COLLISION THEORY AND RATES OF REACTION

Through experimental observations a rate can be determined. What happens to the rate when various changes are to it, for example: concentration, temperature, surface area and catalysts?  These factors do have the ability to alter the rate of a reaction.

Recall:  Molecules held together by chemical bonds.

The collision theory explains the reaction rates with respect to the fact that reacting particles (atoms, molecules, or ions) must collide with one another.  In order for a reaction to occur, there is a need for an effective collision.  An effective collision is one in which all the conditions are met such that products are formed from the reactants.  There are two criteria that need to be fulfilled in order for an effective collision to occur, these are:

1. Correct orientation of reactant (collision geometry)

2. Sufficient collision energy

Therefore, in order for a reaction to occur, the reacting molecules must be facing the direction for appropriate impact and the molecules colliding must have a certain energy to cause the bonds to break.  This minimum energy required by reactant particles was described by Svante Arrhenius in 1889 as ACTIVATION ENERGY (Ea).

Rate ( frequency of collision x fractions of collisions (% Ea barrier) x correct orientation 



So how much activation energy is really needed?

The magnitude of activation energy requirement depends upon the nature of the reactant (the kinds of chemical bonds that must be broken in the reactant if the reaction is to proceed).  Therefore, each particular reaction will have its own particular set of activation energy for the reactants involved.   Changes in concentration, temperature and surface area will not have an affect on the activation energy, this will remain the same.  However, the frequency of collisions will be affected (alters number of particles which will have enough energy to collide effectively for a reaction).

Let’s consider the effect on temperature on collisions of molecules…shall we!

Maxwell-Boltzman Distribution


Some important things to remember about collision theory:

1.  Particles are always moving in random motion at various speeds.

2. A chemical reaction must involve collisions between particles or with the walls of a container.

3. An effective collision is essential to make products.

4. Ineffective collisions return to their original state (reactants) due to the lack of correct orientation or lack of energy to overcome activation energy barrier.

5. The rate of a given reaction depends on the frequency of collisions and the fraction of those collisions that are effective. 

Energy Profiles:  The basics

At the transition state (top of the activation energy barriers) an activated complex exists.  This activated complex is unstable molecule with a particular geometry, this is because the species possess maximum potential energy at this stage.  Therefore, there can be two fates following the activated complex stage.  One is that the activated complex may return to reactants or continue to form product molecules.

Transition state theory:  used to explain what happens when molecules collide in a reaction.

Potential Energy diagram for an Exothermic Reaction:


Potential energy diagram for an Endothermic Reaction:


Activation Energy and temperature







Notes:

Activation Energy and Catalysts

Catalysts: a substance that speeds up a reaction, but is chemically unchanged at the end of the reaction.  When the reaction is finished, you would have exactly the same mass of catalyst as you at the beginning.

Examples of catalysts:

· MnO2, concentrated sulfuric acid, Iron, Nickel, and Platinum.

Catalysts provide an alternative pathway for the reaction to happen with lower activation energy.  By doing this, there will be an increase in the number of successful collisions.





Notes:

Catalysts and the Energy Profile



