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Table 1.  Observations and Discussion

	
[Cu(H2O)4]2+ (aq)  +  4 NH3 (aq)    [Cu(NH3)4]2+ (aq)  +  4 H2O (l)

 Obervations
-The CuSO4 was transparent with a light blue tint. Once the NH3 was added, the colour of the solution changed dramatically to a dark blue. 
-The first few drops of HCl changed the above solution to a cloudy light blue, and adding 2 more drops caused it to return to a completely transparent solution. 
-Repeating the steps again resulted in the same changes. 

Discussion
The chemistry behind the colour change from light blue to dark blue was the mixing of the CuSO4 and NH3 to form the [Cu(NH3)4]2+ ion. After the mixture, the equilibrium shifted to the right due to excess reactants. 
When the concentrated HCl acid was added, it consumed the NH3 base, and the loss of reactants caused the equilibrium to shift back to the left, thus returning the solution to its light blue tint. 
As expected, repeating the addition of the NH3 or HCl to the solution in the same order resulted in the same series of colour changes, as NH3 shifted the equilibrium to the right (dark blue) and HCl shifted it to the left (light/transparent blue).  

	
2AgNO3 (aq)  +  Na2CO3 (aq)    Ag2CO3 (s)  +  2 NaNO3 (aq)
Observations
-The initial colour of the Na2CO3 was transparent. After the AgNO3 was added, the solution became cloudy. 

Discussion
The cloud that formed in the solution after the addition of AgNO3 can be explained by the equation, which shows that a precipitate formed due to the double displacement that occurred. 

	
2 H+ (aq)  +  CO32- (aq)    H2CO3 (aq)    H2O (l)  +  CO2 (g)

Observations
-After adding just one drop of HNO3, the solution turned transparent. 

Discussion
The addition of HNO3 dissociated Ag2CO3, the precipitate that formed the cloud, because the CO32- bonded with the H+ ions. 


	Ag+ (aq)  +  Cl- (aq)    AgCl (s)

Observations
-A couple of drops of HCl returned the mixture to its initial cloudy white colour.


Discussion
The HCl dissociated and the Cl- ion bonded to the Ag+ ion, causing another precipitate to form and cloud up the solution. As a result of the ions bonding, the equilibrium shifted to the left.


	
Ag+ (aq) +  2NH3 (aq)    [Ag(NH3)2]+ (aq)
Observations
-A single drop of NH3 once again turned the solution transparent. 

Discussion
The NH3 cleared up the precipitate cloud once again by dissociating the AgCl and bonding with the resulting Ag+ ion. The equilibrium shifted right due to the dissociation of the precipitate.


	
H+ (aq)  +  NH3 (aq)    NH4+ (aq)
Observations
-Repeating the addition of HNO3 turned the solution to a cloudy white, and repeating the addition of NH3 changed it back to almost complete transparency.

Discussion
Initially, the HNO3 addition steamed up the tube, which caused the cloudy white formation.
Then, when the NH3 was added the leftover H+ ions from the earlier dissociation of HCl bonded with it to form aqueous NH4+, returning the solution to mostly transparent. 


	
Ag+ (aq)  +  I- (aq)   AgI (s)
Obervations
-The addition of KI turned the above solution to a cloudy white with a very light green tint. A precipitate also formed and an egg-like scent was apparent. 

Discussion
The KI dissociated and the I- ion bonded with the Ag+ ion to form the observed precipitate. The precipitate floated in the aqueous NH4+, which was still present.

	
2Ag+ (aq)  +  S2- (aq)   Ag2S (s)
Observations
-The drops of Na2S changed the solution to a transparent grey, while at the same time turning the precipitate black.

Discussion
The S2- ion replaced the Iodine in the precipitate, which was the most likely cause of the colour change of the precipitate to black. 

	
CH3COOH (aq)  +  H2O (l)    H3O+ (aq)  +  CH3COO- (aq)
Observations
-The CH3COOH from each well turned the pH paper orange, a 3 on the pH scale. 
-The addition of NaCH3COO coloured the pH paper a shade of green, or a 6 on the pH scale.
-The HCl changed the distilled water solution to a 2 on the pH scale and the buffer solution to a 3.
-The NaOH changed the distilled water solution to a 12 on the pH scale, while the buffer remained at a 3.

Discussion
-The addition of HCl to each well increased the concentrations of H+ ions, therefore the equilibrium shifted to the left in order to consume the excess H+. The excess ions also lowered to pH of the solutions. 
-The effect of NaOH was much more powerful in the distilled water solution compared to the buffer solution, which proves how effective buffer solutions are in preventing significant shifts in pH levels when adding acids or bases to a solution.


	
4Cl- (aq)  +  [Co(H2O)6]2+ (aq)    [CoCl4]2- (aq)  +  6 H2O (l)
Observations
-Before mixing, the CoCl2 is pink with an air bubble formed in the middle. Concentrated HCl is clear with a strong odour. 
-After adding just over a dozen drops of HCl to the CoCl2, the colour changed from pink to a dark and cloudy purple. The strong odour was still present.
-After dropping the distilled water into the above mixture, it returned to the bright pink colour observed prior to adding the HCl. The strong smell has dissipated.  
 
Discussion
The strong odour was a result of the corrosiveness of the HCl. 
When HCl was added to to the reaction, the addition of the Cl- ions present in the reactants caused the equilibrium to shift toward the products.  
Since H2O was present on the right side of the reaction, the addition of distilled water shifted the equilibrium back to the left, and returned the solution back to its original light pink appearance.


