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Rate of Reaction 
 
Rate of reaction is usually measured as the change in concentration of a reactant or product 
with time: 
 
 
 
  
 
 
Unit = mol dm​-3​ s​-1 
 
In order to calculate the rate of reaction from a concentration-time graph: 
 

● Find the initial rate by drawing a tangent at t=0. 
● Find rate at a certain time draw a tangent at that time on the graph.  
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Try this question… 
 
1. Hydrogen peroxide, H​2​O​2​, decomposes according to the equation: 

 2H​2​O​2​(g) → 2H​2​O(g) + O​2​(g) 
 
In an experiment, the concentration of the reactant H​2​O​2​ was measured over a period of time. 
The results are shown below: 
 

Time/s 0 15 30 60 100 180 

[H​2​O​2​]/mol dm​-3 0.40 0.28 0.19 0.07 0.03 0.01 

  
Plot a graph to show how concentration varies with time and use your graph to calculate the 
rate of reaction: 
a)      Initially 
b)      When [H​2​O​2​]= 0.20 mol dm​-3 

c)       When [H​2​O​2​]= 0.10 mol dm​-3 
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Orders of Reaction 
 
The order with respect to reactant is the power to which the concentration of the reactant is 
raised in the rate equation. The order of the reaction cannot be worked out from the overall 
equation. It only be worked out from experimental data by using a graphical method or initial 
rate method.  
 
Example of a rate equation: 
 

 
 
 
 
 
 
 
 
 
 
 
Zero order reaction  
The concentration of the reactant has no effect on the reaction and therefore has no effect on 
the rate of the reaction.  
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1st order reaction  
The rate is directly proportional to the concentration. Therefore if the concentration of A doubles 
the rate doubles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2nd order reaction  
The rate is proportional to the square of the reactant. Therefore if the concentration of A doubles 
the rate quadruples.  
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The concentration-time graphs for 1st and 2nd order are similar so to distinguish between work 
out the half life of each graph. The graph with a constant half-life is 1st order of reaction.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Determining order of reaction, rate equation, rate constant  
and units using the initial rates method  
 
Example 1:  
The initial rates of the reaction 2A + B → 2C + D at various concentrations of A and B are given 
below: 
  

[A] mol dm​-3 [B] mol dm​-3 Initial rate /mol dm​-3​s​-1 

0.01 0.20 0.10 

0.02 0.20 0.20 

0.01 0.40 0.40 
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a)      What is the order of reaction with respect to A and B? 

 
[Two data sets have to be compared, where for one substance the concentration stays the 
same and for the otehr it changes. This allows the effect, if any, on initial rate to be seen.] 
 
Step 1:​ ​Find two sets of data where the concentration of B stays the same. 
 
⇒ Experiment 1 and 2. [B] stays the same at 0.2 mol dm​-3​, [A] doubles and the initial rate 
doubles. 

 
Step 2:​ Deduce the order of reaction with respect to A.  

 
⇒ When [ A ] doubles and the initial rate doubles meanng they are directly proportional. 
⇒ It is ​1st order of reaction  
 
Step 3:​ Find two sets of data where the concentration of A stays the same. 

 
⇒ Experiment 1 and 3. [A] stays the same at 0.1 mol dm​-3​, [B] doubles and the initial rate 
quadruples. 
  
Step 4:​ Deduce the order of reaction with respect to B. 
 
⇒ When [B] doubles and the initial rate quadruples meaning rate is proportional to the square of 
the concentration of the reactant. 
⇒ It is ​2nd order of reaction  

 
 

b)      What is the overall order of reaction? 
 
Step 1:​ Add the order of reaction with respect to all the reactants together to find out the overall 
order of reaction.  
 
⇒ 1 + 2 = ​3  
  
 
c)      What is the value of the rate constant and its units? 
 
Step 1:​ Write the rate equation.  
 
⇒ Rate = k[A][B]​2  
  

www.pmt.education



 
Step 2:​ Rearrange the equation so that the rate constant, k,  is the subject.  
⇒ K = rate / [A][B]​2  
 
Step 3:​ Input values from the table  
 
⇒ k = 0.1 / (0.01 x (0.2​2​)) 
       ​=​​ 250  
 
Step 4:​ Work out the unit of the rate constant by subbing the units into the equation.  
 
⇒ k=  ​rate  
     [A][B]​2 
 
 
⇒  
   
 
 
 
 
⇒ ​mol​​-2​​dm​​6 

 
  
d) What will be the rate of the reaction if the concentrations of A and B are both 0.01 mol 
dm​-3​? 
 
Step 1:​ Use the rate equation and input the values to work out the rate of reaction.  
 
⇒ Rate = 250 x (0.1) x (0.1)​2 
             = 0.25 mol dm​3 ​s​-1 
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Example 2:  
For the reaction F​2​(g) + ClO​2​(g) → 2FClO​2​(g), the following rate data were collected: 
 

           [F​2​] mol dm​-3   [ClO​2​] mol dm​-3  Initial rate mol dm ​-3 ​s​-1 

0.10 0.01 1.2 x 10​-3 

0.10 0.04 4.8 x 10​-3 

0.20 0.01 2.4 x 10​-3 

 
What is the rate constant for the reaction? 
 
