CHAPTER 6.5:Explaining and Applying Chemical Kinetics

Theoretical Effect of Chemical Nature of Reactant:

· To explain why magnesium reacts quicker than nickel in hydrochloric acid, we need to consider factors such as the atomic structure of the reactants and the nature of their bonds, as well as the type of reaction occurring.

· Molecules around you are moving quickly and colliding with each other and others maybe moving slowly, but most are in some mid-range of kinetic energy.

· This distribution of KE is called a Maxwell-Boltzmann Distribution.

· Observe fig.2 page 392.

· Draw fig.2 in your notes.

· The chemical nature of reactants affects the threshold energy in 2 ways:

1. Some molecules have bonds that are relatively weak and small activation energy barriers, so the threshold energy is relatively low and a large fraction of molecules is capable of colliding effectively.

2. The collision geometry, where some reactions involve complicated molecular substances or complex ions that are often less reactive because more bonds have to be broken and the molecules have to collide in the correct orientation relative to each other for a reaction to occur.

Theoretical Effect of Concentration and Surface Area:

· A higher concentration of a reactant means a greater number of particles per unit volume, which are more likely to collide as they move randomly within a fixed space.

· If there are twice as many particles are present, there should be twice the probability of an effective collision.

· Therefore, for elementary reactions, the rate of reaction is generally directly proportional to the concentration of a reactant.

Surface Area:

· Only applies to heterogeneous reactions.

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

· Powdered zinc reacts much faster than a piece of zinc in hydrochloric acid.

· Only the zinc atoms on the outside of the piece of zinc can come into contact with the acid.

· If powdered zinc is used, many more Zn atoms collide with the acid molecules per second.

· Therefore, a faster rate.

Theoretical Effect of Temperature:

· Temperature affects both the collision frequency and the fraction of collisions that are effective.

· Increasing the temperature causes molecules to collide both more often and with more force on average, making individual collisions more likely to be effective.

· The concept of activation energy is a significant part of the explanation.

· For a given EA, a much larger fraction of molecules has the required KE at a higher temperature than at a lower temperature.

· Observe fig.5 page 394. 

· At T1 there are very few molecules with sufficient KE to overcome EA (the shaded are under the curve).

· At T2 there are many molecules with sufficient energy to overcome EA (all the shaded area to the right of the dotted line).

· The total area under the curve represents the total number of molecules.

· You can see that the shaded area under the T1 curve is much less than the shaded area under the T2 curve (T2 is at a higher temperature).

  Q10 Rule:      As a very rough rule, it is said that many reactions double their rate for each 10OC rise in temperature.  There are many exceptions to this.

Theoretical Effect of Catalysts:

Catalyst:  A substance that increases the rate of a chemical        reaction without being used up itself.

How a catalyst works:

· A catalyst works by lowering the activation energy of a reaction so that larger fraction of the reactants has sufficient energy to react.

· It lowers the activation energy by providing an alternate mechanism for the reaction.

NB.  The catalyst only lowers the activation energy of a reaction allowing it to occur faster, but ΔH is same.

· Catalysts are divided into two categories, depending on whether or not they are in the same phase as the reactants.

Homogeneous Catalysts:

· A homogeneous catalyst exists in the same phase as the reactants.  

· Homogeneous catalysts most often catalyze gaseous and aqueous reactions.

Eg.  Aqueous zinc chloride is used to catalyze the following

       reaction:

(CH3)2CHOH (aq)  HCl (aq)  (   (CH3)2CHCl (aq)   +   H2O (l) 

The reaction takes place in aqueous solution, and the catalyst is soluble in water.  Therefore, zinc chloride is a homogenous catalyst when it is used with this reaction.

Heterogeneous Catalysts:

· A heterogeneous catalyst exists in a phase that is different from the phase of the reaction it catalyzes.

· An important use of heterogeneous catalysts is the addition of hydrogen to an organic compound that contains C=C.

· This process is called hydrogenation.
         H2C = CH2 (g)   +   H2 (g)    (   H3C – CH3 (g) 

· Without a catalyst, the reaction is very slow.

· When a metal such as palladium or platinum catalyzes the reaction, however, the rate increases dramatically.

· The ethylene and hydrogen molecules form bonds with the metal surface.

· This weakens the bonds of the hydrogen and ethylene.

· The H-H bonds of the hydrogen molecules break, and the hydrogen atoms are somewhat stabilized because of their attraction to the metal.

· The hydrogen atoms react with the ethylene, forming ethane.

Inhibitors:

· A substance that reduces a ruction rate by preventing the reaction from occurring.

Eg.  Preservatives used in foods and medical preparations.

The Arrhenius Equation:

· The rate law equation describes quantitative rate dependence with respect to concentration of reactants- specifically, reactants that are involved in the rate determining step of the reaction mechanism.
· But how do we explain the large quantitative effect of temperature and catalysts?

· The rate constant, k, incorporates the quantitative effects of temperature, nature of reactant, and catalysts as describes by the Arrhenius equation:

· Do section 6.5 questions page 400 # 1, 2, 3

· Chapter 6 self-quiz page 407.

· Chapter 6 review page 408 – 409.

BE PREPARED FOR A UNIT TEST!!!!

