Ln) ions are essentially inactive in catalysis and the 

active transition metal (M) ions are placed at relatively large distances 

from each other are excellent catalytic models for the study of the 

interaction of CO and 02 on single surface site. Since in our La1_xNdxNiO3 

series transition metal is Nickel, being uniformly present in the same 

amount in all compositions, the observed changes in the catalytic activity 

needs to be explained with respect to substituted Neodymium in the A- site 

and its effect on the crystal structure. Voorhoeve et a1 2°2  have reported 

that the catalytic activity for the oxidation of CO is closely related with 

the electronic structure of surface oxide ions. Furthermore, the electronic 

properties of perovskite type oxides are mainly determined by the 

electronic configuration of transition metal ions. Viswanathan 203  reported 

that catalytic activity of oxidation of CO is directly or indirectly related to 
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Table 5.2 Kinetic parameters of CO oxidation over 
La i _ xNdxNiO 3  catalysts. 

Sr. 

No. 

Catalysts Surf. 

area 
(n2/0 

Temp 

(K) 

Rate 

(Molec./m 2 .g) 

Ea 

(Kcal/mole) 

Freq. 

factor 

(Molec./m 2 .$) 

LaNiO3 3.9 493 1.531 	x 	10 18  14.30 6.38 x 10 19  

C
s1  La0.7N(10.3NiO3 4.3 493 1.702 x 10 18  13.74 7.39 x 10 19  

3 La0.5Nd0,5NiO3 7.6 493 4.997 x 	10 17  15.10 1.97 x 	10 19  

4 La0,3Nd0.7NiO3 3.8 493 2.352 x 10 17  17.16 0.11 	x 	10 19  

5 NdNiO3 3.5 493 1.988 x 10 17  20.97 5.65 x 10 18  
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the electronic configuration of the B- site ion and the B-O bond strength. 

Shimizu 204  reported the increase in .  tolerance factor with the increasing 

radius of the rare earth ion in the A- site. Accordingly, the increase of the 

tolerance factor will lower the interaction of B-O-B bond and may promote 

the formation of oxygen vacancies at the surface. Thus, it is possible that 

the decrease of interaction in B-O-B bond causes considerable effects on 

the activity of CO oxidation. Oxides having the lower binding energy 

therefore have been used as the catalyst, which is expected to be more 

active for CO oxidation. It can be rationalized that the increase of the 

tolerance factor may promote oxygen vacancies at the surface, which could 

cause considerable effect on the activity of CO oxidation. These 

correlations can be considered to imply (i) the active sites involved in the 

oxidation of CO consisting of the B-O-B clusters; which is in agreement 

with the conclusions reported by Tascon and Tejuca 2°5-2°7  and the B-O-B 

bond interactions depend upon the size of the B- site ion, the lower 

binding energy for the surface oxygen species is favourable for the 

oxidation of CO. 

The catalytic activity of CO oxidation in Lai_xNdxNiO3 series can be 

explained with the interpretations of Viswanathan 203  and Shimizu 204 , i.e. 

ionic size effect. LaNiO 3  having a distorted rhombohedral structure with 

optimized Ni-0 bond length. The reported 49  tolerance factor (t) for LaNiO3 

is 0.96 and the large size La" ion occupies 12-coordinated A- Site. This 

high t value lowers the interactions of Ni-O-Ni bond and thus there is 
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decrease of binding energy, which promotes the formation of oxygen 

vacancies at the surface. This lower binding energy for the surface oxygen 

species is favorable for LaNiO 3  compound to be more active for CO 

oxidation. As the substitution of Nd is increased in place of La in LaNiO3, 

Nd being of smaller size as compared to La, lowers the tolerance factor. 

The Ni06 octahedra get tilted with the atomic size difference. This tilting 

angle of the Ni0 6 - octahedra in LaNiO 3  is 9.0 whereas for NdNiO3, it is 

14.7 degree'. This makes the unit cell of NdNiO 3  to be smaller and 

slightly more distorted. Thus the magnitude of distortion is related to the 

relative distances of dNi_o and dR_o (R = La or Nd) 75 . As t value decreases, 

the interactions of Ni-O-Ni bond are increased. Therefore binding energy 

is also increased resulting in lesser oxygen vacancies at the surface of the 

catalyst. This results in decrease of chemisorption of oxygen at the 

surface. Thus catalytic CO oxidation decreases in the series and observed 

least for NdNiO3. 

