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ABSTRACT

STUDY OF POLYMER SUPPORTED CATALYSIS OF SOME TRANSITION

METALS ON THE CONVERSION OF

CYCLOHEXANOL AND CYCLOHEXENE

BY

AHMED HUSSEN

ADVISOR: Dr. NEGUSSIE RETTA

The synthesis of titanium molybdophosphate ( TMP), lead vanadophosphate (

LVP) and lead selenophosphate (LSP) are reported. The chemical composition, IR

spectrum, hydrogen ion liberation capacity and pH titration curve for each exchanger

have been studied.

As the investigation of the catalytic nature of synthetic inorganic polymers were

the core objective of this project, catalytic application of TMP and LVP as a support

have been studied after loading Fe+3 on each, in dehydration of cyclohexanol and

hydration of cyclohexene .From GC analysis both Fe+3/TMP and Fe+3/LVP was found

to be efficient in dehydrating cyclohexanol but not the opposite reaction. 81 % and 38 %

conversion have been achieved for each catalyst Respectively with in four hour refluxing.

Using retention time coincidence test and peak enhancement technique the only reaction

product was identified to be cyclohexene.

v



1. INTRODUCTION

Catalysis is a dominant feature in various biological and chemical reactions. It is a

key to the efficiency of chemical conversion. Most of the products in the chemical industry

are manufactured through catalysis, and problem of energy, natural resources and pollution

(concern for the environment) are problems which are amenable to solution by catalysis.

Catalysis plays an important role in pollution problems, not only in the removal of pollutants,

but also in improving the selectivity of manufacturing processes so that undesirable by-
products are not produced. In general it is vitally important in our daily life, since a large

proportion of the products that make everyday life depend to some extent on catalysis[ l ,2],

"A catalyst is by definition a substance that increases the rate of approach to

equilibrium of a chemical reaction without being substantially consumed in the reaction" [2],

The catalytic effect is attained due to intermediate chemical interaction of the

reagents with the catalysts and the participation of the latter in the formation of activated

complexes in a series of elementary steps, opening up a new reaction pathway, which

requires minimum activation energy in comparison to the non catalysed reaction. What

makes activation energy to be decreased in the presence of a catalyst ?. This could be

accounted by the incomplete rupture of the initial bonds in the activated complex, which

requires lower activation energy than the energy required to break the bond in the absence

of the catalyst [3, 4].

A possible point of view suggests that the symmetry of the molecular orbitals is

important in catalytic effects. The electronic structure of the reagents can be unfavourable

because of the incompatible symmetry of the interacting orbitals. Forbidding a reaction on

symmetry grounds causes a high activation energy. In the presence of a catalyst, new

reaction pathway is opened due to the intermediate interaction of the reagents with the

1



catalysts in a path in which orbital symmetry is favourable. In other words, the catalysts can

eliminate symmetry forbidden routes leading to a lower activation energy [3],

Catalysts may be best characterized by the following features [3,4,5],

1. Unchangeableness of the catalyst

A catalyst which is added in a reaction mixture remains unchanged at the end of the reaction

as regards to quantity and chemical composition. It is likely that a catalyst may under go

some physical change.

2. Selectivity of the catalyst

If thermodynamics permit several reaction routes, a catalyst may accelerate preferentially

some or even specific to only one of them.

3. Equilibrium point is un-affected

In reversible reactions, it is observed that the catalyst accelerates the reverse reaction to the

same extent as the forward reaction so that the ratio of their velocity, the equilibrium

constant, remains unaffected.

4. Speed up a reaction

A reaction which are possible thermodynamically but which can not otherwise proceed at

all because of kinetic difficulties, di'e accelerated to take place at reasonable time.

5. Regenerability

A catalyst could be regenerated,repeatedly used. Thus there is a possibility of conversion

of high amounts of substrate using small quantities of catalyst.

These features of catalysts caused wide usage of catalytic reactions in industry. It has
'i

become the most effective and economical method of governing chemical processes.
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1.1. CLASSIFICATION AND BACK GROUND FOR THE PRESENT INTEREST

IN SUPPORTED CATALYSTS.

Cataiysts are usually classified according to the phase relationship between the

catalyst and reactants as homogeneous and heterogeneous catalysts [4], In heterogeneous

catalysis, the catalyst and the substance to be catalysed are in two different phases. The

catalyst is introduced to the reaction mixture as a solid to facilitate a reaction through

adsorption of some or all of the reactant on its surface. Hence the rate of reaction is directly

proportional to the exposed surface area of the catalyst. Heterogeneous catalysts may be

thought of as the first generation of catalysts.

