Chapter 6.2- Factors Affecting Reaction Rate

· There are five basic factors that control the speed of a chemical reaction:

1. chemical nature of reactants

2. concentration of reactants

3. temperature 

4. presence of a catalyst

5. surface area

Chemical Nature of Reactants:

· The rate of reaction is determined by differences in chemical reactivity (controlled by the tendency toward bond formation)  -  i.e. some reactions are just naturally fast and others are slow.

Eg.  Na (loses electrons easily) reacts almost instantly when exposed to air of moisture

                        VS

Fe (does not lose electrons easily) reacts also (to form rust), but at a much slower rate.

· In homogeneous  (reactants in the same phase) chemical systems, such as reactions in aqueous solution, most reactions of monatomic ions are extremely fast.

· Reactions of molecular substances are often much slower due to the complexity of their bonds.

Concentration:

· In very simple terms, you can say that increasing the concentration of either or both of the reactants will increase the rate of the reaction because it will increase the frequency of collisions between the reacting species.  There will also be more effective collisions per second and thus a faster rate of reaction (also called the RATE LAW).
Temperature:

· In order for two molecules or ions to react together, they must first collide.

· If the collision takes place without sufficient kinetic energy of the colliding species, they will simply rebound off of one another and no reaction will have occurred.

· This is said to be an ineffective collision.

· The colliding reacting species must collide with sufficient kinetic energy to overcome the activation energy barrier (i.e. break the necessary chemical bonds to form the activated complex).

· Such a reaction will go on to form products and is said to be an effective collision.

           Consider the reaction 2 HI (  H2 (g)   +  I2 (g) 

· If the 2 HI(g) molecules do not collide with sufficient KE, they will not be able to form the activated complex H2I2.

· An activated complex is a very highly unstable transitory species between reactants and products.

· It is the highest point on the H vs rxn coordinate graph (PE energy diagram) 

· NO activated complex has ever been isolated but many have detected in reaction kinetic studies.

· The higher the temperature, the more molecules will have sufficient KE to overcome EA.

Catalyst:

· Catalysts are substances that can speed up a chemical reaction but remain unchanged at the end of the reaction.

· They are thought to work by lowering the activation energy, EA, for the reaction.

· This is done by providing an alternate reaction pathway with an overall lower EA or by providing the molecules with a more favourable collision geometry so that it takes less energy to form the activated complex and therefore the products.

Surface Area:

For heterogeneous reactions we must add a fifth factor.

· The greater the surface area of the reactants, the faster the reactions since there are more molecules of reactants able to collide per unit of time.

· The reaction occurs at the interface of two different phases present.

· The amount of exposed surface area, where the two reacting phases are in contact, affects the reaction rate.

· Powdered zinc reacts much faster than a piece of zinc in HCl (aq) to produce hydrogen gas and zinc chloride.

