CHAPTER 6.4:Collision Theory and Rate of Reaction

· The rate of reaction is proportional to the number of collisions that occur each second between the reactants.

· Reaction depends on:    1.  Proper Orientation

2. Activation Energy, EA
                 Rate = frequency of collisions X   fraction of collisions

                                                                     that are effective

1. Proper Orientation:

· Molecules must be oriented correctly for a reaction to occur.

2. Activation Energy, EA:

· Reactants must possess the minimum kinetic energy to give an effective collision (one that produces products).

· Need fast moving (large KE) molecules to collide with enough force to enable their nuclei and electrons to overcome repulsions.

· Thus bond breaking / forming occurs.

· At a higher temperature the total fraction of molecules that have the necessary EA is greater than it is at a lower temperature.

· Observe fig.1 page 383

· I.e. at a higher temperature a greater fraction of the total number of collisions that occur each second will result in a chemical change.

Transition state:

· Occurs at the peak of the PE diagram when the reactants have formed the activated complex.

· The transition state theory is used to explain what happens when molecules collide in a reaction.

· It examines the transition, or change, from reactants to products.

· The KE of the reactants is transferred to PE as the reactants collide, due to the law of conservation of energy.

               Activated Complex:
· The chemical species that exists with partly broken, partly formed bonds in the transition state.

· An unstable molecule with a particular geometry.

· It is unstable because it possesses the maximum potential energy possible.

· Review potential energy diagrams of endothermic and exothermic reactions.

Reaction Mechanisms:

· A balanced chemical equation tells us the number of moles of reactants and products are produced during a chemical reaction.

· However, it does not tell us how the reaction occurs.

· As a result of rate studies, we can predict the series of steps by which the reactants are transformed into products.

· Such a series of steps is called a reaction mechanism.
           The simplest chemical reaction occurs in a single step.

                 NO(g)  +  O3(g) (  NO2(g)  +  O2(g)  

· The term molecularity refers to the number of reactant particles (molecules, atoms or ions) that are involved in an elementary process.

· Single step reactions that occur on the collision of two molecules are called bimolecular reactions.
· Reactions that involve the decomposition or internal structural rearrangement of one single molecule constitute unimolecular reactions.
· Single step reactions that occur on the collision of three molecules are called termolecular reactions and are very rare.

· Many reactions proceed by a more complicated process involving 2 or more successive steps.

· Each step is called an elementary process.
·  Molecules (or atoms or ions) that are formed in an elementary reaction and consumed in a subsequent elementary reaction are called reaction intermediates.
Rate Law Equations for Elementary Processes:

· For an elementary reaction, the exponents in the rate law equation are the same as the stoichiometric coefficients for each reactant in the chemical equation.

Table: Elementary Reactions and Their Rate Laws:

	Elementary reaction
	Rate Law

	A ( products
	Rate = k[A]

	A + B ( products
	Rate = k[A][B]

	2 A ( products
	Rate = k[A]2

	2 A  +  B  (  products
	Rate = k[A]2[B]


NB: if all we know is the overall reaction, then the rate law has to be determined experimentally.

NOTE:

When chemists propose a mechanism, they must satisfy the following criteria:

1. The equation for the elementary steps must combine to give the equation for the overall reaction.

2. The proposed elementary steps must be reasonable.

3. The mechanism must support the experimentally determined rate law.

The Rate Determining Step:

· Also referred to as the Rate Limiting Step

· The slowest step of a multi-step process.

· The reaction can go only as fast as the slowest step in the process.

The Rate Determining Step and The Rate Law:

· The rate law of the rate-determining step is the same as the rate law for the overall reaction.

· Never assume the overall equation (rxn) represents an elementary process, even if only two reactant molecules appear in the balanced chemical equation. 

Questions page 391  # 1, 2, 3

