INVESTIGATING EQUILIBRIUM  EXPERIMENT
Objectives
1. To recognize the macroscopic properties of three chemical systems at equilibrium.

2. To observe shifts in equilibrium concentrations as stresses are applied to the systems.

3. To explain observations by applying LeChatelier’s Principle.

Materials

12 test tubes         test tube rack          2 -100mL beakers            beaker tongs

safety glasses       stand                        ring clamp                        wire gauze

bunsen burner     sparker                    2 -250mL beakers            10mL grad cylinder

0.2M FeCl3            0.2M KSCN            0.2M KCl                          0.2M Fe(NO3)3
6.0M NaOH          CoCl2(6H2O           6.0M HCl                          water

0.1M K2CrO4         0.1M K2Cr2O7         1M NaOH                        1M HCl

0.1M Ba(NO3)2      

Procedure
PART I

1. Use a 10mL graduated cylinder to measure 1mL of 0.2M FeCl3 and pour it into a 250mL beaker. Using another 10mL graduated cylinder, measure 1mL of 0.2M KSCN.  Record the colour of each solution under the equilibrium reaction in Data and Observations.

2. Add the 1mL portion of 0.2M KSCN to the beaker containing 0.2M FeCl3.  Swirl the mixture and record the colour of FeSCN2+ under the equilibrium reaction in Data and Observations.  Add enough water to the solution (80-120mL) to dilute the intense colour to a light amber colour.
3. Pour approximately 5mL of this solution into each of 5 test tubes labeled A to E.  Test tube A serves as a control.

4. For each of the following reactions (steps 5-8), record the results in Table 1. 

5. To test tube B, add 10 drops of 0.2M KCl.

6. To test tube C, add 10 drops of 0.2M Fe(NO3)3.

7. To test tube D, add 10 drops of 0.2M KSCN.

8. To test tube E, add 10 drops of 6.0M NaOH.
9.  All solutions can go down the sink with plenty of water.

PART II

1. Place a pea-sized sample of CoCl2(6H2O into each of two 100mL beakers.

2. To the first beaker, add 10mL of 6.0M HCl and label the beaker #1 using a 10mL graduated cylinder.
3. To the second beaker, add 10mL of water.  Record the colours in each beaker under the equilibrium reaction in Data and Observations.

4. Gradually add water to the solution in beaker #1 until a definite colour change occurs.  Record observations in Table 2.

5. Place beaker #1 on a stand with a ring and wire gauze.  Adjust the laboratory burner to a very low flame and heat gently.  When a definite colour change is observed, shut off the burner.  Using tongs, remove the beaker from the ring stand.  Record the resulting colour in Table 2.

6. Add approximately 50mL of tap water to a clean 250mL beaker.  Carefully place the warm beaker and contents from Step 5 upright into this cold water bath.  Record any additional changes in color in Table 2.

7.  All solutions can go down the sink with plenty of water.

PART III
1. Place 10 drops of 0.1M K2CrO4 and 10 drops of 0.1M K2Cr2O7 in different test tubes.

2. Add to each, in alternation, 1M NaOH drop by drop until a colour change occurs in one of the test tubes.  Record results in Table 3.

3. To the same test tubes add 1M HCl in the same manner until a colour change is observed.  Record results in Table 3.

4. Repeat steps 1-3, but add the 1M HCl first until a colour change is observed in one of the test tubes, then add 1M NaOH until a colour change is observed in one of the test tubes.  Record results in Table 3.

5. Place 10 drops of 0.1M K2CrO4 in a test tube.  Add two drops of 1M NaOH.   Then add 0.1M Ba(NO3)2 drop by drop until a change is noted.  Record results in Table 3.

6. Add 1M HCl drop by drop to the test tube from Step 5 until a change occurs.  Record results in Table 3.

7. Place 10 drops of 0.1M K2Cr2O7 in a test tube.  Add two drops of 1M HCl.  Then add 0.1M Ba(NO3)2 drop by drop until a change is noted.  Record results in Table 3.

8. Add 1M NaOH drop by drop to the test tube from Step 7 until a change occurs.  Record results in Table 3. 

9. Place 10 drops of 0.1M K2CrO4 and 10 drops of 0.1M K2Cr2O7 in different test tubes.  Add 10 drops of 0.1M Ba(NO3)2 into each.  Record results in Table 3.
10.  All solutions should be put into the designated waste container.
Data and Observations
PART I





Fe3+(aq)     +     SCN-(aq)  (     FeSCN2+(aq)
       colour:            _________        _________        _______________
Table 1 – Stresses in the iron (III) thiocyanate ion equilibrium 

	Reagent Added
	Ions added
	Ion that caused shift

(if any)
	Observation (colour change)
	Direction of Equilibrium Shift

	KCl 

(test tube B)
	
	
	
	

	Fe(NO3)3  (C)
	
	
	
	

	KSCN       (D)
	
	
	
	

	NaOH      (E)
	
	
	
	


PART II



   Co(H2O)62+(aq)       +      2Cl-(aq)      (       Co(H2O)4Cl2(aq)        +     2H2O(l)
      colour:       ______________                                        ________________

