The Rate Law

· The rate of reaction depends on the concentration of reactants

· However, a more specific relationship exists

· Rate ( [A]m[B]n
Rate Law Exponents (m and n)

· Determined experimentally

· Usually 1 or 2 (not always)

· Do not correspond with coefficients

Rate Law Equation

· Expresses the relationship between the concentration of reactants and the rate of the reaction

· A rate constant must be used (k) 

Rate = k[A]m[B]n
Rate Constant (k)

· Dependant on temperature

· Large k = fast reaction

· Small k = slow reaction

Overall Reaction Order
· The sum of m + n = overall reaction order

· Determined experimentally 

First-Order Reactions

· Overall order = 1

· 2N2O5 ( 4NO + 5O2

Rate = k [N2O5]1
· Reactions with more than 1 reactant can be first-order

· (CH3)3CBr + H20 ( (CH3)3OH + H+ + Br-
Rate = k [(CH3)3CBr]1 [H20]0
· Rate is directly proportional to [reactants]

· If concentration doubles, the rate doubles

Second-Order Reactions

· Overall order = 2

· 2HI ( H2 + I2
· Rate = k [HI]2
· Other Reaction Orders

· Overall Order = 0

· Rate is constant 

The Rate Law Exponents must be determined experimentally

Initial Rates Method

The rate of the reaction is measured at the beginning of the reaction. The initial concentration of only one reactant is then changed, while the other initial concentrations are kept constant, and the rate is measured again. The procedure if repeated for each reactant.

An example of a Rate Study in order to Experimentally Determine a Reaction Order

2NO + 2H2 ( N2 + H2O

Trial
[NO]
[H2]
Rate (mol / L(s)

1
0.001
0.004
0.002

2
0.002
0.004
0.008

3
0.003
0.004
0.018

4
0.004
0.001
0.008

5
0.004
0.002
0.016

6
0.004
0.003
0.024

Determining the Rate Constant

Once you know the rate exponents, you can substitute and rearrange the equation to solve for k.

Rate = k [NO]2 [H2]1


0.002 mol / L(s = k (0.001 mol/L)2 (0.004 mol / L)


k =          0.002 mol / L(s

   
(0.001 mol/L)2 (0.004 mol / L)

k = 
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Half-Life Reactions

The time needed for the reactant mass or concentration of decrease by one half of its initial value.

t½ =   0.693


, for a 1st order reaction


     k
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