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Integrated Rate Law
2 types of rate laws

The differential rate law (what we 
have already done, often called simply 
the rate law) shows how the rate of 
reaction depends on concentration.
The integrated rate law shows how 
the concentrations of species in the 
reaction depend on time.

Once you have either the differential 
rate law or the integrated rate law, you 
easily convert to the other.
 Whichever type is easiest to find 
usually dictates which type of rate law 
is determined experimentally.

Rate Law

A first-order reaction (n the exponent 
is 1) means that as the concentration 
doubles, the rate also doubles, etc.
Differential Rate law Equation:
Rate = k [A]1

The integrated rate laws is looking at 
how the concentration changes with 
time.

 Rate = k[A]

 Integrated rate law:

ln[A]t - ln[A]o = –kt

ln is the natural log, it is reversed by raising the 
expression to e

[A]t = concentration of A at time t

k = rate constant

t = time

[A]o = initial concentration of A

First-Order Rate Law

 Important things to note from the previous 
equation.

 The equation shows how the concentration of 
A depends on time.  

 If the initial concentration of A and the rate 
constant k are known, the concentration of A 
at any time can be calculated.

Plot of ln[N2O5] vs. Time First Order Reaction

Thus, for a first-order reaction, 
plotting the natural logarithm of 
concentration vs. time always gives a 
straight line.  
This is used to test whether a 
reaction is first order or not. 

This integrated rate law for a first-
order reaction also can be expressed in 
terms of a ratio of [A] and [A]o as 
follows:
ln[A] = -kt +ln[A]o

 kt = ln[A]o - ln[A] 
 kt = ln ([A]o/[A])
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Decomposition of N2O5

The following data shows the 
concentration of over N2O5 time
 2N2O5(g)  4NO2(g)  +  O2(g)

[N2O5] (mol/L) Time (s)
0.1000 0.00 
0.0707 50.00 
0.0500 100.00 
0.0250 200.00 
0.0125 300.00 
0.00625 400.00 

[N2O5] over time
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Problem

Using this data, verify that the rate 
law is first order in [N2O5], and 
calculate the value of the rate 
constant.

Answer

 You verify it is a first order rate law by 
graphing.  If the graph of the ln[A] v t is a 
straight line then it is first order.

slope

 The slope of this line is –k.

 Slope is rise over run or the change in y value, 
ln [N2O5], over the change in x value, time.

 You can choose any 2 points on a straight line 
since the slope will not change.

 I will arbitrarily chose the first and last points

 Slope = -5.075- (-2.303) = -.00693s-1

 400-0s

 Slope = -k    so    k = 0.00693s-1

First Order Rate Laws

Using the data in the previous 
example, calculate [N2O5] at 150 s
after the start of the reaction.
k = 0.00693s-1 [N2O5] (mol/L) Time (s)

0.1000 0.00 
0.0707 50.00 
0.0500 100.00 
0.0250 200.00 
0.0125 300.00 
0.00625 400.00 

Answer

 ln[N2O5] = -kt +ln[N2O5]o

 k = 0.00693
 t = 150 s
 [N2O5]o = .100 M   ln[N2O5]o= -2.303
 ln[N2O5] = -(.00693)150+ -2.303
 ln[N2O5] = -3.3425
 [N2O5] = e-3.3425

 [N2O5] = .035 M

Half life of a first order reaction

The time required for a reactant to 
reach half its original concentration is 
called the half-life of a reactant.
Equation

k = rate constant

Half–life does not depend on the 
concentration of reactants.

1
2

0.693
 = t

k

Problem

A certain first-order reaction has a 
half-life of 20.0 minutes.
a. Calculate the rate constant for this 
reaction.
b. How much time is required for this 
reaction to be 75% complete?
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Second Order Rate Laws

n = 2
If the concentration doubles, the rate 
quadruples.
Rate = k[A]2

A plot of 1/[A] vs. t will produce a 
straight line with a slope equal to k.
[A] depends on time and can be used 
to calculate [A] at any time t, provided 
k and [A]o are known.

 Rate = k[A]2

 Integrated:

 − = 𝑘𝑡

[A]t = concentration of A at time t

k = rate constant

t = time

[A]o = initial concentration of A

Second-Order
 Half–Life:

k = rate constant

[A]o = initial concentration of A

 Half–life gets longer as the reaction progresses and 
the concentration of reactants decrease.

 Each successive half–life is double the preceding 
one.

Second-Order

 1
2

0

1
 = 

A
t

k

Butadiene reacts to form its dimer 
(when two identical molecules combine, 
the resulting molecule is called a dimer) 
according to the equation
 2C4H6(g)   C8H12(g)
 The following data were collected for 
this reaction at a constant 
temperature.

 Is this reaction first order or 
second order?

 What is the value of the rate 
constant for the reaction?

 What is the half-life for the 
reaction under these 
conditions?

[C4H6] (mol/L) Time (+/- 1 s)
0.01000 0 
0.00625 1000 

0.00476 1800 
0.00370 2800 

0.00313 3600 
0.00270 4400 

0.00241 5200 
0.00208 6200 

Plot of ln[C4H6] vs Time and 
Plot of 1/[C4H6] vs Time 

Exercise

For a reaction aA  Products, 
[A]0 = 5.0 M, and the first two half-lives are 25 and 
50 minutes, respectively.

a) Write the rate law for this reaction.

rate = k[A]2

b) Calculate k.

k = 8.0 x 10-3 M–1min–1

c) Calculate [A] at t = 525 minutes.

[A] = 0.23 M

Zero order rate laws

n=0
Rate = k[A]0

Therefore Rate = k

Regardless of what the concentration 
does, the rate is constant (does not 
change).

 Rate = k[A]0 = k

 Integrated:

[A]t - [A]o = – kt

[A]t = concentration of A at time t

k = rate constant

t = time

[A]o = initial concentration of A

Zero-Order
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Plot of [A] vs Time

29

 Half–Life:

k = rate constant

[A]o = initial concentration of A

 Half–life gets shorter as the reaction progresses and 
the concentration of reactants decrease.

Zero-Order
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Concept Check

How can you tell the difference among 0th, 1st, and 
2nd order rate laws from their graphs?

For the zero-order reaction, the graph of 
concentration versus time is a straight line with a 
negative slope. For a first-order graph, the graph is a 
natural log function. The second-order graph looks 
similar to the first-order, but with a greater initial 
slope. Students should be able to write a conceptual 
explanation of how the half-life is dependent on 
concentration (or in the case of first-order reactions, 
not dependent).

Summary of the Rate Laws Equation sheet of the AP test

 On the current equations sheet, they give you 
zero, first and second order integrated rate law, 
and first order half life equation.  Although they 
are not labeled.

Graphs (all v time)

[A]           ln[A]            1/[A]

 Zero order

 First order

 Second order

Exercise

Consider the reaction aA Products. 
[A]0 = 5.0 M and k = 1.0 x 10–2 (assume the units are 
appropriate for each case). Calculate [A] after 30.0 
seconds have passed, assuming the reaction is:

a) Zero order

b) First order

c) Second order

4.7 M

3.7 M

2.0 M


