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[bookmark: _GoBack]Table 1. Observations and Discussion

	
Equilibrium Shift:

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

The initial conditions of this sub-experiment were stable and observable. The Cu(H2O)4]2+ (aq) was a translucent liquid with a light blue tinge, it was odorless. As the NH3 was added drop wise the new solution that formed was quite different. As drops of clear, colorless strongly pungent NH3 (3 drops) were added the solution became progressively more opaque and was a deep royal blue in color. The strongly pungent smell was very noticeable. This would be because the new solution of [Cu(NH3)4]2+ (aq) had reached an equilibrium and would not change further. The light blue colour can be explained by the [Cu(H2O)4]2+   (aq) complex while the deep royal blue colour can explained by the [Cu(NH3)4]2+  (aq) complex. 

In the latter part of this sub-experiment we were required to add 1 mol/L HCL drop wise until we noticed a change to our [Cu(NH3)4]2+ (aq) solution from part 1. The HCL appeared clear, colourless and had a slight pungent smell. After 5 drops of the HCl it became apparent that the solution was transitioning from the royal blue color to a more translucent shade. After approximately 25 drops of the HCl was added the solution turned back to being translucent with a slight tinge of blue. There was no change in smell during this process. Le Chatelier’s Principle can explain the reasoning for this occurrence. The addition of HCl decreases the NH3 in the reaction mixture, which caused the reaction to go back towards the products. Moreover, the addition of HCL to the [Cu(NH3)4]2+  (aq) forced the equation back to[Cu(H2O)4]2+ (aq) . This explains why the solution returned to its translucent light blue color (it returned to [Cu(H2O)4]2+ (aq) due to a reverse reaction.). 

As requested the steps above were repeated: adding NH3 then adding HCl. The changes in observations were the same as before. The solution transitioned from a dark royal blue with the addition of NH3 then back to the translucent blue with the addition of HCl. That said, more drops were required for each repeition in order for the solutions to change. This is expected because of the increase in concentration of all compounds present in the solution. The increase in concentrations of all the compounds increased the activation energy required to cause the reaction to proceed and reach a new equilibrium. 

No other noticeable observations occurred during this sub-experiment. 






Multiple Equilibria: 

2AgNO3 (aq)  +  Na2CO3 (aq)    Ag2CO3 (s)  +  2 NaNO3 (aq)
The initial conditions of this sub-experiment were observable and stable. The Na2CO3 and AgNO3 were colorless, translucent and odorless. That said, once 0.5mL of the AgNO3 (aq) was added to the 0.5mL of the Na2CO3 (aq), the new mixture gradually turned to a milky brown color that was opaque. The reasoning for the change in observation is because this reaction favored the products. Moreover, Ag2CO3 began to form within the solution making it the opaque, milky brown color. 

No other notable observations occurred during this sub-experiment. 

2 H+ (aq)  +  CO32- (aq)      H2CO3 (aq)      H2O (l)  +  CO2 (g)
During the continuation of the previous experiment, we were required to add HNO3 to the previous solution. Clear HNO3 was added to the milky brown solution and after just 5 drops the solution turned clear. It was also noted that a fait gas was expelled from the solution. It can be deduced that this gas was indeed CO2 as seen in the equation above. The reasoning for this observation can be explained the reaction between the HNO3  and the CO32- . The HNO3 caused a dissociation of the CO32-, creating water and carbon dioxide. This explains the clear solution that formed as well as the gas that was released. 

No other notable observations occurred during this sub-experiment. 

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

In addition we added 0.1mol/L HCl to the clear solution created above. After 5 drops of the HCl the solution changed from perfectly clear to a cloudy, opaque white. This can be explained by the addition of Cl- ions supplied by the HCl. The addition of the Cl- caused the solution to shift towards the right and AgCl  (s) began to form. The AgCl is a solid and can explain the cloudy white color that was formed by the reaction.

No other notable observations occurred during this sub-experiment. 

Ag+ (aq) +  2NH3 (aq)    [Ag(NH3)2]+ (aq)
The next step in this sub-experiment was to add NH3  (aq) until we saw a change from the cloudy white solution described above. After 7 drops of the NH3 (aq) the solution returned to a perfectly clear appearance. This change in observation can be explained by the NH3 forcing a reaction with the Ag ions, resulting in the formation of [Ag(NH3)2]+ (aq). 
No other notable observations occurred during this sub-experiment. 
H+ (aq)  +  NH3 (aq)    NH4+ (aq)
To continue the experiment, we were directed to repeat the 2 previous reactions (including the addition of HNO3 followed by the addition of NH3. The addition of 20 drops of HNO3 resulted in the formation of a cloudy white solution, followed by the addition of 15 drops of NH3, which resulted in the formation of a clear solution (that smelt pungent like NH3). Therefore the same results were achieved in comparison to the primary results (before repeating the steps). The only difference being that after each repetition the quantity of each chemical added increased in order to meet a new equilibrium. The solution smelt like NH3.
No other notable observations occurred during this sub-experiment. 
Ag+ (aq)  +  I- (aq)     AgI (s)
After repeating the steps above, we were required to add KI (aq) drop wise to our solution until we observed a change. After adding 6 drops of the KI the new solution assumed a cloudy white colour. The equation above explains this; as KI was added silver iodide formed. The solid silver iodide was responsible for the cloudy white solution. The solution still had the smell of the NH3. 
No other notable observations occurred during this sub-experiment.
2Ag+ (aq)  +  S2- (aq)    Ag2S (s)
Finally, for the last step in this sub-experiment we added Na2S (aq) to the cloudy, white solution described above, until a change was observed. After 5 drops were added to the solution, the solution immediately turned to a dark brown colour that was opaque. This occurred because of the common ions between the sodium sulphide and the silver that was present. The solution still smelt of NH3. 
No other notable observations occurred during this sub-experiment.