Step 1:​ Work out the order with respect to F​2 ​. 
 
⇒ Experiment 1 and 2. [F​2​] doubles and the rate doubles. 
⇒ 1st order with respect to F​2​. 
 
Step 2:​ Work out the order with respect to ClO​2 
 
⇒ Experiment 1 and 2. [ClO​2​] increases by 4 and the rate increases by 4. 
⇒ 1st order with respect to ClO​2 
 
Step 3:​ Write the rate equation.  
 
⇒ Rate = k[F​2​][ClO​2​]  
 
Step 4:​ Rearrange the rate equation to calculate the rate constant, k.  
 
⇒ k= rate / ([F​2​][ClO​2​]) 
 
      =  ​1.2 x 10​-3  
         (0.1)(0.01) 
 
⇒ ​1.2 mol dm​​-3 ​​s​​-1 
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Worked Exam Style Question 
 
Question 1 

 
 
 
 
 
 
 
 
 
 
 

[3 marks] 
 

Step 1: Work out 
the order of 

reaction 
with respect to 
O​3​. 

 
⇒ Experiment 1 and 2. [O​3​] increases by 4 and the rate increases by 4. 
⇒ 1st order with respect to O​3​. 

 
Step 2:​ Work out the order of reaction with respect to C​2​H​4​. 

 
⇒ Note there are ​not​​ 2 sets of data with the same concentration of O​3​. However experiments 2 
and 3 can be used as the order of reaction of O​3​ is known. 

 
⇒ Using experiment 2 and 3, the [C​2​H​4​] increases by 2 and the rate increases by 2 therefore it 
is 1st order with respect to C​2​H​4​.  

 
Note: 
As the order for O​3​ is known to be 1st order of reaction in between experiment 2 and 3 the 
concentration doubles therefore the rate also doubles.  
Therefore the new rate is 8 x 10​-12​, you can use this value to compare the effect on the rate the 
concentration of  C​2​H​4​ has.  
The initial rate doubled (8 x 10​-12​ to 16 x 10​-12​) just as the concentration of C​2​H​4​ did. 
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⇒ 1st order of reaction. 
 
Step 3:​ Write the rate equation.  
 
⇒ Rate = k[O​3​][ C​2​H​4​ ] 
 
 
Try these questions… 
 
2. 
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3. 

 
 

 
[6 marks]  
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Arrhenius Equation  
 
The Arrhenius equation can be used to work out the activation energy of a system.  
 

 
 
 
 
 
 
 
 
 
 
Units:  
 
K - mol dm​-3​s​-1 

E​a​- Joules (J) 
T - Kelvin (K) 
 
Activation energy can be found using a graph : 
 

 
 
 
 
 
 
 
 
 
 
 

1. Work out the gradient ( this value = -Ea / R) 
2. Multiply this value by the negative gas constant (-8.314)  

 
The y-intercept - Ln(A) can also be found from this graph. 
 
C = ln(A) 
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e​C​ = A 
 
Example 1:  
The rate constant for the between Ca and HCl was measured at different temperatures. The 
results obtained were: 
  

T(K) 290 310 330 350 

k​  (mol 
dm​-3​s​-1​) 

0.0030 0.0216 0.122 0.567 

  
Use the Arrhenius equation to calculate the pre-exponential factor at 290K if the activation 
energy was 55.5 kJmol​-1​. 

 
 
Step 1:​ Decide which form of the Arrhenius equation would be easier to use and rearrange so 
that the pre-exponential factor, A, is the subject. 
 
⇒ In this case you should use k= Ae​-Ea / RT  
 
A = ___​k​____ 
       e ​-Ea / RT 

 
Step 2:​ Input values into the equation to work out the value of the pre-exponential factor.  
 
A = __​0.003​______  
        e​-55500 / 8.314 x 290 

  
  = ​2.98 x 10​​7​​    (3 s.f)  
 
 
Example 2:  
Calculate Ea of a reaction at 330 K and a rate constant 1.3 x 10​-4 ​s​-1​. Assume A = 4.55 x 10​13 
and R = 8.314 Jmol​-1​K​-1​. 
 
Step 1:​ Decide which form of the Arrhenius equation would be the easiest to use and rearrange 
the equation so that activation energy is the subject. 
 
⇒ In this case it is best to use lnK = ​-Ea​  + lnA 
                                                          RT 
⇒ Ea = (Ln(K) - ln(A)) x -RT  
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Step 2:​ Input the values into the equation  
 
Ea = Ln(1.3 x 10​-4​) - ln(4.55 x 10​13​) x (-8.314 x 330) = 110833 J  
 
⇒ ​111 kJ 
 
 
Try this question… 
 
4. 
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Answers 

 
Q1. 
 

 
a) (0.40-0.20)/20 = 0.010 mol dm ​-3​s​-1 

b) (0.288-0.114)/30 = 0.0058 mol dm​-3​s​-1 

c)   (0.134-0.036)/30 = 0.0033 mol dm​-3​s​-1 

 
Q2. 
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Q3 
 

 
 
Q4. 
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