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Collision and Transition State Theory 

Chemical kinetics is the study of the rates of chemical reactions or how fast reactions occur. The 

primary requirement for a reaction to occur is that the reactant particles (atoms or molecules) 

must collide and interact with each other in some way.  

 

Collision theory states that the rate of a chemical reaction is proportional to the number of 

collisions between reactant molecules. The more often reactant molecules collide, the more often 

they react with one another, and the faster the reaction rate. In reality, only a small fraction of the 

collisions are effective collisions. Effective collisions are those that result in a chemical reaction.  

The larger the sample, the greater is the number of effective collisions, and the faster the rate of 

reaction. In order to produce an effective collision, reactant particles must possess some 

minimum amount of energy used to initiate the reaction, is called the activation energy. For 

every sample of reactant particles there will be some that possess this amount of energy. The 

number of particles possessing enough energy is dependent on the temperature of the reactants. 

If reactant particles do not possess the required activation energy when they collide, they bounce 

off each other without reacting. Some chemical reactions also require that the reactant particles 

be in a particular orientation to produce an effective collision. Unless the reactant particles 

possess this orientation when they collide, the collision will not be an effective one.  

To summarize, the requirements for an effective collision (for a chemical reaction to occur):  

1.  The reactants must collide with each other.  

2.  The molecules must have sufficient energy to initiate the reaction (called 

activation energy).  

3.  The molecules must have the proper orientation.  

Collision theory basically states that reactants need to do two things for a reaction to occur. 

 They need to slam into one another with sufficient force 

 They also need to be at the correct angle 

One of the things that collision theory helps to explain is why increasing temperatures result 

in an increase in reaction rates. Collision frequency increases with increasing temperature 

because atoms and molecules move more rapidly at higher temperatures. Temperature also 

increases the energy of collisions, which increases the value of f, frequency of collision.  

Transition-state theory, also called activated-complex theory, or theory of absolute reaction 

rates, a treatment of chemical reactions and other processes that regards them as proceeding by a 

continuous change in the relative positions and potential energies of the constituent atoms and 

https://www.britannica.com/science/chemical-reaction
https://www.britannica.com/science/potential-energy
https://www.britannica.com/science/energy
https://www.merriam-webster.com/dictionary/constituent
https://www.britannica.com/science/atom
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molecules. On the reaction path between the initial and final arrangements of atoms or 

molecules, there exists an intermediate configuration at which the potential energy has a 

maximum value known as the activated complex, and its state is referred to as the transition 

state. The difference between the energies of the transition and the initial states is closely related 

to the experimental activation energy for the reaction; it represents the minimum energy that a 

reacting or flowing system must acquire for the transformation to take place. The rate at which 

the final state is attained is determined by the number of activated complexes formed and the 

frequency with which they go over to the final state.  

  

Transition-state theory goes hand-in-hand with collision theory. Transition-state theory states 

that a reaction follows a distinct reaction path that involves bonds being formed and being 

broken simultaneously. Bond breaking and formation require energy, which is the reason that 

reactions have activation energy to overcome. Activation energy is the minimum amount of 

energy needed for a reaction to occur. 

 

Activated complex is an odd hybrid thing that is formed which is neither reactants nor products. 

As two reactants come closer and closer together, the atoms in each molecule start to move in 

response. Bonds between the reactants may start to break and new product bonds may start to 

form. Activated complexes are highly unstable and are not observed because they are unstable. 

The activated complex is the point in a reaction where its potential energy is highest.  

Determining Rate Law and Reaction Orders 

In order to determine a rate law we need to find the values of the exponents’ n, m, and p, and the 

value of the rate constant, k. If we are given the reaction orders for a reaction, we have the values 

of the coefficients we need to write the rate law. For example, if we are told that a reaction is 

second order in A we know that n is equal to 2 in the rate law. 

