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Reactivity 2.3.4 
Observations of shifts in the position of chemical equilibria
Reference:
R2.3.4 Le Chatelier’s principle enables the prediction of the qualitative effects of changes in concentration, temperature and pressure to a system at equilibrium. 
Aim
To observe and explain changes in the position of chemical equilibria in ionic solutions.
Introduction
Le Chatelier’s principle states that when a system at equilibrium is subjected to a change, it responds in such a way as to minimize the effect of the change.

The principle enables us to make qualitative predictions about how a reaction at equilibrium will respond to changes in conditions. In this series of experiments, we will set up three different reactions and allow them to reach equilibrium, before changing the concentration of one of the reactants. The reactions are all chosen to give observable changes as the position of equilibrium shifts.

The emphasis in this lab is on prediction, observation, and explanation of changes, by reference to Le Chatelier’s principle. You need to be alert for all changes that may occur in the reactions, including, but not limited to, colour, temperature and precipitation.


Please note 
A full risk assessment should be carried out prior to commencing this experiment. 
Personal safety equipment should be worn. 
Chemicals should be disposed of safely and with due regard to any environmental considerations. 

Risk assessment
	Material name and chemical formula
	Associated risks
	Measures taken

	



	
	

	



	
	

	



	
	



Environmental Risks
	Waste products (if any)
	Associated risks
	Waste management

	



	
	



Ethical risks
	Risks to humans
	Justification
	Management

	


	
	

	Risks to the environment
	Justification
	Management

	


	
	




Equipment list
	Chemicals/materials
	Apparatus (per group of students)

	Experiment 1
0.50 mol dm−3 iron(III) chloride, FeCl3(aq)
0.50 mol dm−3 potassium thiocyanate, KSCN(aq)
ammonium chloride, NH4Cl(s) 
distilled water 

Experiment 2
potassium iodide, KI(s)
0.10 mol dm–3 lead nitrate, Pb(NO3)2(aq)
distilled water 


Experiment 3
cobalt(II) chloride, CoCl2(s)
concentrated hydrochloric acid, HCl (conc.) 
distilled water 

	Experiment 1
2 dropping pipettes
4 test tubes
spatula

Experiment 2
forceps
Petri dish
black card 
2 dropping pipettes 
stereomicroscope

Experiment 3
balance
250 cm3 conical flask
2 dropping pipettes
measuring cylinder 



Experiment 1: The iron thiocyanate complex
Introduction
The reaction involves iron(III) ions and thiocyanate ions reacting in solution to produce the complex ion iron(III) thiocyanate [Fe(SCN)]2+, according to the equation:

Fe3+(aq)     +	 SCN−(aq) 	⇌ 	[Fe(SCN)]2+(aq) 
        pale yellow	colourless 		blood red

The intensity of the colour produced by the complex ion product indicates the position of this equilibrium.
In this lab we will change the concentrations of reactants in three different ways. Note that 
the third step, tube C, involves the addition of ammonium chloride, NH4Cl(s). This dissolves 
to release chloride ions, which react with iron(III) ions in solution by forming complex ions, 
such as [FeCl4]–. 
A possible reaction is:
Fe3+(aq) + 4Cl−(aq) ⇌ [FeCl4]−(aq)

The effect is to reduce the concentration of iron(III) ions.
Method
1. Mix together one drop of 0.50 mol dm–3 iron(III) chloride solution and one drop of 0.50 mol dm–3 potassium thiocyanate solution in a test tube, then add about 5 cm3 of distilled water to form a pale orange-brown solution.
Divide this solution into 4 equal parts in 4 test tubes. Label one tube ‘control’, and the other tubes A, B, and C.
2. Tube A: add one drop of 0.50 mol dm−3 iron(III) chloride.
Tube B: add one drop of 0.50 mol dm−3 potassium thiocyanate.
Tube C: add a spatula load of solid ammonium chloride and stir well.
3. Compare the colour of the solution in each of tubes A, B, and C with the control tube.

Results and analysis
For each reaction observed, suggest what is causing the change in colour and what this indicates has happened to the position of equilibrium.

	Change
	Observation
	Cause
	Shift in equilibrium

	A [Fe3+] increases

	
	
	

	B [SCN− ] increases

	
	
	

	C [Fe3+] decreases

	
	
	



Conclusion
Comment on the extent to which your results support the predictions of Le Chatelier’s principle.