In homogeneous catalysis (second-generation catalysts) there is no phase bounda17

between the reactant and the catalyst, both being uniformly distributed in the reaction

mixture.Such catalysts normally operate in solution and the catalyst is dissolved in the

reaction mixture. Therefore, in homogeneous systems, the rate of catalytic reaction is

directly proportional to the concentration of the catalyst [4,6],

Even though in general both homogeneous and heterogenous catalysts accelerate the

rate of reaction by minimizing the activation energy, there is a significant difference between

the two, owing to the different environment they encounter. Each liaS its own advantage arid

disadvantage [6,7],

1. Recovery of the catalyst: The major disadvantage of homogeneous catalysts is the

problem of separating the very expensive catalyst from the products at the end of the

reaction. With heterogeneous catalysts this can be achieved by some kind of coarse filtration

whereas with homogeneous catalysts a very efficient distillation or ion-exchange process is

usually required.

2. Efficiency: In heterogeneous systems, the catalytic reaction must necessarily take place

through adsorption of the reactants on the surface of the catalyst so that all atoms and

3



molecules of the catalyst not present at the surface remain unused. In contrast all molecules

of the homogeneous catalysts are theoretically available as catalytic centres so that these

catalysts are potentially more efficient in terms of the amount of catalyst needed to catalyse

a given amount of reaction.

3. Reproducibility: Homogeneous, catalysts have the advantage over heterogeneous

catalysts of being totally reproducible because they have a definite stoichiometry and

structure. But the structure of the surface of a heterogeneous catalyst is heavily dependent

on both method of preparation and its history subsequent to preparation.

4.Specificity: A given homogeneous catalyst will generally have only one type of active site

and, therefore, will often be more specific than a heterogeneous catalyst where several types

of active site may be present in the form of different surface defects. These defects are

extremely difficult to control. The specificity of a homogeneous catalyst can often be

selectively modified by altering the other ligands present in such a way as to alter either the

electronic nature or the steric requirements of the site.

5. Thci'inal stability: Tho thermal stability of hotorogonoou3 cntnly3t3, such as pure metals

and metal oxides, is often much higher than that of homogeneous catalysis. Since the rate

of most reactions increases Willi temperature, a high operating temperature may be an

advantage.
6. Solvent: There is no restriction in solvent selection for heterogeneous catalysts whereas

the range of appropriate solvent for a homogeneous catalyst is often limited by the solubility

characteristic of the catalyst.

7. Controllability: Since homogeneous catalysts have definite structure its properties can

be controlled in a systematic manner by varying the ligand group attached to the transition

metal.
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When we examine the advantages and disadvantages of these two categories of

catalysts from the point of view of most desired qualities of a catalyst such as high activity,

chemical selectivity and easy recovery, it might appear that the balance would lie with

homogeneous catalysts. However, this is not so. Recovery of homogeneous catalyst is a

major problem in a large scale industrial production. It has a number of practical problems

like corrosion, deposition of the catalyst on the walls of the reactor, which would render the

process un-economic and contamination of the reaction products which would be

unacceptable in the case food stuff production. Owing to this major problem most industry

has not been so far very greatly interested to adopt homogeneous catalysis in chemical

process (apart from one or two rather notable exception namely Wacker process for the

oxidation of ethylene to acetaldehyde (boiling point 20.8nC) and Monsanto process for the

carbonylation of methanol to yield acetic acid (boiling point 117.9°C), which depend in part

for their success on the relatively low boiling points of the products) inspite of their

obvious advantages, over heterogeneous catalysts [6,7],

Recently, considerable research effort has been expended in developing catalysts

that combine as many as possible of the advantages of each of the two extreme types. To

this end one ot'the major approach is to build the catalyst mainly transition metal cations and

transition metal complex, on an insoluble support thus combining the advantages of

homogeneous and heterogeneous catalysts. This remark, the beginning of supported

catalysis which may be thought as the third generation of a catalyst [6-8], This is also not

unusual in the biological systems where enzymes in most cases are supported with

membrane [2],

The original objective in supported catalysis was undoubtedly to get over the

solubility problems of homogeneous catalysts which made their separation after reaction

5






















































































