From the kinetic studies, it is observed that energy of activation 

increases with the substitution of Neodymium in the place of La in the 

series with the exception of La0.7Nd0.3NiO3, where Ea observed is 13.74 

Keal/mole, thus showing slightly enhanced activity. The Ea values are in 

the range of 13.74 to 20.97 Kcal/mole. The highest value of frequency 

factor also explains the exposure of large number of active sites on the 

surface of catalysts. The lowest frequency factor value i.e. 5.65 x 10" 

molec./m 2 .s for NdNiO 3  with its low catalytic activity is attributed to 
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neodymium ions. As the Nd 43  is substituted in the place of La in the 

A- site, it is seen that rate and frequency factor are gradually decreases. 

5.2.2 Series -II (LaNii.xCox03): 

Studies of CO oxidation on various non noble metal oxides catalysts 

have shown that nickel and cobalt oxides are not the exceptions. They are 

chemically active species, which can bring about CO oxidation at varying 

degrees in different type of system. In the present study, the temperature 

dependence of CO conversion over different compositions of LaNii_xCox03 

series highlights the effect of B- site substitution of Ni by Co in LaNiO3 

lattice as depicted in fig. 5.4. In this series, highest catalytic CO oxidation 

is observed for LaC00 3 , A gradual and prominent fall in CO conversion on 

account of increase in the amount of nickel is seen. The above 

enhancement of catalytic activity with the substitution of Ni by Co can be 

explained on the basis of changes taking place in the crystal structure. 

Fierro et a1 201  reported that within the series of LaMO3 oxides, 

LaMnO3, LaCoO3 and LaNiO3 are the best adsorbents of oxygen and exhibit 

the highest catalytic activity for CO oxidation. These reactions were 

suggested to occur through a mechanism of suprafacial catalysis, where the 

catalyst provides orbitals of the suitable energy and symmetry for bond 

formation with the reactant and the intermediate products. In this 

•mechanism, which occurs without the lattice oxygen participating in the 

reaction, the adsorbed oxygen is playing an important role in the 
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mechanism. Further they report that LaCoO3 has better catalytic activity 

than LaNiO3 for the CO oxidation. Voorhoeve et al202,106,173,176, Shimizu2" 

and Tascon & Tejuca 2 " have shown a suggestive correlation between , 

 catalytic activity data and the electronic configuration of the transition 

metal ion. The octahedral environment of the B- site ions splits the 

d- orbitals into two levels. The lower (t2 g) contains orbitals that are 

repelled less by negative point charges (0 2- ) than the orbitals in the higher 

(e g) level. They observed that the maximum activity is attained in both 

cases for an occupation of the e g  levels with less than one electron and the 

t2 g  levels with half-filled or completely filled. The catalytic activity gives 

maximum value under the electronic configuration of e g X  in the range of 

0 < x < 1 and drops with the occupation of e g  level. The transition of 

electron spin to the empty e g  levels which form the lowest antibonding 

d- orbitals at the surface are responsible for the CO oxidation catalytic 

activity. The observed trend of CO oxidation on this series can be 

explained on the basis of above reports. In the case of LaCoO3, the B- site 

• 

Co -i3  has t 2g6 e g0 where as in LaNiO3, the B- site has t2 g 6 e g 1 orbital 

occupation and the t2 g  levels being completely filled. As the substitution of 

Ni by Co increases in the LaNiO3 lattice, the transition of electron spin to • 

the empty e g  levels of Co increases and thereby gradually increasing the 

observed CO catalytic activity. 

The kinetic measurements of different compositions were carried out in 

similar manner as in series-I. Fractional conversion of CO (Xco) versus 
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W/Fco at different temperatures is shown for a representative sample in 

fig. 5.5. The reaction rates are calculated from. Arrhenius plots as shown in 

fig. 5.6. The kinetic parameters were calculated from the Arrhenius plots 

and are summarized in table 5.3. From the kinetic studies, it is observed 

that the rate of reaction and frequency factor values increases with the 

Cobalt substitution in the B- site of LaNiO3. Rate of reaction is increasing 

from 4.0218 x 10 17  to 6.6391 x 10 18  molec./m 2 .s and the frequency factor 

value increases from 1.9051 x 10 19  to 3.1712 x 10 20  molec./m 2 .s, indicating 

that the rate increases with the concentration of active sites of the catalyst. 

