CHAPTER 6.3: Rate Laws and Order of Reaction

· The rate of a chemical reaction depends on several factors.

· One of the factors that affect reaction rate is the concentration of the reactants.

· You know that the rates of most chemical reactions increase when the concentrations of the reactants increase.

                Consider the general reaction below:

                              aA    +   bB  (  products

· This reaction occurs at a constant temperature.

· The reactant formulas are represented by A and B.

· The stoichiometric coefficients are represented by a and b.

· In general, the rate of a reaction increases when the concentrations of the reactants increase.

· The  dependence of the rate of a reaction on the concentrations of the reactants is given by the following relationship:

                            Rate     [A]m[B]n

· This relationship can be expressed in a general equation called the rate law equation.
                 Rate  =   k[A]m[B]n

· Note that m and n, the exponents that describe the relationship between rate and initial concentration, can only be determined empirically.

· They can have any real number value, including fractions or zero, and do not have to equal the coefficients (a and b) in the balanced equation.

· In the rate law equation, k, is the rate constant and is determined empirically which is specific for a reaction at a specific temperature.

     Eg.               2 NO2   +    F2  ( 2 NO2F

             The rate equation for this reaction is:

                        Rate = k[NO2]1[F2]1   

Note: the exponents do not have to be the same as the coefficients in the balanced equation.  In this reaction, the rate depends equally on the initial concentrations of each reactant (m=1 and n=1), despite the fact their reaction coefficients are different.

· The values of the exponents in the rate law equation establish the order of the reaction.

                 i.e.  the order of reaction with respect to NO2 is 1.

                        This reaction is said to be first order.

· The sum of the exponents (m + n) is known as the overall order of reaction.
The Rate Constant:

· The magnitude of the rate constant, k, indicates the speed of a reaction.

· A small rate constant indicates a slow reaction and a large rate constant indicates a fast reaction.

    i.e.   A first-order reaction with a rate constant of 102 s-1 will be essentially complete in less than 0.10 s.  By contrast, a first-order reaction with a rate constant of 10-3 s-1 will take about 3 hours.

· As a reaction proceeds, the reaction rate decreases because the concentrations of the reactants decrease.

· The value of the rate constant, however, remains the same throughout the reaction.

· In other words, for a given reaction under constant conditions, the value of k remains constant.

· What happens if the temperature changes?

· Since the rate of a chemical reaction depends on temperature, so does k.

· The temperature of the reacting system must always be indicated when stipulating k.

The Initial Rates Method:

· Remember that the exponents of a rate equation must be determined experimentally.

· Chemists determine the values of m and n by carrying out a series of experiments.

· Each experiment has a different, known set of initial concentrations.

· All other factors, such as temperature, remain constant.

· Thus this method is called the initial rates method.
Problem:       For the following reaction:      A  +   B  (  products

                    Determine the rate law equation, the overall order of reaction and the rate constant.

  Solution:           Rate= k [A]m[B]n
   Given Data               [A]               [B]                Initial Rate of 

                                                                            Formation of

                                                                            Products 

                                                                            (mol/Ls)

         1                        0.10               0.10                   0.20

         2                       0.20               0.10                   0.40

         3                       0.30               0.10                   0.60

         4                       0.30               0.20                   2.40

         5                       0.30               0.30                   5.40 

CONCENTRATION AND TIME

· Computing the concentration of a reactant in a system at any particular time.

For first-order reactions:

· For reactant A,   rate = k[A]

Therefore, concentration of A related to time is 

2.303 log10 [A]0 / [A]t  =  kt

[A]0  - initial concentration of A

[A]t   - concentration of A after t seconds

 t       - time (seconds)

 k       - rate constant

For second-order reactions:

· For reactant B, rate = k [B]2 
          Concentration of B related to time is:

                   1/ [B]t    -   1/ [B]0   =   kt 

Read page 378  :   Relating Reaction Rate to Time

            Draw the following figures representing the rates.

Chemical Kinetics and Half-Life

· The rate of reaction of many reactions is a first-order process.

· Such first-order reactions may occur in both chemical and nuclear changes.

· For example, nuclear decay- the change that occurs as a radioactive isotope breaks down into smaller isotopes- is a first-order process.

· The half-life, t1/2, of a reaction is the time that is needed for the reactant mass or concentration to decrease by one-half of its initial value.

· The SI units for half-life are seconds.

· Knowing the half-life of a reaction is an easy way to tell how fast or how slow a reaction is.

· The half-life of any first-order reaction is        

                       t1/2  =  0.693

                                  ----------

                                         k

