
 
Royal Society of Chemistry 

 

Analytical Division North West Region 
 
 

Schools Analyst 
Competition 

 
 

19th April 2005 
 
 
 

Experimental Handbook 
 
 

 
 
 

Adran Cemeg - Department of Chemistry 
Prifysgol Cymru - University of Wales 

BANGOR 
 
 
 

                   



SAFETY INFORMATION 
 

Remember to wear gloves and protective clothing at all times in the laboratory and to 
remove these before leaving the laboratory. Take particular care when using phenol and 
sulphuric acid as they can cause burns. Contact a demonstrator if you have any 
concerns, or if there are any spillages and they will help. Please not the safety 
information below relating to the chemicals you will be using. 
 

PHENOL    TOXIC 
POTASSIUM BROMIDE  HARMFUL 
POTASSIUM BROMATE  TOXIC 
SULPHURIC ACID (dilute)  CORROSIVE 

 
 

 
INTRODUCTION TO KINETICS 
 
In general, chemical reactions occur through the breaking and making of chemical bonds 
between atoms in the compounds involved in the reactions. Experimental investigation reveals 
that different reactions take place at different speeds, or rates.  In this context the term “rate” is 
taken to mean the quantity of a specified reactant which disappears or product which appears in 
unit time at a given temperature.  Reaction rates thus expressed have units (moles 1-2 s -2).   
 
Chemical kinetics aims to establish what factors affect how quickly a given reaction will occur. 
The experiment described below is designed to study the kinetics of the reaction between 
bromate and bromide in an acidic solution. 

 
 

 
THE BROMATE/BROMIDE REACTION 
 
The reaction to be studied in this experiment is between bromate and bromide ions in the 
presence of acid and occurs according to the equation, 
 

KBrO3  + 5KBr  +  3H2SO4               3K2SO4  +  3H2O   + 3Br2  [1] 
 

In this reaction, the potassium and sulphate ions are “spectator” ions in that they are not 
themselves materially affected, so, in ionic terms the reaction may be summarised as, 
 

5Br- +    BrO3
-   +  6H+     3Br2   +     3H2O   [2] 

The rate of this reaction can be conveniently measured by measuring the rate at which bromine is 
produced. To do this, a limited amount of phenol and the dye methyl red are added to the 
reaction mixture, the bromine reacts very rapidly with the phenol to form tribromophenol, 
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 [3] 
 
Once all the phenol added has reacted there will be excess Br2 released by the reaction. This will 
oxidise the methyl red causing the disappearance of the red colour in the reaction mixture. Thus, 
if the time (t) taken for the red colour to disappear is measured from the start of the reaction then 
this will closely correspond to the time taken for the reaction to produce enough bromine to react 
with a known quantity of phenol. 
 
Provided the concentrations of the reactants are set at particular values then the rate of reaction 
will depend only on temperature.  Also, if the quantity of phenol added is kept the same, the 
value of the rate constant at a given temperature will be proportional to t-1.  Thus by measuring t 
at various temperatures we can calculate a value for the activation energy (Ea) for the reaction 
(see Equation 6 in the theory section). 
 
 
 
EXPERIMENTAL PROCEDURE 

 
1. Prepare an approximately 0.01M aqueous solution of phenol by weighing out the 

appropriate quantity of phenol and making up with distilled water to 250 cm3 in the 
graduated flask. 

 
2. Pipette 10cm3 of the bromate-bromide solution provided in the laboratory and 10 cm3 of 

phenol solution into a 250 cm3 conical flask. Add three drops of methyl red solution and 
place the flask in a water bath thermostated at the temperature (T) at which the reaction is 
to be run. (NB.  The temperature given on the side of the bath is only approximate.  Place 
a thermometer in the solution to determine as accurately as possible the actual reaction 
temperature. Ensure that the thermometer bulb is covered by the solution). Pipette 25 cm3 
of 0.5M sulphuric acid into another conical flask and place this in the thermostated bath. 

 
Note: Sulphuric acid is available in 0.5 and 1.0M aspirators next to the bromate/bromide 

solution. 
. 
3. When the solutions have reached the same steady temperature add the sulphuric acid to 

the bromate-bromide/phenol mixture and start the stop clock. Keep the reaction mixture 
immersed in the thermostat and shake gently from time to time until the red coloration 
disappears. Note the time (t) for this to occur. 