Thus activity rises with the rise in the concentration of Cobalt ions. 

5_2.3 Series-Ill (LaMni_xCox03): 

The perovskite compositions of LaMni_xCox03 series are tested for 

CO oxidation and the role of Mn -I3  and Co +3  ions variation in the B- site 

and its effect on catalytic oxidation of CO is attempted. The temperature 

dependence of CO conversion studied for different compositions is shown 

in the fig.5.7. In this series, incorporation of Cobalt with its increasing 

concentration in the lattice of LaMnO 3  showed a distinct rise in the 

catalytic activity as Co concentration increases. The trend of catalytic 

activity is in the order of x = 1.0 > 0.7 > 0.5 > 0.3 > 0.0. Thus LaMnO 3 

 showed the lowest conversion activity. For LaMnO3 , the induction 

temperature is high as compared to other compounds. LaCoO3 showed a 

T 
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Table 5.3 Kinetic parameters of CO oxidation over 
LaNi i_xCox03 catalysts. 

Sr. 

No. 

Catalysts Surf. 

area 

(Pr4 2 /g) 

Temp 

(K) 

Rate 

(Molec./m 2 .$) 

Ea 

(Kcal/mole) 

Freq. 

factor 

(Molec./m 2 .$) 

LaNiO3 3.9 433 4.02 x 10 17  12.58 1.905 x10 19  

2 LaNi0.7Co0.303 20.4 433 6.83 x 10" 12.71 3.204 x10 19  

3 LaNi0.5C00.503 17.5 433 8.43 x 10 17  11.44 4.394 x10 19  

4 LaNi0.3Co0.703 20.0 433 9.95 x 10 17  8.99 6.602 x14 19  

5 LaCo0 3  5.4 433 6.63 x 10 18  8.48 3.171 x10 2°  
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rapid CO- conversion between 373 — 398 K and around 80% conversion 

was observed at 398 K. 

Non-stoichiometry of La.Mn0 3  needs to be stressed, since in 1,aMn0 3 

 the stoichiometry of 13- site varies with the methods of preparation. XRI) 

pattern of prepared LaMn03 revealed that the compound has rhombohedral 

structure. Thus this compound is to be reported as oxygen excess 

LaMn03,8. The defect chemistry of LaMn0 3 ,8 is rather complicated 20 `1-210 . 

It is reported that the overall Mn" content is used as a measure of the 

oxygen non-stoichiometry, which can he found by considering 

LaMn ,_2 43 Mn' 4 2803,8 (overall Mn' 4  = 25). Thus substitution of Co' 3  in 

such a system, results in variable oxidation states of cobalt. 

The catalytic activity of rare earth cobaltites for the oxidation of CO 

to CO2 can be related to spin and valence state of Co. LaCo0 3  shows the 

presence of both high- spin and low-Spin trivalent Co ions. Magnetic 

susceptibility studies" showed that LaCo03 has low spin Co (111) , 6 (I 
a t a i2g Cg al  

particular temperature range (It) up to 398 K. however above 398 K the 

electron transfer from high-spin Co' 3  to low-spin Co (11 " produces 

6 intermediate spin Co Div) t2 84 e 8 ' ions and low-spin Co (I])1  t2 g  e g I  states 77
. 

This is followed by the onset of a .  short range ordering around 398 K, 

accompanied with simultaneous increase in Co' 3  concentration and 

cation - anion movements. It is possible that Co l3 (high spin) sites 

facilitate the adsorption of CO in the presence of other Co states, 

particularly Co (1 ' I)  low spin. In the LaMni_xCox03 series, when Mn is 
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partly substituted by Co ions, the activity sharply increases. Mn +3  ion 

being a high - spin t2 g 3  eg ' exhibit a localized behavior of d- electrons 

having lower catalytic activity, therefore with the decrease of Mn / Co 

ratio, the concentration of high-spin Mn" decreases and low-spin Co (111)  

t2g
6
e 

0 increases, resulting in gradual increase of the catalytic 

172,203-204 .  activity 

A correlation between catalytic behaviour, other properties and the 

kinetic measurements of different compositions were carried out. 