	
4 Br - (aq)  +  [Cu(H2O)4]2+ (aq)    [CuBr4]2- (aq)  +  4 H2O (l)
Observations
-5 drops of distilled water added to CuBr2 caused the added water to turn black. Adding 10 more drops caused the CuBr2 to dissolved completely. The liquid is completely black.
-After adding drops of distilled water until the volume reached 2 mL, the mixture rapidly turned to a transparent green. 
-The KBr crystals were white. Once the water was added and they dissolved, the mixture was completely transparent. 
-Once the solution was transferred to the test tube and more solid KBr was added, the solution turned dark brown. 
-The heat of the boiling water caused the above solution to turn from brown to a dark red. 
-The heat of boiling water turned the semi-transparent pink CoCl2 to a very dark red.

Discussion
The addition of distilled water to the solution shifted the equilibrium toward the reactants as a result of H2O being present on the right side of the reaction. The addition of water also dissolved the CuBr2, resulting in the solution turning black, followed by green once all of the [CuBr4]2+ was used up.

Separately heating the KBr and CoCl2 turned both solutions to a red. In the KBr solution, this likely meant that the H2O was turned to steam and escaped the tube, leaving only the reddish colour of cobalt apparent. The CoCl2 reaction was endothermic, and the heat of the boiling water sped up the process of reaching equilibrium. 



Calculations:

If we assume 5 drops to equal 0.25 mL, calculate the change in the pH of the buffer and the change in the pH of the water upon addition of 5 drops of 0.1 M HCl and 5 drops of 0.1 M NaOH.

pH of H2O: 7.0 (known)

pH of buffer: CH3COOH (aq)  +  H2O (l)    H3O+ (aq)  +  CH3COO- (aq)
	
10 drops of CH3COOH = 0.5 x 0.1 mol/L = 0.05 mol/L       
20 drops total

10 drops of CH3COO-  = 0.5 x 0.1 mol/L = 0.05 mol/L
20 drops total                                                                

pH = pKa + log [A-] 
                         [HA]
pH = -log [H+]
pOH = -log [OH-]
pKa = -log Ka

Ka (CH3COOH) = 1.8 x 10-5

pH buffer = -log (1.8 x 10-5) + log (0.05 mol/L) = 4.74
                                                            (0.05 mol/L)

pH of H2O with acid:
(HCL)initial = 0.1 mol/L                                VH20 = 20 drops                                    CiVi = CfVf
Vinitial = 5 drops                                         Vfinal = 25 drops                                   

(0.1 mol/L) x 5 drops = Cf x 25 drops
Cf = 5 drops   x 0.1 mol/L
       25 drops
(HCl)final = 0.02 mol/L = (H+)
pH = -log [H+] = -log (0.02) = 1.70

pH of H2O with base:
(NaOH)f = 0.1 mol/L x 5 drops
                                        25 drops
=0.02 mol/L = [OH-]
pOH = -log [OH-] = -log (0.02) = 1.70
pH = 14 – 1.70 = 12.3

pH of buffer with acid 
HCl = 0.10 mol/L x (5 drops)    = 0.02 mol/L
                                (25 drops)
[CH3COO-] = 0.05 mol/L x 20 drops = 0.04 mol/L
                                               25 drops
CH3COOH = 0.05 mol/L x 20 drops = 0.04 mol/L
			    25 drops		

   CH3COO-     +        HCl           CH3COOH    +    Cl-
I   0.04 mol/L     0.02 mol/L        0.04 mol/L          -
C  -0.02 mol/L  -0.02 mol/L       +0.02 mol/L       -
E  0.02 mol/L     0.00 mol/L        0.06 mol/L        -

pH = pKa + log [A-]
                           [HA]
= 4.74 + log (0.02 mol/L)
                           (0.06 mol/L)
= 4.26

pH of buffer with base:
NaOH = 0.10 mol/L x (5 drops)    = 0.02 mol/L
                                      (25 drops)
CH3COOH = 0.10 mol/L x (10 drops) = 0.04 mol/L
                                              (25 drops)
[CH3COO-] = 0.10 mol/L x (10 drops) = 0.04 mol/L
                                                (25 drops)

   NaOH    +     CH3COOH        CH3COO-    +     H2O
I   0.02 mol/L   0.04 mol/L       0.04 mol/L            -
C -0.02 mol/L  -0.02 mol/L     +0.02 mol/L          -
E  0.00               0.02 mol/L      0.06 mol/L           -

pH = pKA + log [A-]
                           [HA]
= 4.74 + (0.06 mol/L)
                (0.02 mol/L)
= 5.22

Change in pH of water with addition of acid: 7.00 – 1.70 = 5.30
Change in pH of water with addition of base: 7.00 – 12.3 = -5.30
Change in pH of buffer with addition of acid: 4.74 – 4.26 = 0.48
Change in pH of buffer with addition of base: 4.74 – 5.22 = -0.48

 Conclusion:
Increasing or decreasing the concentration of a reactant or product will change the position of the reaction’s equilibrium. Buffers are used to minimize the effects that the addition of an acid or base has on the pH level of a solution. The common ion effect influences the equilibrium by decreasing the solubility of the solute.  Finally, temperature affects the equilibrium by increasing the speed at which the reaction occurs, thus helping the reaction to reach equilibrium faster.
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