Mechanism & Rate Law determination

A mechanism describes the sequence of events that occur during the course of the reaction. It should also have some expression of rate (at least fast and slow). The sum of all the steps in a mechanism must result in the overall reaction. The overall mechanism must also be consistent with the rate law. If either of these criteria is not met, the mechanism is wrong.

A substance that is formed in one step of a mechanism and used up in a subsequent step is an intermediate. A substance that is used up in one step and reformed in a subsequent step is a catalyst. (Assuming the substance increases rate. It is an inhibitor if it decreases rate.) Activated complexes are something between the reactant and product of an elementary step. In an activated complex, bonds are only partially broken or formed. These do not appear in the mechanism.

Intermediates and catalysts will not appear in the overall reaction. Substances that do appear in the overall reaction are, of course, products (on the right of the arrow) or reactants (on the left of the arrow).

Example 1

Consider the following mechanism. Determine the overall reaction and identify reactants, products, intermediates, and catalysts.

CH3OH + H+ 
CH3OH2 [image: image1.png]


CH3 + H2O       (fast)

CH3COOH [image: image2.png]


H+ + CH3CO2–        (fast)
CH3CO2– + CH3 [image: image3.png]


CH3CO2CH3       (fast)

Solution:
To add the reactions together, list every substance on the reactant side and every substance on the product side.

CH3OH + H+ + CH3OH2 + CH3COOH + CH3CO2– + CH3 [image: image4.png]



                                         CH3OH2 + CH3 + H2O + H+ + CH3CO2– + CH3CO2CH3
Then cancel each substance that appears on both sides of the equation, to determine the overall reaction.

CH3OH + CH3COOH [image: image5.png]


H2O + CH3CO2CH3
Consequently, the reactants are CH3OH and CH3COOH. The products are H2O and CH3CO2CH3.

Intermediates are a product before they are a reactant. Intermediates are CH3OH2, CH3, and CH3CO2–.

Catalysts are used up, then reformed. H+ is a catalyst in this reaction.

The term molecularity describes each step of the mechanism in terms of the number of reactants. The assumption is that each elementary step is the result of a collision and that the molecularity describes the collision.

>> Example 2

Describe the molecularity of each step in the following mechanism.

CH3OH + H+ [image: image6.png]


CH3OH2       (slow)

CH3OH2 [image: image7.png]


CH3 + H2O       (fast)

CH3COOH [image: image8.png]


H+ + CH3CO2–        (fast)

CH3CO2– + CH3 [image: image9.png]


CH3CO2CH3       (fast)

Solution:
The first and last steps are bimolecular (two reactants). The two middle steps are unimolecular (one reactant).

 Rate Law

Rate is determined from the slowest step in the mechanism. For this reason the rate-determining step is the slowest step. 

The rate law is based on the slow step. Rate is proportional to the product of the concentration of reactants in the slow step. 

>> Example 3

What rate law is predicted by the following mechanism?

CH3OH + H+ [image: image10.png]


CH3OH2       (slow)

CH3OH2 [image: image11.png]


CH3 + H2O       (fast)

CH3COOH [image: image12.png]


H+ + CH3CO2–       (fast)

CH3CO2– + CH3 [image: image13.png]


CH3CO2CH3       (fast)

Solution:
The reactants are CH3OH and H+ in the slow step. Since rate is proportional to the concentration of those substances, the rate law for this mechanism is

rate = k[CH3OH][H+]

Note that it conforms to the general form of the rate law.

Example 5

Which mechanism corresponds to the reaction SO2 + H2O [image: image14.png]


H2SO3 if the rate law for the reaction is rate = k[H2O]?

a. H2O [image: image15.png]


H + OH        (slow)

SO2 + OH [image: image16.png]


HSO2       (fast)

HSO2 + H [image: image17.png]


H2SO3       (fast)

b. SO2 + H2O [image: image18.png]


HSO2 + OH       (slow)

OH + HSO2 [image: image19.png]


H2SO3       (fast)

c. H2O [image: image20.png]


H + OH        (slow)

H + SO2 [image: image21.png]


HSO2       (fast) 

HSO2 + OH [image: image22.png]


H2SO3       (fast)

d. H2O [image: image23.png]


H + OH       (slow) 

OH + SO2 [image: image24.png]


HSO2 + O       (fast) 

O + HSO2 [image: image25.png]


HSO3       (fast) 

HSO3 + H [image: image26.png]


H2 + SO3       (fast)

Solution:
The rate law is determined by the slow step, which is the first step for each of these proposed mechanisms. Therefore the rate law is easily written.

a. The proposed rate law is rate = k[H2O]. This is consistent with the experimental rate law, so this mechanism may be correct. 

b. The proposed rate law is rate = k[H2O][SO2]. This does not match the experimental rate law, so this mechanism is incorrect. 

c. The proposed rate law is rate = k[H2O]. This is consistent with the experimental rate law, so this mechanism may be correct. 

d. The proposed rate law is rate = k[H2O], but the overall reaction does not correspond to the experimental reaction. Therefore this mechanism is incorrect. 

Either mechanism a or c is correct. There is insufficient evidence to determine which. It is also possible that the correct mechanism is something completely different.

 