Fractional conversion of CO (xco) versus W/Fco at different temperatures 

is shown for a representative sample in fig. 5.8. The reaction rates are 

calculated from Arrhenius plots as shown in fig. 5.9. The kinetic 

parameters were calculated from the Arrhenius plots and are summarized in 

table 5.4. It is observed that the rate of reaction and frequency factor 

increases with the Cobalt substitution in the B- site of LaMnO3. Rate of 

reaction is increasing from 1.0456 x 10 17  to 7.7457 x 10 17  molec./m 2 .s and 

the frequency factor increases from 0.613 x 10 19  to 3.5315 x 10 19 

 molec./m2 .s, indicating that the rate increases with the concentration of 

active sites of the catalyst. Further the rate and the frequency factor, 

which are directly proportional to each other could not be correlated with 

the energy of activation. 
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Table 5.4 Kinetic parameters of CO oxidation over 
LaMn i _xCox 0 3  catalysts. 

Sr. 

No. 

Catalysts Surf. 

area 

(na/g) 

Temp 

(K) 

Rate 

(111olec./m 2 .s) 

Ea 

(Kcal/mole) 

Freq. 

factor 

Molcc./m 2 .$) 

1 LaMn03 10.1 393 1.04 x 	10 17  10.17 6.13 x 10 18  

, LaMn0.7C00.303 9.0 393 2.47 x 10 17  -9.20 1. 675 x 10 19  

3 Lal'An a5 Co o . 5 0 3  

N
 

■-• 393 2.52 x 10 17  , .79 1.710 x 	10' 9  

LaMn0.3Coo.703 7.9 393 5.46 x 10 17  9.63 2.101 x 	10 19  

5 LaC00 3  5.4 393 7.74 x 10 17  :9.23 3.531 x 	10 19  
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5.2.4 Series•IV (La;_xNeixC003): 

Catalytic CO oxidation over LaCo03 and NdCoO 3  are well studied by 

many investigators 42.178,1 	11 80,2 .  Studies have shown that among non noble 

metal containing catalysts Co +3  is chemically active for CO oxidation. In 

this series an attempt has been made to understand the effect of A- site 

substitution by Nd in the lattice of LaCoO 3 . The temperature dependence 

of CO conversion for different compositions is shown in fig. 5.10. 

Substitution of La by Nd in the lattice of LaCoO 3  showed no much 

change in the catalytic activity of CO oxidation, except x = 0.3, which 

showed marginal low conversion almost similar at higher temperatures. For 

LnIV103 A-site lanthanide are essentially inactive where as 13-site transition 

metal ions are directly or indirectly responsible for the catalytic activity. 

Enhanced activity of NdCoO3 as compared to other rare earth cobaltite for 

CO oxidation is in agreement with earlier reports of Viswanathan 203  and 

Om Parkash et al l ". Later authors related catalytic activity with the spin 

and valence state of Co present in the temperature region, where increased 

catalytic activity is found during the reaction. Balker et a1 42  studied 

comparatively the effect of rare earth in LnCoO3 perovskites for the 

oxidation reaction and interpreted that in LnCo03, the activity is slightly 

dependant on the A- site ion size i.e. the smaller the A- site lanthanide ion 

higher is the catalytic activity. However, a correlation between the 

catalytic activity and the surface oxygen binding energies has been found 

by Futai et a1 21  for the oxidation of CO over LnCoO3 perovskites. 
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Arakawa et a1 212  reported the decrease in energy of the metal-oxygen bond 

from LnCo03 to, EuCo03, suggesting a correlation of the catalytic activity 

with the surface oxygen binding energies. Surface area of the cobaltite 

does not appear to be a significant factor in determining the catalytic 

activity for CO catalytic oxidation. Though all the compositions in the 

series possess more or less similar surface area, NdCo03 showing the 

highest activity, indeed possess surface area lower than LaCo03. 

It is also reported 180,213-214 for non-substituted LnCo03 (Ln = La, Sm, 

Nd, Dy) perovskites, that two Co ions in oxidation states differing by one, 

bonded by oxygen ion, can exchange an electron through the oxygen 

p orbital i.e. Co ---0 --Co 	 . This exchange known as 

Zener double exchange, accounts for the average oxidation states of 

oxygen ions mat least on the time scale of the reaction of CO oxidation 

and reaches a maximum for the angle Co-O-Co of It radians 213 , i.e. for the 

cubic structure. It has been suggested that such an average oxidation state 

of Co facilitates the adsorption-desorption of the reactants, whereas 

individual Co -" ions in their discrete spin and oxidation states lead to an 

adsorption process that is too strong or too weak for the catalytic reaction 

to take place 18° . 