 
 

 

https://www.britannica.com/science/molecule
https://www.britannica.com/science/activation-energy
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Determining Exponents for a Rate Law from Initial Rates (Experimental Data) 

If we are given data from two or more experiments at the same temperature with different 

concentrations of reactants and different rates we can determine the exponents in the differential 

rate law for the reaction as follows: 

1. Write the rate law with the concentrations of all species for which data is given. Write the 

coefficients as unknowns: n, m, etc. For example, we might have an equation such as the 

following: 

 
2. Take ratios of the experimental data that give different rates. 

 
3. Cancel common terms and solve for the exponent that does not cancel. 

Example 

If we have the following experimental initial rate data for the reaction 

 
experiment [A], M [B], M rate = -d[A]/dt, M h

-1
 

1 0.50 0.50 1.2 

2 1.0 0.50 4.8 

3 2.0 1.0 38.4 

We can write ratios for the data from experiments 1 and 2 

 
Using the data from experiments 1 and 2, we see that the k's cancel as do the 

concentrations of species B. 

 
Solving this equation for n yields n = 2. 

Now we use the known value of n and data from experiments 1 and 3 or from 

experiments 2 and 3 and solve for m. Here we use experiments 1 and 3: 

 
When we substitute the data we get: 

 
Solution of this equation gives m = 1 and the rate law can be written: 
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Rate Laws from Graphs of Concentration versus Time 

(Integrated Rate Laws) 

In order to determine the rate law for a reaction from a set of data consisting of concentration (or 

the values of some function of concentration) versus time, make three graphs. 

 [A] versus t (linear for a zero order reaction) 

 ln [A] versus t (linear for a 1
st
 order reaction) 

 1 / [A] versus t (linear for a 2
nd

 order reaction) 

The graph that is linear indicates the order of the reaction with respect to A. Then, you can 

choose the correct rate equation: For a zero order reaction, rate = k    (k = - slope of line)  

                                                     For a 1
st
 order reaction, rate = k[A]    (k = - slope of line)  

                                                     For a 2
nd

 order reaction, rate = k[A]
2
    (k =  slope of line)  

                                                     For a 3
rd

 order reaction, rate = k[A]
3 
  (k =  slope of line) 

Examples   

For a zero order reaction, as shown in the following figure, the plot of [A] versus time is a 

straight line with k = - slope of the line. Other graphs are curved for a zero order reaction. 

 

For a first order reaction, as shown in the following figure, the plot of the ln of [A] versus time 

is a straight line with k = - slope of the line. Other graphs are curved for a first order reaction. 
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For a second order reaction, as shown in the following figure, the plot of 1/[A] versus time is a 

straight line with k = slope of the line. Other graphs are curved for a second order reaction. 

 
The rate law for a chemical reaction relates the reaction rate with the concentrations or partial 

pressures of the reactants. 

Differential and Integral Rate Laws 

Measuring instantaneous rates is the most direct way of determining the rate law of a reaction, 

but it is not always convenient, and it may not be possible to do so with precision. 

 If the reaction is very fast, its rate may change more rapidly than the time required to 

measure it; the reaction may be finished before even an initial rate can be observed. 

 In the case of very slow reactions, observable changes in concentrations occur so slowly 

that the observation of a truly "instantaneous" rate becomes impractical. 

The ordinary rate law or differential rate law shows how the rate of a reaction depends on the 

concentrations of the reactants. However, for many practical purposes, it is more important to 

know how the concentrations of reactants (and products) change with time.  

For nearly all forward, irreversible reactions, the rate is proportional to the product of the 

concentrations of only the reactants, each raised to an exponent.  
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For the general reaction:       aA + bB → cC + dD 

The rate is proportional to [A]m[B]n
 

                         Rate = k [A]m[B]n
, where k is the rate constant, m and n are the order of 

reaction with respect to reactant concentrations A and B respectively. 

The dependence of the rate of reaction on the reactant concentrations can often be expressed as a 

direct proportionality, in which the concentrations may be raised to be the zeroth, first, or second 

power. The exponent is known as the order of the reaction with respect to that substance. In the 

reaction above, the overall order of reaction is given by the following: 

Order = m + n 

The order of the chemical equation can only be determined experimentally, i.e., m and n 

cannot be determined from a balanced chemical equation alone (e.g., Equation 11). The overall 

order of a reaction is the sum of the orders with respect to the sum of the exponents (Equation 

13). Furthermore, the order of a reaction is stated with respect to a named substance in the 

reaction. The exponents in the rate law are not equal to the stoichiometric coefficients unless the 

reaction actually occurs via a single step mechanism. In general, the rate law can calculate the 

rate of reaction from known concentrations for reactants and derive an equation that expresses a 

reactant as a function of time. 

