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Kinetics

The value of the rate constant will be different for different reactions. Consider the reaction of HCI
and a water molecule discussed in the last section. Even with the same concentrations, the almost
identical reaction where hydrogen is replaced by deuterium will proceed at a different rate (Chapter
19). To understand this we need to think again about what needs to happen for a reaction to occur. It
is not enough for the two species to simply collide. We know that for this reaction to work the proton
must come into contact with the oxygen atom in the water molecule, not the hydrogen atoms, that is,
there is some sort of steric requirement. We have also seen that most reactions need to overcome an
energy barrier. In other words, it is not enough for the two species just to collide for a reaction to
proceed, they must collide in the right way and with enough force.
You can see now how the overall rate equation for our example reaction

rate of reaction = k x [HCI] x[H50]

contains all the points needed to work out how fast the reaction will proceed. The most important
point concerns the concentrations of the reacting species—which are expressed directly in the rate
equation. Other considerations, such as how large the species are or whether or not they collide in
the right way with the right energy, are contained in the rate constant, k. Notice once again that not
only is k different for different reactions (for all of the above reasons), but that it also varies with tem-
perature. It is essential when quoting a rate constant that the temperature is also quoted. That part of
chemistry that deals with reaction rates rather than equilibria is known as kinetics.

Activation barriers
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Kinetics gives us an insight into the mechanism of a reaction

Now for some of the reactions you have seen in the last few chapters. Starting with carbonyl substitu-
tion reactions, the first example is the conversion of acid chlorides into esters. The simplest mecha-
nism to understand is that involved when the anion of an alcohol (a metal alkoxide RO™) reacts with
an acid chloride. The kinetics are bimolecular: rate = k[MeCOCI][RO™]. The mechanism is the simple
addition elimination process with a tetrahedral intermediate.
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