Table 2 – Equilibrium Involving Cobalt (II) Complexes

	Procedure

Step
	Predominant

substance: Co(H2O)62+ or Co(H2O)4Cl2
	Stress
	Observation (colour change)
	Direction of Equilibrium Shift

	Step 2
	Co(H​2O)​62+
	addition of Cl-
	
	

	Step 4
	
	dec in [Cl-]
	
	

	Step 5
	
	
	
	

	Step 6
	
	
	
	


PART III

                             2CrO42-(aq)        +       2H+(aq)       (        Cr2O72-(aq)       +        H2O(l)
       colour:    ______________                                     _____________

Table 3 – Equilibrium Involving Chromate and Dichromate Ions

	Procedure
Steps

2 & 3
	
	0.1M K2CrO4
	0.1M K2Cr2O7

	
	Initial Colour
	
	

	
	1M NaOH added
	
	

	
	1M HCl added
	
	

	Step

4
	
	0.1M K2CrO4
	0.1M K2Cr2O7

	
	Initial Colour
	
	

	
	1M HCl added
	
	

	
	1M NaOH added
	
	

	Steps
5 & 6
	
	Initial Colour
	+1M NaOH
	+0.1M Ba(NO3)2
	+1M HCl

	
	0.1M K2CrO4
	
	
	
	

	Steps 
7 & 8
	
	Initial Colour
	+1M HCl
	+0.1M Ba(NO3)2
	+1M NaOH

	
	0.1M K2Cr2O7
	
	
	
	

	Step 
9
	
	0.1M K2CrO4
	0.1M K2Cr2O7

	
	Add 0.1M Ba(NO3)2
	
	


Questions
PART I
1. Explain, using LeChatelier’s Principle, the results obtained when 0.2M Fe(NO3)3 was introduced into the iron (III) thiocyanate ion equilibrium system. Support any and all explanations with your observations.
2. Explain, using LeChatelier’s Principle, the results obtained when 6.0M NaOH was introduced into the iron (III) thiocyanate ion equilibrium system. Include the formula of any precipitate that may have formed. Support any and all  explanations with your observations.
PART II

3. For the cobalt (II) complex equilibrium, is the forward or reverse reaction endothermic?  Support any and all explanations with your observations.
4. Rewrite the cobalt (II) complex equilibrium with “energy” on the appropriate side. Introduce the reaction with a sentence.
5. Predict and explain how the addition of NaCl would affect the cobalt (II) complex equilibrium.  

PART III

6. In which direction does the addition of 1M HCl shift the equilibrium?  Explain in terms of LeChatelier’s Principle and support explanations with your observations from Steps 2, 3, and 4.

7. In which direction does the addition of 1M NaOH shift the equilibrium? Explain in terms of LeChatelier’s Principle and support explanations with your observations from Steps 2, 3, and 4.

8. The Ba2+ ion forms a precipitate (solid) with one of CrO42- or Cr2O72-. Explain which one, using your step 9 observations for support.
9. Using your answer from question #8, explain your observations each time you added something new in steps 5 & 6. 
10. Using your answer from question #8, explain your observations each time you added something new in steps 7 & 8.

Conclusion
1. State the effect on the position of an equilibrium due to a change in concentration of a reactant or product.

2. State the effect on the position of an equilibrium due to a change in temperature.

*This experiment is based on Experiment 19A in Heath Laboratory Experiments.

Supplementary Information for the ‘Investigating Equilibrium’ Experiment
Part I

The reagents you add to your equilibrium system are all ionic in nature. Therefore, the ionic compounds are actually dissociated.

For example, KCl(aq) is actually already dissociated into K+(aq) and Cl-(aq)
Fe(NO3)3(aq) is actually Fe3+ and NO3-
etc.

If a shift does occur in the equilibrium, it will be due to only one of the two ions you added. You have to figure out which one, and how it affected the equilibrium. The colour change observations should help you determine the shift direction. If no shift occurs, neither ion has an effect on the equilibrium.

OH- is low solubility with Fe3+, meaning they will form a precipitate (solid) together. This should help for determining results from test tube E.
Part II

After step 1 of the procedure, you have two beakers with predominantly 

Co(H​2O)​62+; meaning that the left side of your equilibrium is favoured. This is because the ionic CoCl2(6H2O actually dissociates into Co(H​2O)​62+  and 2Cl-.
When you add HCl(aq) in step 2, you are actually adding H+(aq) and Cl-(aq).  How would this increase in Cl- affect your equilibrium?

In step 4, when you add water, you are diluting Cl‑, thereby decreasing [Cl-]. How would this decrease affect your equilibrium? The colour change should help determine the shift.
Part III

The reagents you add to your equilibrium system are all ionic compounds. Therefore, the ions are actually dissociated.

For example, when adding HCl(aq), you are actually adding H+(aq) and Cl-(aq). How will the added H+(aq) affect your equilibrium? The colour change should help determine the shift direction. When adding NaOH(aq), you are actually adding Na+(aq) and OH-(aq). The OH-(aq) will affect your equilibrium as it will react with H+ to make water, thereby decreasing [H+]. How will this decrease affect your equilibrium? The colour change should help determine the shift direction.
