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12.2: Concentration Profiles for Some Simple Mechanisms
To illustrate how mechanisms may affect the concentration profile for a reaction, we can examine some simple mechanisms

 

In this type of reaction, one substance is simply converting into another. An example of this type of reaction might be the
isomerization of methylisocyanide to form acetonitrile (methylcyanide) (Redmon, Purvis, & Bartlett, 1978). If the reaction
mechanism consists of a single unimolecular step, which is characterized by the rate constant :

then rate of change of the concentrations of  and  may be written

and

A plot the concentrations as a function of time would look as follows:

It can be easily seen that the concentration of the reactant (A) decreases as time moves forward, and that of the product (B)
increases. This will continue until reactant A is depleted.

 

When the system can establish equilibrium, the rate of change of the concentration of A and B will depend on both the forward and
reverse reactions. If k  is the rate constant that characterizes the forward reaction

and k  that which characterizes the reverse

the the rate of change on concentrations of A and B can be expressed

and

The concentration profile for this situation looks as follows:
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This profile is characterized by the fact that after a certain amount of time, the system achieves equilibrium and the concentrations
stop changing (even though the forward and reverse reactions are still taking place. This is the nature of a dynamic equilibrium
about which we speak off of the time in chemistry. The final concentrations of [A] and [B] once equilibrium is established will
depend on the ratio of k  and k

Since the rate of formation of  (from the reverse step) is equal to the rate of consumption of  (from the forward step, the overall
rate of change of the concentration of A is zero once equilibrium has been established. So it should be clear that

or

and the ratio o f  to  gives the value of the equilibrium constant!

 
Some reactions require a catalyst to mediate the conversion of reactants in to products. The definition of a catalyst is a species that
must be added (it is not formed as an intermediate) shows up in the mechanism (usually in a very early step) and this ends up as
part of the rate law, but is reformed later on so that it does not appear in the overall stoichiometry. If the reaction

is aided by a catalyst , then one possible (single-step) reaction mechanism might be

In this case,  is acting as a catalyst to the reaction. The rate of change of the concentrations can be found by
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This is a very simplified picture of a catalyzed reaction. Generally a catalyzed reaction will require at least two steps:

Later, we will see how the steady-state approximation actually predicts the above depicted concentration profile for the two-step
mechanism when  is a short-lived species that can be treated as having a constant and small concentration.

 

Another important (and very common) mechanistic feature is the formation of an intermediate. This is a species that is formed in at
least one of the mechanism step, but does not appear in the overall stoichiometry for the reaction. This is different from a catalyst
which must be added to speed the reaction. A simple example of a reaction mechanism involving the formation of a catalyst is

In this case,  cannot form until an appreciable concentration of the intermediate  has been created by the first step of the
mechanism.

The rate of change of the concentrations of , , and  can be expressed

The concentration profile is then shown below. Notice the delay in the formation of .
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In many cases, the formation of an intermediate involves a reversible step. This step is sometimes referred to as a pre-equilibrium
step since it oftentimes will establish a near equilibrium while the reaction progresses. The result of combining a pre-equilibrium
with an intermediate produces a profile that shows features of both of the simpler mechanisms. An example of such a mechanism is

In this case, the rate of change for the concentrations of , , and  can be expressed by

The concentration profile for this mechanism is shown below. Again, notice the delay in the production of the product , due to the
requirement that the concentration of B be sufficiently high to allow the second step to occur with an appreciable rate.

 and  

There are many cases where a reactant can follow pathways to different products (or sometimes even the same products!), and
those pathways compete with one another. An example is the following simple mechanism:
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In this case, the rate of change on concentrations can be expressed as

Overall, the profile looks like two first order decompositions occurring at the same time, with the final concentration of the product
formed with the larger rate constant being favored.

One of the goals of studying chemical kinetics is to understand how to alter reaction condition to favor the production of desirable
reaction products. This can be accomplished by a number of means, such as alteration of concentrations, temperature, addition of
catalysts, etc. Understanding the basics will (hopefully) lead to a better understanding of how concentration profiles can be altered
by changing conditions.

This page titled 12.2: Concentration Profiles for Some Simple Mechanisms is shared under a CC BY-NC-SA 4.0 license and was authored,
remixed, and/or curated by Patrick Fleming.
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