The catalytic activity of CO oxidation in Lai_xNdxCo03 series can 

be explained on the concept of Zener double exchange. Our XRD patterns 

showed LaCo03 has rhombohedral structure and NdCo03 has a cubic 

structure. So in the case of NdCo0 3  being a cubic structure, the catalytic 
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activity for CO oxidation is enhanced by an average oxidation state of 

Cobalt which facilitate the adsorption of CO and Oz reactants. Whereas as 

the amount of Nd substitution is decreased in the LaCoO3 lattice, the 

structure becomes more and more rhombohedral in which individual C 13  

ions in their discrete spin and oxidation states favours the catalytic 

reaction of CO to a less extent. This catalytic behaviour of the series is 

further correlated to crystal and associated energy of metal-oxygen bond as 

per the earlier reports 21 ' 212 . Accordingly in the case of NdCoO3, the 

interactions of Co-O-Co bond are weak and thereby result in the decrease 

of binding energy, which promotes the formation of oxygen vacancies at 

the surface. This lower binding energy for the surface oxygen species is 

favorable for NdCoO 3  compound to be more active for CO oxidation. On 

the contrary, in LaCo03 lattice the Co-O-Co bond energy is high and 

lattice oxygen is more strongly held, which results in less oxygen 
•». 

vacancies at the surface, which lowers the catalytic activity to some 

extent. 

5.3 Comparative study of the compositions: 

Comparative study of percent conversion as a function of a catalyst 

composition for all the four series at different temperatures is compared as 

shown in fig: 5.11 and 5.12. The following are few important observations. 

Among series-1 (Laj_xNdxNiO3) and Series—IV (La i _ xNdxCo03 ), wherein, 

Lanthanum is being substituted by Neodymium at the A- site, a large 
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difference in the conversion pattern is observed in nickelates and 

cobaltates. In the former series —I, the marginal increase for x = 0.3 and a 

considerable fall of activity for x = 0.7 and 1.0 is observed as seen in the 

fig. 5.11(a). In the later series —IV, the observed activity pattern is more 

or less same with slight difference for x = 0, 0.3 and 0.5 and a marginal 

increase for NdCoO3 as seen in the fig. 5.11(b). 

The series—I1I:(LaMni_xCox03) and Series—II:(LaNii_xCox03) have 

a.nalogy in the pattern of their activity. Activity gradually increases with 

the substitution of Co +3  in the lattice of LaMnO3 and LaNiO3. Thus LaCoO3 

shows maximum activity of 100 % at lower temperatures. This shows that 

Co +3  is very active species for CO oxidation as seen in the fig. 5.12. 

5.4 Effect of Partial Pressure of the reactants: 

The effect of partial pressure of the reactant CO and oxygen on the 

kinetics was studied on the selected series at 453 K. Partial pressure(log P) 

of CO and 02 versus Rate (log R) plots are shown for the representative 

samples in fig.5.13. It can be seen from the plots that reaction is of first 

order with respect to CO and Zero order with respect to oxygen for all the 

series. 

5.5 Catalytic propylene oxidation reaction: 

The goal of this work is to study some selected perovskite 

compounds for total oxidation of propylene, which is one of the 

A 
	 hydrocarbon in the automobile exhaust gas. Propylene oxidation is studied 
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on series-II (LaNii_xCox03) and series-III (LaMni_xCox03) for the total 

oxidation to CO2 and Water. An attempt is made to understand the effect of 

B- site substitution in both the series. As the temperature is raised, 
ol- 

catalytic oxidation begins by the formation
Aw

ater vapors and CO 2 . For the 

C3H6 oxidation reaction, CO2 and water were the only products and no 

oxygenated organic compounds were detected by GC with Porapak N 

column. Water vapors were trapped and condensed in the U — tube. 