 
Note: At 0oC the reaction takes approximately 30 minutes but at 60OC only a few seconds. It 

therefore makes sense to set the reaction at low temperature going and to carry out some 
high temperature work in the meantime, whilst awaiting the colour change at low 
temperature. The low temperature reaction should be watched carefully and shaken 
systematically after 20 minutes. 



 
4. The procedure described above should be repeated at FIVE different temperatures. In the 

range 0 oC to 65 oC, the reaction temperature and time taken for the colour change to 
occur in the methyl red being carefully noted in each case. 

 
5. Carry out the experiment again at THREE temperatures in the range 25 oC to 65 oC, this 

time using 1M sulphuric acid, and again at the same three temperatures using 0.25M 
sulphuric acid.  (Prepare the 0.25M acid accurately by transferring 50 cm3 measuring 
cylinder and make up to the mark with distilled water). 
 
 
 

THEORY 
 

If a chemical reaction is to take place between two reactive species, these species must collide 
with each other in order that bond breaking and/or making can lead to the formation of products. 
In gas phase reactions, collisions between molecules are easily envisaged.  In solution the 
reactive species are less free to move about, being hindered by solvent molecules.  However, 
whether in the gas phase or solution it is clear that not every collision is successful in bringing 
about reaction. For example, in a gas at one atmosphere pressure and at room temperature there 
are typically 1028 collisions per cubic centimeter per second. Therefore, if all collisions were 
successful all gas phase reactions would be over in about 10-9 seconds, which clearly does not 
happen. Therefore there must be some other factor which operates to reduce the effectiveness of 
collisions in bringing about reaction.   
 
In order for a reaction to occur, it is not sufficient that molecules simply collide, they must do so 
with enough energy. The numerical value of the minimum energy is called the ACTIVATION 
ENERGY (Ea) and is specific to a particular reaction. In this experiment, you will calculate the 
activation energy for the bromate-bromide reaction. 
 
Effect of Concentration on Reaction Rates 
 
Rates of reaction are affected by changing the concentrations of reacting species. The quantitive 
influence of concentration on the rate is best determined experimentally and it can be shown that 
for kinetically simple cases, the rate is proportional to some power of the concentration of a 
given reactant. For example, for our earlier reaction between A and B it might be shown in 
separate experiments that, 
 

rate ∝ [A]x 

rate ∝ [B]y 
 
 
 
We can therefore conclude that for such a reaction, 
 

rate = k[A]x [B]y                [4] 
 

Where k is the constant of proportionality and is called the RATE CONSTANT for the reaction. 
It is apparent that the numerical value of k is the rate of reaction when A and B are both present 
in unit (1M) concentrations so the numerical value of k is what we earlier termed the specific 
rate of the reaction.  



Effect of Temperature on Reaction Rates 
 
The rates of most reactions are known to increase significantly with rising temperature.  A good 
rule of thumb is that the rate roughly doubles for every 10 oC rise. There are exceptions to this 
but on the whole it is a fair guide. In 1889 Arrhenius proposed that the temperature dependence 
of the rate of reaction is governed by the equation which now bears his name, 
 

k = A exp [-Ea/RT]          [5] 
 
Where k is the rate constant, Ea is the activation energy, R is the gas constant and T the 
temperature in degrees Kelvin.  The pre-exponential term A is the property of the particular 
reaction related to the collision frequency of the reactive species. We might thus expect A to be 
itself temperature dependent and this is indeed the case. However, in equation (2), the 
dependance of k on temperature is dominated by the strong expotential term, so, in the analysis 
of experimental data, the dependance of A on temperature is usually ignored as a first 
approximation.  
 
Equation (2) can be rewritten in logarithmic form, 
 

Log10k = log10  A – Ea/2.303RT    [6] 
 
A graph of log10k against 1/T is therefore expected to be linear with negative slope given by –
Ea/2.303R. Measurement of a reaction rate at various temperatures therefore provides us with a 
means of determining the activation energy for the reaction. 
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