The proportionality factor k, called the rate constant, is a constant at a fixed temperature; 

nonetheless, the rate constant varies with temperature. There are dimensions to k and that be 

determined with simple dimensional analysis of the particular rate law. The higher the k value, 

the faster the reaction proceeds. 

Experimental Determination of Rate Law 
The values of k, m, and n in the rate law equation must be determined experimentally for a given 

reaction at a given temperature. The rate is usually measured as a function of the initial 

concentrations of the reactants, A and B 

Example 1 

Given the data below, find the rate law for the following reaction at 300 K and the corresponding 

rate constant. 

A + B→ C + D 

Trial [A]initial (M) [B]initial (M) rinitial (M/sec) 

1 1 1 2 

2 1 2 8.1 

3 2 2 15.9 

SOLUTION 
First, look for two trials in which the concentrations of all but one of the substances are held 

constant.  

a. In trials 1 and 2, the concentration of A is kept constant while the concentration of B is 

doubled. The rate increases by a factor of approximately 4. Write down the rate 

expression of the two trials. 

 Trial 1: r1 = k[A]
x
[B]

y
 = k(1.00)

x
(1.00)

y
 

 Trial 2: r2 = k[A]
x
[B]

y
 = k(1.00)

x
(2.00)

y
 

Divide the second equation by the first, which yields:  

4= (2.00)y 

y=2 
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b. In trials 2 and 3, the concentration of B is kept constant while the concentration of A is 

doubled; the rate is increased by a factor of approximately 2. The rate expressions of the 

two trials are as follows: 

 Trial 2: r2 = k[A]
x
[B]

y
 = k(1.00)

x
(2.00)

y
 

 Trial 3: r3 = k[A]
x
[B]

y
 = k(2.00)

x
(1.00)

y
 

Divide the second equation by the third which yields: 

2=(2.00)x 

x=1 

Therefore, the rate law is 

r=2.0[A][B]2 

The order of the reaction with respect to A is 1 and with respect to B is 2; the overall reaction 

order is as follows: 

1 + 2 = 3 

To calculate k, substitute the values from any one of the above trials into the rate law: 

2.0 M/sec = k(1.00 M)(1.00M)
2
   

k=2.0M−2sec−1 

Order of Reactions 
Chemical reactions are often classified as zero-order, first-order, second-order, mixed-order, or 

higher-order. The general reaction aA + bB → cC + dD will be used in the following discussion. 

First, the meanings of these orders are defined in terms of initial rate of reaction effect: 

 Zero-order in the reactant: there is no effect on the initial rate of reaction 

 First-order in the reactant: the initial rate of reaction doubles when the reactant is doubled 

 Second order in the reactant: the initial rate of the reaction quadruples when the reactant 

is doubled 

 Third order in the reactant: the initial rate of reaction increases eightfold when the 

reactant is doubled 

            Zero-Order Reactions 
A zero-order reaction has a constant rate that is independent of the reactant's concentrations. The 

rate law is as follows: 

Rate = k where k has units of Ms−1. In other words, a zero-order reaction has a rate law in 

which the sum of the exponents is equal to zero. A reaction is zero order if concentration data are 

plotted versus time and the result is a straight line. The slope of this resulting line is the negative 

of the zero order rate constant, −k 

The integrated rate law of a zero-order reaction is given below: 

        [A]t = −kt + [A]0 

If one were to graph the concentration of A as a function of time, at some point, the line would 

cross the x-axis. This is physically impossible because concentrations cannot be negative.  

The half life (t1/2) of a reaction is the time required for the concentration of the radioactive 

substance to decrease to one-half of its original value.  

For a reaction involving reactant A and from the definition of a half-life, t1/2 is the time it takes 

for half of the initial concentration of reactant A to react.  

  1/2[A]0=−kt1/2+[A]0 

Solving for t1/2 gives the following: 

t1/2 = [A]02k 
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First-Order Reactions 
A first-order reaction has a rate proportional to the concentration of one reactant. 

Rate = k[A]    or    rate = k[B] 
First-order rate constants have units of sec

-1
. In other words, a first-order reaction has a rate law 

in which the sum of the exponents is equal to 1.  

