
IB CHEMISTRY    Experiment: The kinetics of the reaction between iodine and propanone 
Aim

To obtain the rate equation for the reaction between iodine and propanone by determining the order of reaction with respect to each reactant and to the catalyst (hydrogen ions).  The equation is  

                      I2  (aq)  +  CH3COCH3 (aq)  ((  CH3COCH2I (aq)  +  H+ (aq)  +   I- (aq)    
Introduction

A catalyst does not necessarily appear in the stochiometric equation (here it appears as a product) but it can appear in the rate equation. The other species that are likely to appear in the rate equation are the reactants and so you may assume that the rate equation is:

          Rate = k  [I2 ]p [CH3COCH3 ]q [H+ ]r       

You will be determining the order of reaction with respect to each reactant and the catalyst by varying the concentration of each species in turn, keeping the others constant and following the reaction colorimetrically.  As the intensity of the iodine colour decreases more light is transmitted (transmittance increases) through the solution (i.e. the absorbance decreases).

There are four parts to the experiment; the first two will have already been done for you by Sherry, although you will be asked to draw the calibration curve in step 2. You will need to carry out parts 3 and 4.
	1. Choosing the right filter for the colorimeter. The greatest accuracy is achieved by using the filter with the greatest absorbance and least transmittance for the solution being tested. In the case of iodine the most accurate filter is likely to be the green/blue filter (index 3) as green/blue are the complementary colours of the colour of the iodine solution. 

2. Calibrating the colorimeter so that the meter readings can be converted into concentrations of iodine. This process should result in a calibration curve.
3. Obtaining values for the concentration of iodine at intervals of time for a series of experiments with the following set of conditions:

a. Initial [CH3COCH3] varying;        [I2], [H+] constant                         experiments: a, b and c
b. Initial [I2] varying;                        [CH3COCH3], [H+] constant         experiments: a, d and e
c. Initial  [H+] varying;                      [I2],  [CH3COCH3] constant.        experiments: a, f and g
  4.  Each set of experiments gives you the order of reaction with respect to that reactant.     


Equipment and materials

	· Safety spectacles

· Colorimeter

· Small test tubes

· 4 burettes with stands, filling funnels and beakers

· iodine solution, 0020 mol dm-3
	· propanone solution, 2.0 mol dm-3 

· hydrochloric acid solution, 2.0 mol dm-3
· stopwatch

· thermometer, 0 – 100 (C
· distilled water 


Procedure

1. Each student or group selects a reactant (propanone, hydrochloric acid or iodine) and uses the table below to decide which mixtures to make i.e. mixtures a, b and c for propanone, mixtures a, d and e for iodine and mixtures a, f and g for hydrochloric acid. Other reactants will be investigated by other students and raw data will need to be shared.

	
	Experiment

	
	a
	b
	c
	d
	e
	f
	g

	Volume of 2 mol dm-3  propanone /cm3
	2
	4
	6
	2
	2
	2
	2

	Volume of 0.02 mol dm-3 iodine/cm3
	2
	2
	2
	4
	1
	2
	2

	Volume of 2 mol dm-3 HCl /cm3
	2
	2
	2
	2
	2
	4
	6

	Volume of water /cm3
	4
	2
	0
	2
	5
	2
	0

	[propanone] /mol dm-3
	0.4
	0.8
	1.2
	0.4
	0.4
	0.4
	0.4

	[I2] /mol dm-3
	0.004
	0.004
	0.004
	0.008
	0.002
	0.004
	0.004

	[H+] /mol dm-3 
	0.4
	0.4
	0.4
	0.4
	0.4
	0.8
	1.2


2. For your first mixture, measure out the iodine solution, acid and water from burettes into a small test tube. Wipe the test tube clean and only handle at the top of the test tube.

3. Measure the propanone solution into another small test tube, again using a burette.  Keep the outside of all tubes clean and dry.
4. Reset the colorimeter to zero using the test tube of distilled water – see instructions on using the colorimeter at the end od this lab card.
5. Add the propanone solution to the first mixture and start the clock.  Quickly stopper the test tube and invert it six or seven times to mix the contents thoroughly.
6. Put the test tube in the colorimeter. 
7. Take the first reading at 30 seconds after the clock was started.
8. Take further readings at 30-second intervals for six minutes or until the colour disappears, if this occurs sooner.  Record your results in the table provided.
9. Repeat steps 2 to 7 for the other two mixtures concerning the reactant you have chosen.
10. If you have time, repeat your measurements.  
Results tables

t = time/min               % = meter reading           I = [I2 (aq)] /x10-3 mol dm-3]

	 
	t
	0
	 1/2
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	1 1/2
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	2 1/2
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	3 1/2
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	4 1/2
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Data Processing 

Under the heading “Data processing”, use the raw data collected and recorded in the above results table to determine the activation energy for the reaction given.  

Ensure your processing is easy to follow and that is also includes propagation of uncertainty.  
Calibration of colorimeters 

	Volume of 0.02 mol dm-3 I2 solution
(in cm3)
	Volume of distilled water
(in cm3)
	[I2 (aq)] solution (in x10-3 mol dm-3)
	Meter reading (absorbance) (in A)

	
	
	
	A
	B
	C
	D
	E

	0.0
	10.0
	0.0
	0.00
	0.00
	0.02
	0.00
	0.00

	1.0
	9.0
	2.0
	1.12
	1.21
	1.19
	1.25
	1.13

	2.0
	8.0
	4.0
	1.83
	2.02
	1.97
	2.15
	1.84

	3.0
	7.0
	6.0
	2.35
	2.62
	2.57
	2.84
	2.35

	4.0
	6.0
	8.0
	2.66
	3.02
	3.05
	3.13
	2.59

	5.0
	5.0
	10.0
	2.71
	3.21
	3.20
	3.79
	2.74


Instructions on using colorimeters
Before you take any reading of the reaction you have to reset the colorimeter.

1. Resetting: Place test tube with distilled water in hole and press R or PRESS TO ZERO button, wait for red light to go out and it reads 0.0 A.  Remove test tube. 

2. Reading: place test tube with reacting system in hole. Press R and wait for red light to go out.

3. Take reading and remove test tube.

4. Repeat step 1. 