5.5.1 . : Series-II (LaNi i _xCo 0 3 ): 

The temperature dependence of propylene oxidation on different 

compositions of LaNi i _xCox03 is shown in the fig. 5.14. The results 

showed some interesting trend of activity. Both terminal compounds 

showed low activity up to 598 K and higher activity of around 30-32 % at 

about 698 K. Intermediate compositions showed better conversion activity 

below 590 K, but there is no sharp rise in activity above 600 K. It is also 

noted that all compositions showed 22-25 % conversion activity at around 

598K. The activity is maximum for X = 0.7 composition, followed by 

X , = 0.5, 0.3, 1.0'and LaNiO3 showed low activity up to 590 K. 

Kremenic et al 1°8  studied chemisorption of 0 2  and the total oxidation 

of propylene on LaMO3 perovskites and reported thht catalytic activity 

increases in the same order of adsorption of 02 on clean surface. Thus 

LaCoO 3  having considerably higher adsorption of 02 showed better 
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activity than LaNiO3 for the total oxidation. Further, activation energy 

reported for LaCoO3 is lower than LaNiO3, which influences the catalytic 

reaction. In LaMO3 perovskite type oxides., B- ions are situated in the 

center of an octahedra whose vertices are occupied by 0 ions and the 

M-O bond strength differ for each member of the series depending upon 

their tolerance factor. Therefore under the condition of adsorption and 

catalysis, different surface defects concentration an.d nature of defects may 

be produced in each of these oxides. The change in crystal field 

stabilization energy due to the change in coordination of M +3 ion on 

adsorption of 02 and their experimental profiles of adsorption and catalysis 

were supporting the ideas of Lowden and Wells 215 . Thus the relationship 

between the local symmetry of surface cations and the adsorption and 

catalysis, shows the importance of localized interactions in these surface 

processes. On the other hand, the observed relation between catalytic 

activit . .• ror the total oxidation and 02 adsorption shows that adsorbed 

o ygen (not the lattice oxygen) plays an important role in this catalytic 

reaction. This in ,  icates that the total oxidation of propylene occurs 

through fi suprafacial catalysis mechanism in which the catalyst provides 

orbitals of al.,1ropriate energy and symmetry for bond formation with 

reactan'. ald intermediate. Corberan et al" °  studied 02 adsorption and total 

o;,,- idation of propylene on LnCoO 3  and arrived at a conclusion that the 

activation and the bond strength of propylene with the adsorbent surface 
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greatly influence the catalytic action for oxidation of these oxide 

materials. 

In the case of LaCoO 3 , the B- site Co +3  has t 2g 6 e g °  where as in 

LaNiO 3  the B- site has I2 8 6 e s i  orbital occupation and the t2 g  levels are 

completely filled. Thus Co +3  must be providing empty e s°  orbitals for 02 

adsorption, which influences the suprafacial mechanism for the total 

oxidation of propylene. As the substitution of Co increases in the LaNiO 3 

 lattice, the transition of electron spin density to the empty es  levels of Co 

increases. Thus the 02 adsorption is less and thereby gradually decreases 

the observed propylene conversion activity. Salomorisson et a1 216  reported 

mixing of that B- sites in perovskites invoke a strong synergistic effect 

even when the host and substitute cations have the same valc• cy. Such 

substitution led to defect structures. The probable explanation for the 

higher activity of the intermediate composition up to 596 K may be Oue to 

cooperP'.ive effect of Ni +3  and Co +3  in the B- site and observed high 

facc areas leading to increased 02 adsorption, which enhances the 

c' , talytic activity. The decrease in sharp rise of activity with further 

increase in temperature may be due to non availability of enough surface 

oxygen for the oxidation reaction above 600 K. 

5,5.2: Series-III (LaMni_xCox03): 

The perovskite compositions of LaMni_xCox03 series are tested for 

propylene oxidation and the role of Mn +3  and Co +3  ions variation in the 

B- site and its effect on catalytic total oxidation of C3I-16 is seen. The 
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temperature dependence of C3H6 conversion studied for different 

compositions of LaMni.xCox03 is shown in the fig. 5.15. 

In this series, incorporation of Cobalt in the lattice of LaMnO 3 

 showed decline in the catalytic activity for C3H6 oxidation except at 

x = 0.7. The trend of catalytic activity is in the order of x = 0.3 > 0.0 > 0.5 

> 1.0 > 0.7. The former three compositions showed around 40 % catalytic 

activity at 698 K. The activity pattern can be explained on the basis of 

activity for LaNii..xCox03 series. Kremenic et ai m  reported that catalytic 

activity increases in the same order of adsorption of 02 on clean surface. 

