Le Chatelier’s Principle

Purpose


To study the effect of changing the temperature, the concentration of the reactants and products on the direction of shift for an equilibrium system. 

Introduction

Le Chatelier’s Principle states that 

A Stress Ion is an ion 

A Spectator ion is 

H+
+
OH-

→


BaCrO4(s) has low solubility.

BaCr2O7(aq) has high solubility.

Data and Observations




1)
 Thymol Blue (blue)     +    H+   ⇌ 
Thymol Blue (yellow)
Add 2.0 mL of thymol blue and 18 mL of distilled water to a clean 50 mL beaker. Pour about half into two 25 mL test tubes. One test tube is a control, so don't add anything to it.  To the other test tube add 0.1 M HCl, one drop at a time and record the colour change. Look at the above reaction and make sure you understand the change in terms of Le Chatelier's Principle. Now add 0.1 M NaOH until the change is reversed and the original colour is back. 
Reagent
     

Stress ion
Spectator      
Observation   
Direction 

Added                               


ion                          

of shift

HCl   


                       
                      
                      


NaOH 

       
                       
                      
                      


2) Chromate and Dichromate Complexes
Energy   +  2CrO42-  +  2H+   ⇌  Cr2O72-   +    H2O(l)

Ba2+
+CrO42-
   →
BaCrO4(s)
                     Yellow
            Orange
1.
Add 2.0 mL of K2CrO4 in a test tube. Add 5 drops 1.0 M HCl.
2.
Add 2.0 mL of K2Cr2O7 in a test tube. Add 5 drops 1.0 M NaOH.
Reagent
     


Stress ion
Spectator      
Observation   
Direction 

Added                               



ion                          

of shift

1.
HCl      


                       
                      
                      


           
2.
NaOH 


                      
                      
                       




          
3.
Add 2.0 mL of K2CrO4 in a test tube. Add 5 drops 1.0 M NaOH.  Add 5 drops of Ba(NO3)2 to the test tube. 
Observation










4.
Add 10 drops of 6.0 M HCl to the above test tube. 
Observation










5.
Add 2.0 mL of K2Cr2O7 in a test tube. Add 5 drops 1.0 M HCl. Add 3 drops of Ba(NO3)2. 
Observation










6.
Add 5 drops of 6.0 M NaOH to the above test tube. 
Observation










3) 
Fe3+(aq)
   +   SCN-(aq)
 ⇌ 
FeSCN2+(aq)
            Fe3+(aq)    +    3OH-    → 
 Fe(OH)3(s)
yellow



brown

Add 1.0 mL FeCl3 and 1.0 mL KSCN to a clean 100 mL beaker. Fill to about the 100 mL mark with distilled water. Pour about 2 cm into 5 different 10 mL test tubes. The equilibrium above and to the left is now established. Add 6 drops of each reagent below, one reagent to each test tube. Look at the above reaction and make sure you understand the change in terms of Le Chatelier's Principle. For NaOH, the reaction on the right happens which affects the equilibrium on the left. 

Reagent
     

Stress ion
Spectator      
Observation   
Direction 

Added                               


ion                          

of shift

KCl      


                       
                      
                      


           
Fe(NO3)3 

                      
                      
                       




          
KSCN   


                      
                      
                       


           
NaOH  (1.0 M)


                      
                      
                       

 
4) 
Co(H2O)62+  +  2Cl-  
⇌   Co(H2O)4Cl22-   +    2H2O(l)
pink



blue

Measure approximately 1/3 of a white level spoonful of CoCl2 and 10 mL of 6.0 M HCl (caution- extremely corrosive) and 5.0 mL distilled water into a 125 mL Erlenmeyer flask. Put the flask on a hot plate in the fumehood  and turn the dial to level 4. After the colour changes cool the flask in a 500 mL beaker with 200 mL of cold tap water in it. Is this reaction exothermic or endothermic?
              
Stress             


Observation      

Direction of shift

Increase temperature  


      
           
 

                    
    
Decrease temperature  

                  
           
 

     
5) Equilibrium Involving Copper 11 complexes
Cu(H2O)42+  +  2NH3   ⇌ 
 Cu(OH)2(s)   +    2NH4+    +  2H2O

 light blue

 powder blue

Cu(OH)2(s) +  
 4NH3   ⇌
Cu(NH3)42+   +    2OH-
powder blue


violet

1.
Place 2 mL of  CuSO4 in a 10 mL test tube- record the colour. 
2.
Add 3 drops of NH3
3.
Add more NH3 until another change occurs.

4.
Add 6.0 M HCl until the original colour but lighter is present.

       
CuSO4  (1)     

3 drops NH3 (2) 

more NH3  (3)

HCl (4)

Color 
          

         
                
         
               




      

When you answer these questions write any relevant equations and include the colors of each chemical species. Convince me that you know and understand what you are talking about. Use Lechatelier’s Principle. 
1. 
Explain the colour changes observed when Fe(NO3)3, KSCN, and NaOH were added to the iron thiocyanide equilibrium system. Start by writing the equilibrium equations.

2. 
Explain the colour changes observed when HCl and NaOH were added to the thymol blue equilibrium system. Start by writing the equilibrium equations.
3. 
Is the cobalt equilibrium system an endothermic or exothermic reaction? Explain! Start by writing the equilibrium equations.

4. 
Explain what would happen if NaCl were added to the cobalt equilibrium system. 

5. 
Explain the colour changes observed when HCl and NaOH were added to the chromate-dichromate equilibrium system. Start by writing the equilibrium equations.

6. 
HCl and then Ba(NO3)2 was added to the chromate-dichromate equilibrium system and no precipitate formed. When NaOH was added a precipitate of BaCrO4 formed. Explain these results. Start by writing the equilibrium equations.

Conclusion

· State that Lechatelier’s Principle was found to be supported by the evidence observed in this experiment.

· State Lechatelier’s Principle.

· Explain how Lechatelier’s Principle can be used to predict the shift after adding or removing a reactant or product in an equilibrium system.

· Explain how Lechatelier’s Principle can be used to predict the shift when heating or cooling an endothermic or exothermic equilibrium system.

· Discuss stress and spectator ions.

· Discuss how adding an acid can be used to lower the concentration of a base- include a net ionic equation

· Include any other relevant discoveries. 

· Your report should be typed, spell-checked, and in a Duotang. They will not be accepted if they are not in a standard Duotang. 

