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Iodine reacts with propanone in a substitution reaction which is catalysed by H+ ions. The overall equation is:

CH3COCH3 (aq) + I2 (aq)    CH3COCH2I (aq) + HI (aq)

This reaction can be studied using a colorimeter to measure the rate at which iodine is decolourised, but 
the procedure below uses a titration technique to determine the amount of iodine present in the reaction 
mixture at various time intervals. Samples are removed from the reaction mixture and poured into sodium 
hydrogencarbonate solution. This quenches the reaction by neutralising the acid catalyst. The samples are then 
titrated with sodium thiosulfate solution to determine how much iodine is present.

Procedure
Use a measuring cylinder to place 10 cm3 of sodium hydrogencarbonate solution into each of five conical flasks. 

Fill a burette with 0.010 mol dm–3 sodium thiosulfate solution.

Mix 25 cm3 of 1.0 mol dm–3 propanone solution and 25 cm3 of 1mol dm–3 
sulfuric acid in a 250 cm3 conical flask. Measure out 50 cm3 of 0.02 mol dm–3 
iodine solution in a measuring cylinder. Mix this with the other reactants and 
immediately start timing the reaction. Swirl the flask well to mix the reactants.

Continue swirling the flask for about a minute, then withdraw 10 cm3 of the reaction mixture, using a pipette and 
filler. Run the contents of the pipette into one of the flasks of sodium hydrogen carbonate solution, noting the 
time. Shake the flask until bubbling ceases, then titrate the contents of the flask with sodium thiosulfate solution 
until the iodine colour is pale yellow. Add a drop of starch solution to turn the remaining iodine blue-black and 
continue the titration until the colour is completely discharged.

At five minute intervals, remove further 10 cm3 samples from the reaction flask and quench them with sodium 
hydrogencarbonate solution as before. Note the times when the samples are removed. Titrate them with sodium 
thiosulfate solution as above.

Tabulate the results of the experiment. Plot a graph of volume of sodium thiosulfate required against time. (Why can 
you plot a graph of the volume of thiosulfate use in the titration rather than the concentration of iodine?)

Use your graph to deduce the order of the reaction with respect to iodine.

Learner resource 1 The kinetics of the reaction between iodine and propanone

Safety
1 mol dm–3 sulfuric acid is 
irritant 

Propanone is highly flammable
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Deducing the overall rate equation for the reaction
In the experiment overleaf, the concentration of iodine was much lower than the concentrations of the 
other reactants (propanone and sulfuric acid). Because of this, we were able to consider the effect of iodine 
concentration in isolation.

An alternative approach is to estimate the rate of change of concentration of iodine at the start of the reaction, 
ie the initial rate. In this experiment, four different mixtures were set up and the time taken for the colour of the 
iodine to disappear was estimated.

Learner resource 1

Expt A Expt B Expt C Expt D

Concentration of HCl (mol dm-3) 1.0 0.5 1.0 1.0

Concentration of propanone (mol dm-3) 0.5 0.5 0.25 0.5

Concentration of iodine (mol dm-3) 0.001 0.001 0.001 0.0005

Time taken for colour to disappear(s) 125 264 243 58

Rate of reaction (mol dm-3 s-1)

Calculate the initial rate of each reaction:

Now compare each of the experiments in turn.

Experiments A and B show that halving the concentration of HCl ........................................  
the order of the reaction with respect to H+ ions is ........... 
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Experiments ......... show that.................................................................................................  
the order of the reaction with respect to propanone is ...........

Experiments ......... show that.................................................................................................  
the order of the reaction with respect to iodine is ...........

What is the overall order of the reaction?

Now write an equation for the rate of the reaction:

r iodine = k [iodine]a [propanone]b [H+]c

By inserting values from the table above, calculate a value for the rate constant, k. 

What are the units of k?

Propanone exists in equilibrium with an isomer, propen-2-ol, CH3C(OH)=CH2.

How would iodine (a halogen) react with propen-2-ol?

It has been suggested that H+ ions catalyse the conversion of propanone to propenol. Use this information to 
suggest a mechanism for the reaction which agrees with the rate equation.

Learner resource 1
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