Table 1.  Observations and Discussion

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

When colourless, transparent concentrated ammonia (NH3) with a strong odour like that of hair dye was added to 0.1 mol/L of light blue, transparent and odourless copper sulphate (CuSO4), it resulted in the formation of a violet cobalt blue solution with a hint of ammonia smell. The initial light blue colour was due to the copper water complex and the dark blue colour was due to the formation of copper ammonia complex. The added colourless, transparent, odourless HCl reacted with the ammonia present in the solution, therefore removing the ammonia and moving the equilibrium reaction in the reverse direction to reform the light blue copper water complex. The opaque, cloudy baby blue solution that appeared in the middle was probably due to the formation of ammonium chloride complex when ammonia and hydrochloric acid reacted.





	
2AgNO3 (aq)  +  Na2CO3 (aq)    Ag2CO3 (s)  +  2 NaNO3 (aq)

The combination of colourless, transparent, odourless sodium carbonate with the colourless, cloudy, odourless silver nitrate produced an opaque, odourless solution of dark cream colour. The dark cream colour is a result of the formation of sodium nitrate. There were probably also silver carbonate precipitate present, but it was not visible due to it being obscured by the dark colour of NaNO3. 




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

When the colourless, transparent, odourless nitric acid was added to the dark cream solution formed after mixing AgNO3  and Na2CO3, the solution turned clear, transparent, with small, white precipitate. The hydrogen ion came from HNO3. Its hydrogen ions reacted with the carbonate ions from the Na2CO3 to form carbonic acid. The carbonic acid further divided into water and carbon dioxide. The left over water explains why the solution turned from dark cream to transparent, colourless. 





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

HCl is an odourless, transparent, and colourless solution. When it was added, the above solution became milky, opaque, and the precipitate was more visible. The milky, opaque solution is a result of AgCl precipitate formation. 




	
Ag+ (aq) +  2NH3 (aq)    [Ag(NH3)2]+ (aq)

Addition of clear, transparent, colourless ammonia, turned the solution completely transparent, and the precipitate disappeared. This means that the silver chloride ions dissolved in ammonia. The precipitate became soluble. 





	
H+ (aq)  +  NH3 (aq)    NH4+ (aq)

When HCl was added in the tube, the solution turned milky and opaque. This is due to the insolubility of the precipitate to dissolve in the acid. Addition of ammonia turned back the solution transparent and clear.  





	
Ag+ (aq)  +  I- (aq)   AgI (s)

KI is a transparent, odourless, colourless solution. Addition of KI into the test tube created opaque, pastel yellow solution. This is the result of precipitate formation AgI (s). The precipitate formed due to the reaction quotient being bigger than the Ksp vale of silver iodide which is 8.5x10-17.






	
2Ag+ (aq)  +  S2- (aq)   Ag2S (s)

Na2S is a colourless, transparent solution with a rotten egg smell. Addition of sodium sulphide formed a opaque black solution with hair dye smell. Addition of sulphide caused the reaction to form Ag2S (s). The black colour is indicative of the precipitate formed. 



	
CH3COOH (aq)  +  H2O (l)    H3O+ (aq)  +  CH3COO- (aq)

CH3COOH was transparent, without colour and had a vinegar like smell to it. In contrast, the universal indicator was red, and opaque. When both solutions were combined, a clear, red-orange solution formed with a pH of 2. After NaCH3COO was added, the solution became transparent orange with a pH of 5. The sodium ion is not in the above equation since it is a spectator, thus it does not partake in the reaction. The pH of the buffer was 4.74 as show in the calculations section. The pH of distilled water had pH of 6 and was reddish orange after adding the universal indicator. Combination of HCl into buffer resulted in pH of 4 and still maintained the reddish orange colour. In contrast the addition of HCl into water had a pH of 3 and reddish orange in colour. When NaOH was added to buffer, the solution became yellow and had a pH of 6. The well with NaOH and water was purple and had a pH of 12. 


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

The solution in the test tube turned dark blue after mixing pink, transparent CoCl2 together with HCl. The blue colour is due to the formation of the CoCl4 complex. When distilled water was added, the solution turned light pink and transparent. Putting the test tube in boiling water, there was no big change with the solution becoming darker, wine red. The red wine colour signifies that the reaction went left when boiled.


	
4 Br - (aq)  +  [Cu(H2O)4]2+ (aq)    [CuBr4]2- (aq)  +  4 H2O (l)

CuBr was a black, sparkly, coarse powder. Addition of 5 drops of distilled water turned it light green and transparent. Another 10 drops turned the solution light blue and transparent. After another 2mL, the solution stayed the same transparent light blue. KBr was a whitish, fine grain. When water was added to it, the solution became transparent and the grains dissolved. After immersing the test tube into the boiling bath, there was not a huge change, still remaining light green and transparent. The heat made the reaction go right since the right side of the reaction was green and the left more blue in colour. 




Calculations:

1. pH of pure water = 7.0

2. pH of buffer =  4.74

Ka acetic acid = 1.8  x 10-5

[CH3COOH]f = (0.1 mol/L) (10 drops/20 drops) = 0.05 mol/L = [CH3COO-]

pH= pKa + log  
pH= pKa + log  
pH= pKa + 0
pH= - log Ka
pH= - log (1.8  x 10-5)
pH=  4.74

3. pH water and acid = 1.70

[HCl]f = [HCl]f   = (0.1 mol/L) (5 drops/25 drops) = 0.02 mol/L
pH= - log 0.02
pH= 1.70

4. pH water and base = 12.30

[NaOH]f = [NaOH]f   = (0.1 mol/L) (5 drops/25 drops) = 0.02 mol/L
pOH= - log 0.02
pOH= 1.70
pH= 14 – 1.70
pH= 12.30

5. pH buffer and acid = 4.26

HCl  (aq)                  +         CH3COO- (aq)                 CH3COOH(aq)  +        Cl- (aq)
	0.1 M()     0.05 M()		0.05 M()	-

I	0.02			0.04			0.04			-

C	-0.02			-0.02			+0.02			-

E	-			0.02			0.06			-

pH= pKa + log  
pH= 4.74 + log  
pH= 4.26


6. pH buffer and base = 5.22

NaOH  (aq)             +         CH3COOH (aq)              CH3COO- (aq)  +       Na+ (aq)  + H2O(l)
	0.1 M()     0.05 M()		0.05 M()	-	-

I	0.02			0.04			0.04			-	-

C	-0.02			-0.02			+0.02			-	-

E	-			0.02			0.06			-	-

pH= pKa + log  
pH= 4.74 + log  
pH= 5.22

7. pH of water and acid – pH of water

pH= 1.70 – 7.0
pH = -5.3

8. pH of water and base – pH of water

pH= 12.30 – 7.0
pH = 5.3

9. pH of buffer and acid – pH of buffer

pH= 4.26 – 4.74
pH = - 0.48

10. pH of buffer and base – pH of buffer

pH= 5.22 – 4.74
pH = 0.48
 
Conclusion:
In part one of the lab, equilibrium shift, when a reactant was removed or added, the equilibrium reaction shifted in different directions. In the buffer section, the buffer solution was proven to be very efficient. When acid or base was added to water, the pH changed drastically. However, when they were added to buffers, the pH changed minimally. In the common-ion effect section, precipitates formed and stopped ionization.  When solutions were heated, it moved the reaction to either the left or right whichever way it favoured. In conclusion, addition of a molecule, heat, or buffer changed the direction the equilibrium reaction. 
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