The integrated rate law of a first-order reaction is the following: 

ln[A]t = −kt+ln[A]0  

ln[A]t / [A]0=−kt  

[A]=[A]0e−kt, where [A]0 is  initial concentration of A, [A]t is the concentration of A at time t, k 

is the rate constant, and t is the elapsed time. 

Moreover, a first-order reaction can be determined by plotting a graph of ln[A] vs. time t: 

a straight line is produced with slope -k.  

   t1/2 = ln2/K= 0.693/K 

Notice that the half-life associated with the first-order reaction is the only case in which half-life 

is independent of concentration of a reactant or product. In other words, [A] does not appear in 

the half-life formula above.  

Second-Order Reactions 
A second-order reaction has a rate proportional to the product of the concentrations of two 

reactants, or to the square of the concentration of a single reactant. In other words, a second-

order reaction has a rate law in which the sum of the exponents is equal to 2. 

 For example, each of the equations below describes a second-order reaction: 

Rate =k[A]2 
= k[B]2 

= k[A][B] 

The integrated rate law of a second-order reaction is 1/[A]t =1/[A]0+kt 

The half-life of a second-order reaction is: t1/2 = 1/k[A]0 

Third - Order Reactions 
A third-order reaction has a rate proportional to the product of the concentrations of three 

reactants, or to the cube of the concentration of a single reactant. In other words, a third -order 

reaction has a rate law in which the sum of the exponents is equal to 3. 

 For example, each of the equations below describes a second-order reaction: 

Rate =k[A]3 
= k[B]3 

= k[A]2[B] = k[A] [B] 2
 

The integrated rate law of a third-order reaction is 1/2[A]2
t =1/2[A]2

0+kt 

The half-life of a second-order reaction is: t1/2 = 3/k[A]2
0 

Example  

 In a third-order reaction involving two reactants and two products, doubling the concentration of 

the first reaction causes the rate to increase by a factor of 2. If the concentration of the second 

reactant is cut in half, what is the effect on the rate? 

Solution: The rate is directly proportional to the concentration of the first reactant. When the 

concentration of the reactant doubles, the rate also doubles. Because the reaction is third-order, 

the sum of the exponents in the rate law must be equal to 3. Therefore, the rate law is defined as 

follows: rate - k[A][B]
2. 

Reactant A has no exponent because its concentration is directly 

proportional to the rate. For this reason, the concentration of reactant B must be squared in order 

to write a law that represents a third-order reaction. when the concentration of reactant B is 

multiplied by 1/2, the rate will be multiplied by 1/4. Therefore, the rate of reaction will decrease 

by a factor of 4. 
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1. A certain chemical reaction follows the rate law, rate=k[NO][Cl2] 

describe the kinetics of this reaction 

A. The reaction order 

B. The amount of NO consumed  and  the amount of Cl2 consumed 

2. The data in the following table is collected for the combustion of the theoretical compound XH4: 

XH4 + 2O2→XO2 + 2H2O 

       What is the rate law for the reaction described? 

Trial XH4 (initial) O2 (initial) Rate 

1 0.6 0.6 12.4 

2 0.6 2.4 49.9 

3 1.2 2.4 198.3 

 

3. A reaction involving reactant A has a rate constant of 1.4 × 10
–4

 s
–1

. If 1.0 M of reactant reacts  

     for 25 minutes, how much is left? 

4. If the reactant concentration for a second-order reaction decreases from 0.10 M to 0.03 M in 

1.00 hour, what is the rate constant for the reaction? 

5. How long does it take 2.00 M of reactant to decrease in concentration to 0.75 M if the rate 

constant is 0.67 M/min? 

6. What is the rate constant for a first-order reaction with a half-life of 300.0 seconds? 

7. A first-order reaction has a half-life of 0.500 hours. If the initial concentration was 1.00 M, 

how much remains after 1.13 hour? 

8. A second-order reaction has a half-life of 0.50 hours. If the initial concentration is 0.80 M, 

what is the concentration after 1.50 hours? 

9. What is the half-life of a reaction with an initial concentration of 0.300 M and a rate constant 

of 0.00385 M
–1

•s
–1

? 

 