Reflection
The forward reaction is exothermic. What would you therefore expect to observe if the original reaction mixture is warmed slightly?




Experiment 2: ‘Fried eggs’ of PbI2 and KPbI3
Introduction
This simple reaction illustrates the equilibrium between two different solids that form 
from a solution.
The reaction is between potassium iodide crystals, KI(s), and lead nitrate solution, Pb(NO3)2(aq), as follows:

2KI(s) + Pb(NO3)2(aq) ⇌ PbI2(s) + 2KNO3(aq)
          yellow

     PbI2(s) + KI(aq) ⇌ KPbI3(s)
           white

Potassium iodide (KI) is very soluble and one drop of lead nitrate, Pb(NO3)2(aq), is enough to cause relatively large crystals to dissolve.
When a larger crystal of KI is used, it forms a more concentrated solution of KI(aq) which displaces this first equilibrium to the right, producing a higher concentration of lead iodide, PbI2. In turn, this favours the second reaction, which causes the appearance of white needles of KPbI3(s). The production of both yellow PbI2(s) and white potassium lead iodate, KPbI3(s), can give the appearance of a fried egg.

Method
1. Using forceps, place different sized crystals of KI spaced apart in a Petri dish standing 
on black card.
2. Add one drop of 0.10 mol dm−3 Pb(NO3)3(aq) over each crystal.
3. Observe the different appearances of each reaction.
4. Add a drop of distilled water to one reaction mixture and observe any changes.
5. Add an extra crystal of KI to another reaction mixture and observe any changes.
6. The use of a stereomicroscope at 20× magnification helps to observe the 
changes occurring.




Results and analysis
	Reaction mixture / change
	Observation
	Explanation

	small crystal KI
+ Pb(NO3)2(aq)

	
	

	large crystal KI
+ Pb(NO3)2(aq)

	
	

	addition of H2O 
to equilibrium

	
	

	addition of KI(s) 
to equilibrium

	
	



Conclusion
Comment on the extent to which your results support the predictions of 
Le Chatelier’s principle.

Reflection
The equilibrium reactions described here are described as heterogeneous because the products are in a different state from the reactants. Find out how the equilibrium constant expression is modified when describing heterogeneous equilibria involving solids.




Experiment 3: The cobalt chloride equilibrium
Introduction
Cobalt forms a complex ion with water and with chloride ions. When the two species, known as ligands, bind to the metal ion in this way, they can exchange with each other according to their relative concentrations. The colour of the complex ion changes from blue to pink as chloride ions are substituted by water. 

CoCl2(s) + 6H2O(l) ⇌ [Co(H2O)6]2+(aq) + 2Cl−(aq)
pink
[Co(H2O)6]2+ + 4Cl−(aq) ⇌ [CoCl4(H2O)2]2−(aq) + 4H2O(l)
blue
Method
1. Dissolve about 4 g of cobalt(II) chloride in about 40 cm3 of distilled water in a conical flask. Observe the colour of the solution.
2. Add 60 cm3 of concentrated HCl and observe the colour of the solution.
3. Using a dropping pipette, add more distilled water until the solution goes back to its 
original colour.
4. Demonstrate that the colour change is reversible by drop-wise addition of concentrated HCl.

Results and analysis
	Change
	Observation
	Explanation

	CoCl2(aq)

	
	

	addition of conc. HCl
	
	

	addition of H2O

	
	



Conclusion
Comment on the extent to which your results support the predictions of 
Le Chatelier’s principle.

Reflection
The following reaction is endothermic: 

[Co(H2O)6]2+ + 4Cl− (aq) ⇌ [CoCl4(H2O)2]2−(aq) + 4H2O(l)

Predict the effect on the equilibrium position of an increase in temperature.

How do you think the equilibrium:

CoCl2(s) + 6H2O(l) ⇌ [Co(H2O)6]2+(aq) + 2Cl−(aq)

would respond to the addition of a spatula load of NaCl(s)? What would you observe?

Post–lab report 
Write a report where you:
Summarize the important theoretical concepts described in this lab.
Explain why distilled water, rather than pure deionized water, was used 
in this experiment. 
Summarize the experimental procedure.
Highlight any important health and safety matters.
Present your observations and discuss your results.
Present and justify your conclusion. 
Evaluate the process and propose a quantitative extension for this 
laboratory experience.
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