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CHAPTER 1

INTRODUCTION

Historical Review:

The discovery of catalysis is considerably earlier than the
discovery of the metallurgies of bronze and iron. It can be set with
some degree of certainity at the begining of the Neolithic age. One
of the most ancient catalytic processes is theé biocatalysis in the
alcoholic fermentation. The manufacture of soap and the hydrolysis
of anumal fats catalysed by bases was known 2500 years ago in the

Mediterranean world.

By the early part of the last century there had been discovered

a number of reactions whose rates were influenced by the presence
of a substance that remained unchanged at the end of the process.
These reactions include the conversion of starch into sugers, the rate
of which was influenced by acids; the-decomposition of alcohols
\

and of hydrogen peroxide, influenced by metallic surfaces; and the

formation of ammonia in the presence of spongy platinum(1].

Berzelius in 1936 realised that there are substances which

increase the rate of a reaction without themselves being consumed.
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He believed that the function of such a substance was to loosen the
bonds which hold the atoms in the reactin.g molecules together. Thus
he coined the term catalysis (Greek kata = wholly, lein = to

loosen)[2]. It has already been stressed that a chemical reaction can
not be of practical use unless it proceeds at a suitable speed. If a
reaction is too slow it can be speeded up by raising the temperature,
but this may have undesirable results; fof example, if the reaction is
exothermic the equilibrium constant will decrease, so that the yield
of products will be less. However, it is also found that the rates of
very many reactions are considerably increased by the presence of
quite small amounts of another substance, which is not itself used up

during the reaction. This phenomenon 1s described as catalysis(3].

In view of the large number of processes that have been
described as "catalyzed", it is appropriate to consider the varous
defingtions of catalysis that have been proposed from time to time.
An early definition due to Ostwald[4] was that a catalyst is "any
substance that alters the velocity of chemical reaction without
modification of the energy factors of the reaction". Later he
proposed an alternative definition which has been widely quoted: "A
catalyst i1s any substance that alters the velocity of a chemical
reaction without appearing in the end product of the reaction”. A

slightly different way of saying the same thing is to say that"a
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catalyst alters the velocity of a chemical reaction and is both a
reactant and a product of the reaction"[3]. A definition due to Bell is
very similar: "A substance is said to be a catalyst for a reaction

when its concentration occurs in the velocity expression to a higher

power than it does in the stoichiometric equation[()];

All these definitions were intended to exclude from the
category of catalysts substances that accelerated the rate of a
reaction by entering mto reaction and in this way disturbing the
position of equilibrium; such substances are reactants in the ordinary
sense. It is to be noted that in the deﬁn%tions of catalysis there 1s no
reference to the fact that a small amount of a catalyst has a large
effect on the rate; this is freQuently the case, but is not an essential

characteristic of a catalyst.

Although by definition the amount of catalyst should be
unchanged at the end of the reaction, it does not follow that the
catalyst does mnot enter into chemical reaction as the reaction
proceeds. Mitscherlich was one of the earliests chemists to
recognize catalytic action which he called contact éct,ion. If the rate
of a chemical reaction 1s accelerated by time added substance, 1t 1s
sald to be a positive catalyst and when the added substance retards

the reaction 1t is called a negative catalyst. Therefore, a catalyst may
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be defined as a substance which influences the rate of a chemical
reaction without itself undergoing any paramount chemical

changell].

Progress il{ catalysis ‘was very poor during the nineteenth
century whether from the scientific or techn‘ical standpoints.
Discovery of new catalysts depended on lucky chances, when
Groebe broke a thermometer in a mixture of hot sulphuric acid and
naphthalene to phthalic anhydride. Also applicaﬁon of laboratory
discoveries in the field of industry was delayed by serious
difficulties. Fredric Kuhlman tried unsuccessfully to industrialize the
oxidation of sulphur dioxide and ammonia over divided platinum. -
The lack of knowledge of poisons was the reason for these

setbacks.

Catalysis has been made & true scientific discipline by the
chemical kinetic research which includes the precise study of
catalytic reactions and analysis of their mechanisms. This has really
got developed in the decade between 1920 and 1930. Since then,
several new catalytic transformations and synthesis are being
discovered with ever increasing rapidly. The synthesis of methanol

and its homologous, the synthesis of liquid fuels, petroleumn
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