Reaction Mechanisms
 A reaction mechanism is a series of elementary steps (theoretical) that add up to give an overall (net) reaction. The following points must be satisfied:

1. Each step in the mechanism is called an “elementary” process.

· formation of different molecules or ions (reaction intermediates)

· change in energy

· change in geometry

· It cannot be broken down into simpler steps

Example



2NO  + O2 ( 2NO2

Step (1)

2NO  ( N2O2
Step (2)

N2O2 + O2 ( 2NO2
Overall Equation:

2. Reaction Intermediates:

3. Each elementary process occurs mainly as a 2 particle collision (bimolecular). But also possible are unimolecular and termolecular collisions.

4. The rate-determining step is the slowest elementary process.

5. If a catalyst is involved, it must be regenerated by the final step.

Nitrogen monoxide reacts with hydrogen gas to produce nitrogen gas and water vapour. The mechanism is believed to be :

(2)  
(1) 
2NO  ( N2O2
(3) N2O2  + H2 ( N2O + H2O

(4) N2O + H2 ( N2 + H2O

For this reaction find the: 

a) overall equation

b) any reaction intermediates

Rate Determining Step and Rate Laws
1. The exponents in the rate law equation for an elementary step are equal to the coefficients. (table 6.3)

2. The rate-determining step determines the overall rate of the reaction.

1. For a proposed mechanism to be accepted, 3 criteria must be satisfied:

2. the elementary steps must combine to give the overall

3. the elementary steps must be reasonable

4. the mechanism must support the experimentally determined rate law

Sample Problem

Overall Equation:
2NO + H2 ( N2 + 2H2O


Rate = k[NO]2[H2]

Proposed mechanism:


2NO + H2 ( N2O+ H2O 
(slow)
rate1 = 


N2O + H2 ( N2 + H2O
(fast)
rate2 =

Is the proposed mechanism possible?

Practice Problems (page 301 #17-20)

17. 

Catalysts

· a substance that increases the rate of a chemical reaction without being consumed by the reaction

· lowers the Ea so that a larger fraction of the reactants have sufficient energy to react

· this is done by providing an alternative mechanism for the reaction

BLM 6-4 / fig. 6.18 

· Section Review (page 309) #6, 7, 8a), 9

· Explain the difference between a homogenous and a heterogeneous catalyst.

· Define enzyme

· Explain how the lock and key model is used to explain enzymes.

· Section Review # 1, 2, 3, 4, 8b)
