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IB CHEMISTRY INTERNAL ASSESSMENT 

Experiment: Determining the activation energy of a reaction (HL) 

Aim

To determine the activation energy of the following reaction

                                 S2O82- (aq)  +  2I- (aq)   ((  2SO42-  (aq)  +  I2 (aq)    

Introduction
Peroxodisulfate (VI) ions and iodide ions react together in solution to form sulfate (VI) ions and iodine.

                         S2O82- (aq)  +  2I- (aq)   ((  2SO42-  (aq)  +  I2 (aq)    

Both reactants and the sulfate are colourless so the progress of the reaction can be measured by following the colour of the iodine produced.  The iodine can be detected even more clearly by placing some starch in the reaction mixture: iodine forms an intense blue-black with starch.

One way of measuring this initial rate of the reaction is to measure how long the reaction takes to produce a small fixed amount of iodine.  

You can make the time taken to produce a particular amount of iodine really obvious if you add thiosulfate ions to the reaction mixture at the start.

Thiosulfate ions turn iodine back to iodide ions

                2S2O32- (aq)  +  I2 (aq)   ((  S4O62-  (aq)  +  2I- (aq)

So, no starch-iodine colour will appear until all the thiosulfate has been used up.  What you see is a colourless reaction sitting there as though nothing is happening; then suddenly, it turns blue.  If you measure how long that takes, you know how long it took to use up all the thiosulfate and, therefore, how long it took to produce the equivalent amount of iodine.    

Assessment opportunities:  DPP and CE

In the table below is listed what is expected from you for each criteria as they relate to this experiment.

A ‘3’ will be awarded if the following aspects for each criterion have met been met completely: 

	DPP
	You will need to use the raw data that you have collected in your results table to eventually calculate the activation energy  for the given reaction.

Show your workings clearly under the heading ‘Calculations’.  

Carry out a propagation of errors.  Use appropriate number of significant numbers.

	CE
	Write a conclusion and explain how you have arrived at your conclusion

Compare your value with the literature value which is 52.9 kJ mol-1.

Evaluate the procedure, identifying errors and stating how they have affected your result.

Suggest any improvements to avoid the errors and others that you have listed. 


Equipment and materials

	· Safety spectacles

· Beaker, 250 cm3
· 2 thermometers, 0 - 100(C

· Bunsen burner, tripod, gauze and mat

· 4 burettes and stands with beakers and funnels for filling

· 2 boiling tubes

· clamp and stand
	· potassium peroxodisulphate(VI) solution, 0.020 mol dm-3
· potassium iodide solution, 0.50 mol dm-3
· sodium thiosulphate solution, 0.010 mol dm-3
· starch solution, 0.2 %

· stopwatch



SAFETY:

· Potassium peroxodisulfate (VI) solution:  HARMFUL, OXIDISING

· Eye protection must be worn

Procedure

1. Half fill the beaker with water and heat it to between 49 (C and 51(C.  This will be used as water bath.

2. Using a burette, measure out 10 cm3 of potassium peroxodisulphate (VI) solution into the first boiling tube. Clamp the tube in the water bath and place a thermometer in the solution in the boiling tube.

3. Using burettes, measure out 5 cm3 of each of the potassium iodide and sodium thiosulphate solutions and 2.5 cm3 of starch solution into the second boiling tube.  Place another thermometer in this solution and stand it in the water bath.

4. When the temperatures of the two solutions are equal and constant (to within ( 1(C), pour the contents of the second boiling tube into the first, shake to mix, and start the stopwatch.

5. When the blue colour of the starch-iodine complex appears, stop the watch and record the time.

6. Repeat  the experiment at temperatures close to  45 (C, 40 (C, 35 (C, 30 (C.
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Data Processing (DPP)

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.  
Evaluation and Conclusion (CE)
CE1 = Conclusion (1st  aspect)

Apart from the conclusion based on the experimental results, the experimental result itself should be compared against an expected value (52.9 kJ mol-1) Then a percentage error needs to be calculated. 

· If the % error is less than the uncertainty % than no further error analysis is really necessary as the error can be attributed solely to random error.  Random errors are errors which are due to the limitations or accuracy of the measuring tools used and the taking of readings.  Such errors are predictable (as the manufacturer has stated the accuracy of the equipment) and can therefore be calculated. 

· If the % error is greater than the uncertainty % than further evaluation needs to occur as shown below

CE2 =  Evaluation of procedure (2nd aspect):

Identification of systematic errors which are errors that can be identified and eliminated.  Systematic  errors are due to the quality of the equipment and materials, poor experimental design and ‘incorrect’ use of the equipment.  These errors cannot be calculated and are also difficult to evaluate.  However, these systematic errors can be reduced by using better equipment/materials or improved experimental technique.

Evaluation of procedure consists of:

a. Evaluation of materials/equipment: Measuring tools improperly calibrated? Accurate enough?  Incorrect concentration of reagents? Impure reagents?  Amounts of reagents used large enough?

b. Evaluation of method: Are there any flaws in the method which could have caused an error greater than the % uncertainty? Were some variables not controlled? Were readings duplicated?

In both cases, the limitations (in interpretation of data), weaknesses and errors (=what is wrong with procedure) of the materials/equipment and method need to be identified. 

Evaluation of result

For each identified limitation,  weakness or error indicate which data is incorrect,  the direction of the error (more or less)and the impact on the final result.

CE3 = Improvements

For each suggested weakness, suggest improvements 

This can all be done using a table as shown below
	Limitation/weakness
	Effect on result (=error)
	Improvement

	
	
	