Their profiles of 02 adsorption showed sharp maxima for LaMn0 3  and 

LaCoO3 

In the LaMnO 3  and LaCoO3 perovskites, the M -13  and Co +3  ions are 

in the octahedral environment whose vertices are occupied by 0 — atoms. 

The metal — oxygen bond strength is different for Mn—O and Co-0 bonds, 

thus surface defects concentration and the nature is produced in each of 

them. The results are discussed within the framework of the ideas of 

Dovvden and vvells 215  on the local symmetry of surface cations, its 

influence on catalysis and show the importance of localized interactions in 

propylene oxidation. The catalytic activity of LaMnO 3  and LaCoO3 in 

terms of change in crystal field stabilization energy, as a result of the 

change in coordination of the Mn -" and Co" ions is , maximum in 

comparison with the other first transition series metal ions. Surface area of 

LaMnO 3  measured is double that of LaCoO3, which may be responsible for 
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considerable increase in the 02 adsorption on the surface. Adsorbed 

oxygen plays an important role in this catalytic reaction thus slightly 

increasing the catalytic activity of the LaMn03 compound with the 

suprafacial catalysis mechanism for the total oxidation of propylene. 

5.6 Comparative study of the compositions: 

Comparative study of percent propylene conversion as a function of 

a catalyst composition for both is compared as shown in fig. 5.16. In 

series—II, (LaNii_xCox03) it is observed that with the substitution of 

cobalt, conversion increases till x = 0.7, which uniformly show higher 

conversion at different temperatures. The observed trend is different for 

series—III:(LaMni_xCox03) in which with the substitution, activity 

decreases at different temperatures and LaMn 0 .7Co 0 . 3 0 3  catalyst shows 

maximum conversion as shown in fig. 5.16(a). 
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CONCLUSION 

The perovskite type mixed oxides occupie's a prominent place in 

material science and catalysis. These materials possess well- defined bulk 

structures. An important characteristic of rare earth perovskite is the 

possibility of varying the dimensions, by substituting A- site or B- site or 

both ions with foreign metal ions, thus making them to behave as Chemical 

chameleons. 

In, this investigation, studies were carried out on rare earth transition 

metal perovskites, with an aim to correlate their solid-state and catalytic 

properties, with either A- site  or B- site substitution with other metal ions 

from the same period. The • solid perovskite samples investigated were 

prepared by co-precipitation precursor technique, which on decomposition 

give fine oxide particles 

X- ray studies confirmed that all the prepared samples were 

monophasic and well crystalline form. It was a challenging task to obtain 

well crystalline samples , of LaNiO 3  and NdNiO 3  in the monophasic form for 

the reason of instability of nickel in +3 oxidation state. Further it is stressed 

here , that the samples like nickelates and cobaltates of praseodymium, 
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Samarium and Gadolinium could not be obtained in the crystalline 

monophasic form by this method. The XRD patterns show that LaNiO3 is 

indexed to be rhombohedral and NdNiO3 to be of orthorhombic crystal 

structures. ' The sample of LaMn03 prepared was found to be with 

rhombohedral geometry. NdCo03 showing sharp peaks is found to be cubic 

structure. The XRD patterns of intermediate compositions showed finger 

print match with the end compounds. 

Perovskite samples prepared by hydroxide precursor technique possess 

considerably better surface areas, which is directly or indirectly influenced 

the catalytic activity. The intermediate compositions of LaNii_xCox03 

system obtained by heating for short time have surface areas as high as 

20.4 m 2 /8 for x = 0.3. 

