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Activity 27:   Ligand substitution reactions





Student worksheet














Questions


Suggest equations for the complex ions formed in the teacher demonstrations.


Give equations for the reactions occurring in steps 6, 7 and 8.


Name the ligand bonding with the copper(II) ion in step 9 and state what it has been replaced by. Give an equation for the reaction.


Place the complex ions formed between the copper(II) ion and ammonia, the copper(II) ion and chloride ions and the copper(II) ion and water in order of increasing stability and explain why you have put them in this order.


The stability constants for the formation of the copper(II)/ammonia complex and the copper(II)/chloride complex are approximately 1013 and 106 respectively. Does this confirm the order of stability you have given in your answer to Question 4? Explain why.








From the examiner 


Make and record valid observations.


Interpret experimental results to reach valid conclusions.


Demonstrate safe practical techniques.


Show an awareness of all the hazards.








Safety


Wear a lab coat, safety spectacles and disposable nitrile gloves, tie long hair back.











					








Data/diagram











Analysis of results


Which ligand has been replaced by the EDTA,       the Cl-, and the NH3 in step 3?


Which ligand is replacing the water in step 6?


Which ligand is replacing the water in step 7?


Which ligand is replacing which in step 8?











Procedure


A    Teacher demonstration


Watch the teacher demonstration (details given in steps 2 to 3). 


Put 1 cm3 of nickel(II) sulfate solution into each of three test tubes. 


To the first, add 1 cm3 of a solution of EDTA (EthyleneDiamineTetraAcetic acid). To the second, add 0.5 cm3 concentrated hydrochloric acid solution, and to the third add 0.5 cm3  concentrated ammonia solution


Record the colour of the solutions before and after the addition of the each reagent. 





B    Student experiment


Record the colour changes in each reaction.


Put 0.5 cm3 of copper(II) sulfate solution into a test tube. Add concentrated hydrochloric acid drop-wise to the copper solution until there are no further changes. Keep this solution.


Put 0.5 cm3 of copper(II) sulfate solution into a test tube. Add concentrated ammonia solution drop-wise to the copper solution until there are no further changes. 


Take the solution from step 6 and add concentrated ammonia solution drop-wise to the copper solution until there are no further changes. 


Put 1 cm3 of the cobalt(II) nitrate solution into a test tube. Add concentrated hydrochloric acid drop-wise to the cobalt solution until there are no further changes.





Equipment/materials


200 cm3 (in 250 cm3 bottle) of 0.5 mol dm–3 solution of copper(II) sulfate (low hazard)


200 cm3 (in 250 cm3 bottle) of 0.5 mol dm–3 solution of cobalt(II) nitrate (toxic)


200 cm3 (in 250 cm3 bottle) of 0.5 mol dm–3 solution of nickel(II) sulfate (harmful) 


Concentrated hydrochloric acid solution (corrosive)


Concentrated ammonia solution (corrosive)


200 cm3 (in 250 cm3 bottle) of 0.5 mol dm–3 solution of  EDTA (low hazard)


Six test tubes and test tube rack


Graduated dropping pipettes

















Objective				


Be able to perform reactions involving the replacement of ligands.


Be able to relate the ligand substitution of complexes to the stability constant.
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