IB chemistry 

The kinetics of a chemical reaction

Introduction

Four factors are identified as having an influence on the rate of a chemical reaction:

· concentration

· temperature

· surface area of solids

· catalysts (including enzymes)

In this investigation you will explore the first two of these using a ‘clock reaction’ technique.

Clock reactions

Iodide ions are oxidised by hydrogen peroxide solution in the presence of hydrogen ions (reaction I). The colour change of the reaction from colourless to brown as iodine is produced can be followed with the aid of a colorimeter.

H2O2(aq)  +  2 I–(aq)  +  2 H+(aq)  (  I2(aq)  +  2 H2O(l)
                       (main reaction - I)
colourless
brown (I2 mainly exists as I3– ions)

If a colorimeter is not available, the kinetics of the reaction can be investigated by using a “clock” technique. A small fixed amount of sodium thiosulphate is added to reaction (I). As a result the brown colour of the iodine will not appear immediately because it is removed by the second redox reaction (II).

I2(aq)  +  2 S2O32–(aq)  (  2 I–(aq)  +  S4O62–(aq)
                 (monitor reaction - II)
Eventually when the sodium thiosulphate is used up (i.e. after a fixed concentration of iodine is produced by reaction I), the Iodine will be seen by its colour. To make the appearance of the colour more pronounced, starch indicator is added forming a blue-black complex that is seen more easily.

I2(aq)  +  starch  (  blue-black complex
               (indicator reaction – III)
In summary, if iodide ions, hydrogen peroxide, dilute acid, sodium thiosulphate and starch indicator are mixed together and a clock started, the reaction rate can be timed by timing how long it takes for the blue-black colour to suddenly appear. Clock techniques can be adapted to investigate the factors that will affect the reaction.

Investigation 1 – Rate expression determination.

1.
Order of reaction with respect to iodide ions

Using pipettes and burettes, place the following solutions for experiment 1 in a small conical flask (volumes in cm3):

	expt.
	sulphuric acid
(0.05 mol dm-3)
	starch solution (4g/dm3)
	potassium iodide 

(0.5 mol dm-3)
	water
	sodium thiosulphate 

(0.01 mol dm-3)

	1
	25
	1
	1
	4
	1

	2
	25
	1
	2
	3
	1

	3
	25
	1
	3
	2
	1

	4
	25
	1
	4
	1
	1

	5
	25
	1
	5
	0
	1


Into a small test tube place 2 cm3 of 0.25 mol dm-3 hydrogen peroxide and at a convenient time add this to the mixture in the flask and start the clock. Record the time for the reaction. Placing the reaction mixture on a white surface will aid the viewing of the blue-black colour. Note the temperature of the room.

Repeat this procedure for experiments 2, 3, 4 & 5 using fresh samples of 2 cm3 of 0.25 mol dm-3 hydrogen peroxide each time.
2.
Order of reaction with respect to hydrogen peroxide

Using pipettes and burettes, place the following solutions for experiment 6 in a small conical flask (volumes in cm3):

	Expt.
	sulphuric acid
(0.05 mol dm-3)
	starch solution (4g/dm3)
	hydrogen peroxide (0.25 mol dm-3)
	water
	sodium thiosulphate 

(0.01 mol dm-3)

	6
	25
	1
	1
	4
	1

	7
	25
	1
	2
	3
	1

	8
	25
	1
	3
	2
	1

	9
	25
	1
	4
	1
	1

	10
	25
	1
	5
	0
	1


Into a small test tube place 2 cm3 of 0.5 mol dm-3 potassium iodide and at a convenient time add this to the mixture in the flask. Record the time for the reaction. Placing the reaction mixture on a white surface will aid the viewing of the blue-black colour. Note the temperature of the room.

Repeat this procedure for experiments 7, 8, 9 & 10 using fresh samples of 2 cm3 of 0.5 mol dm-3 potassium iodide each time.
3.
Order of reaction with respect to hydrogen ions (acid)

Using pipettes and burettes, place the following solutions for experiment 11 in a small conical flask (volumes in cm3):

	expt.
	sulphuric acid
(0.05M)
	starch solution (4g/dm3)
	potassium iodide

(0.5 mol dm-3)
	water
	sodium thiosulphate 
(0.01 mol dm-3)

	11
	25
	1
	1
	4
	1

	12
	20
	1
	1
	9
	1

	13
	15
	1
	1
	14
	1

	14
	10
	1
	1
	19
	1

	15
	5
	1
	1
	24
	1


Into a small test tube place 2 cm3 of 0.25 mol dm-3 hydrogen peroxide and at a convenient time add this to the mixture in the flask. Record the time for the reaction. Placing the reaction mixture on a white surface will aid the viewing of the blue-black colour. Note the temperature of the room.

Repeat this procedure for experiments 12, 13, 14 & 15 using fresh samples of 2 cm3 of 0.25 mol dm-3 hydrogen peroxide each time.

Investigation 2 – Effect of temperature

Modify the procedure used in Investigation 1 to allow you to observe the rate of reaction at different temperatures.

Use your results to determine the activation energy for the reaction in the following way:

· Calculate the concentration of I2 that will react with the S2O32– (thiosulphate) ions in main reaction II (front page).

· For each temperature, calculate the rate of the reaction, where:

	Rate of reaction (mol dm–3 s–1)  = 
	[ I2 ] (mol dm–3)

	
	time (s)


· Convert each temperature from Celsius to Kelvin.

· Plot a graph of natural logarithm of rate against the inverse of Temperature (K-1).
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· The slope of this graph equals – EA / R.
[where EA is the activation energy and R is the universal gas constant.]

Calculate EA for this reaction from the slope of your graph, and determine its units.

· Include an evaluation of your procedure in your final written report.
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