The FTIR study was an important tool to get an idea of gradual and 

systematic changes taking place in'the crystal structure with the A or B- site 

substitution and the resultant metal-oxygen bond covalency. In the 

Lai_xNdxNiO3 system with the increase in neodymium in the lattice, the 

Ni-0 bond becomes longer and weaker as shown by vibration modes. Similar 

changes are also observed forLaNi1.x6x03 series with Co +3  substitution. In 

LaMni_xCox03 series, the sharp two bands observed for less distorted 

LaMn0 3  are shouldered with the Co +3  substitution indicating that Mn-O 

bonds are stronger than Co-0 in the system. A similar explanation holds 

good for Lai_xNdxCo03 series. 
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Thermal studies were carried out on the precursors for their 

decomposition behaviour, revealed that overall decomposition pattern is 

similar with three distinct steps. The loss of moisture in the range of 

300-550 K, followed by hydroxide decomposition between 575-675 K and 

initiation of a solid-state diffusion leading to perovskite formation between 

700-1100 K. The perovskite phaSe formation appears to take place over a 

large range of temperature after decomposition. 

Electrical resistivity measurements with temperature showed that the 

resistivity plots of all the compositions decreases in the shape of a curve 

exhibiting in the range of semi-conductors. 11.1 the samples showed a broad 

higher order semi-conductor to semi-metallic transition in the range of 

520-750 K. 1.n LaMn0.7Co0.303 system, increase in the resistivity is observed 

which may be due to p- type dope. NdCoO3 showed lower resistivity 

compared to LaCoO 3 . This is attributed to cubic structure of NdC;q:) 3 . An 

attern, to study the changes in the linear resistivity pattern of LaNiO3 at 

'ow :nperatures with the substitution of neodymium, which otherwise 

shows transition at 200 K was a great success. It is interesting to see the 

changes taking place in the resistivity patterns of intermediate compositions, 

It is concluded that the variation of different size cations in the lattice can 

lead to changes in the d- electrons of B-site transition metal ion, resulting in 

the crystal structure which accounts for the changes in magnetic and 

electrical properties of the perovskites. 



Magnetic susceptibility studies showed that LaNiO3 is pauli-

paramagnetic and there is no spontaneous magnetization of conduction band 

as indicated by low susceptibility value. The susceptibility value increases 

with the substitution of Nd in LaNiO3 and LaCoO3 in the A- site. The 

calculated values of effective magnetic moment were high for the 

intermediate compositions of LaMni_xCox03 and LaNilxCo x O3 systems, 

which are found to be magnetic in nature. The saturation magnetization 

values showed that they exhibit antiferromagnetic behavior. 

ESR•spectra recorded at liquid nitrogen temperature showed broad line 

width for all the compositions. This may be due to the paramagnetic ions 

with a nuclear moment having a short lifetime of excited state because of 

larger size rare earth ions in the samples. 

A significant decrease in the catalytic activity for CO oxidation was 

observed by the A- site substitution in LaNiO3 with smaller size neodymium 

cation. However slight increase in the activity was observed with similar 

substitution in LaCoO3 lattice. The substitution of Co +3  ions in the lattice of 

LaNiO3 and LaMnO3 at the B- site showed tremendous increase in the CO 

conversion activity. Enhancement in the catalytic activity indicates that the 

Co is the active species for oxidation reactions. The observed trends of 

activity is linked with the crystal structure changes and covalency of metal 

oxygen bonds in the lattice thus directly affecting the electron densities of 

B- site transition metal ion. 
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As far as propylene oxidation is concerned, interesting results- were 

obtained. For LaMn1.xCox03 system , the conversion efficiency decreases 

with the cobalt substitution. For the LaNii.xCoxO3 system, the intermediate 

compositions showed, enhancedactivity at lower temperatures, -which may be 

due to phenomena of synergism. 

From the partial pressure studies performed on CO oxidation on 

selected perovskites, it can be concluded that CO oxidation reaction is first 

order with respect to CO and zero order dependence on 02 . Further from the 

experimental data, it may said that Langmuir-Hinshellwood type mechanism 

for CO oxidation over different perovskites is predominant, which proceeds 

via carbonyl formation as explained by molecular orbital theory. 

We conclude that to design a catalyst for the control of automobile 

and industrial pollution, the , replacement of conventional noble metal 

catalysts by oxide catalysts, which is economical, thermally stable and 

equally efficient, the following strategies are to be considered. (l) Selection 

of B-site elements which principally determine the - catalytic activity, 

(2) valency and vacancy controls by selection of A-site elements including 

partial substitution, (3) synergistic effects of constituting elements, mainly 

B-site transition elements, (4) enhancement of surface area by forming fine 

particles or dispersing on supports, and (5) may be by addition of precious 

metals with their appropriate regeneration to realize a high-performance of 

the catalyst. 
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