	
Preparation and Testing of a Buffer Solution

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

The initial conditions of this sub-experiment were quite observable and stable. The CH3COOH (aq) and the NaCH3COO (aq) were both clear. The universal indicator was its typical reddish colour. No substances gave a noticeable odor. After 3 drops of universal indicator were added to each of the wells containing the CH3COOH both turned to a red/orange colour. The pH of the CH3COOH appeared to be approximately 3 on the pH paper. 

Subsequently, ten drops of NaCH3COO were added to each of the two wells. After the drops the solution became slightly lighter in color and more translucent. Hypothetically the addition of NaCH3COO should have resulted in a more basic solution, and it should have also changed the molecularity to form a buffer. This can be explained by the reaction between CH3COOH and NaCH3COO and the formation of H3O+ (aq) and CH3COO- (aq) (which is the conjugate base of the acetic acid). The pH of the two wells was tested and was measured to be 4 on the pH paper. This corresponds to the theory that a more basic solution should have been produced by the reaction.

Next, distilled water was added to two different wells. The distilled water had a normal appearance, and it was clear and odorless. Universal indicator was added to the two wells containing the distilled water. Once again the pH was measured for; the pH paper gave a reading of 6 for each of the wells. This can be expected from water, as it is slightly acidic due to its formation (the organic compounds within it). 

In continuation, HCl (aq) was added to one of each well (one well containing distilled water and one well containing the NaCH3COO and CH3COOH). The indicator aided to reflect the change of the HCl. The solution containing the acid and the buffer had a pH of 4, and it had a light read colour. The well containing the distilled water turned to a darker red colour and had a pH value of 3 on the pH paper. This result is expected because the solution containing the buffer has the ability to moderate and limit the impact of the acidic HCl that was added. The distilled water doesn’t have this capability so its pH will be more severely affected. 

Finally, NaOH (aq) was added to the other wells that remained unaltered (one with the distilled water, one with the acid-buffer solution). Drop wise, 5 drops of NaOH were added to the distilled water, resulting in the formation of a dark purple solution. The pH value was determined to be 13. 5 drops added to the acid and buffer solution turned the red translucent solution to an orange-translucent solution. The pH value was determined to be 5. In summary, these results demonstrate the effect of a buffer within a solution. Moreoever, the buffer within the acid-buffer solution moderated the impact the addition the NaOH could have on changing the pH value of the solution. On the other hand the distilled water doesn’t have this ability so its pH value was impacted and it resulted in a very basic solution.

No other notable observations occurred during this sub-experiment. 


	
Common-Ion Effect

4Cl- (aq)  +  [Co(H2O)6]2+ (aq)    [CoCl4]2- (aq)  +  6 H2O (l)
The initial conditions of this sub-experiment were quite observable and stable. The CoCl2 (aq) appeared to be a translucent magenta colour with no apparent smell. 
Firstly, 12 mol/L HCl was to be added to the CoCl2. After just 3 drops of the 12M HCl the solution turned to a dark purple colour with a slightly pungent (acidic) smell. This observation occurred because of the Cl- ions, which are common within the HCl and CoCl2 compounds. According to Le Chatelier’s principle the common ions within the compounds result in a shift in equilibrium, which explains the change in colour. 
In the next step distilled water was to be added to the solution until a change was observed. After 12 drops of distilled water were added to the solution, the solution returned to the translucent, magenta colour that it began as. This observation illustrated the common ion effect. The excess ions that were present within the solution combined with the positively charged ions from the distilled water causing a change in equilibrium of the solution once again. 
No other notable observations occurred during this sub-experiment.

	
Temperature Effect

4 Br - (aq)  +  [Cu(H2O)4]2+ (aq)    [CuBr4]2- (aq)  +  4 H2O (l)
Next, a pinch of solid CuBr2 was added to an empty well in the well plate. The solid was granulated, and a metallic black in colour. There was no apparent odor.

5 drops of distilled water were added to the well containing the CuBr2. After 5 drops were added the solid began to dissolve and form a yellow-green colour. After enough drops were added to amount to 2mL within the well, the solid was totally dissolved and the solution was a translucent aqua-blue. This was due to the increased concentration of distilled water, as it resulted in the solid being dissolved. This can be explained by the common ion effect.

In another well, a few crystals of KBr were added. The KBr was coarse in granulation and was white in colour with no apparent smell. Distilled water (50 drops) was added to the well and the KBr dissolved in the water and the solution appeared translucent with no reminisces of the solid. Once again the common ion effect resulted in the solid KBr being dissolved within the distilled water. 

In continuation, we placed approximately 0.5mL of the CuBr2 solution (described above) to a test tube. Following this we added a pinch of KBr solid to the test tube. As the KBr dissolved there wasn’t a noticeable change in terms of colour or smell. That said, when it was placed in the water bath the solution completely changed and changed colours to an opaque gold. This occurred in approximately 5 seconds. The addition of heat in this case forced the left in order to reach equilibrium.

Next, we added approximately 1 mL of 1M CoCl2 to a test tube. The CoCl2 had a pinkish/red colour with no distinct smell. Once in the hot water bath the solution turned to a dark pinkish/red colour. Also, shortly after it was placed in the bath a curious blue vapor began accumulating on the sides of the test tube and then disappeared. Once it disappeared it was assumed that equilibrium had been reached. The colour intensification change can be explained the increase in heat which resulted in more active ions within the solution. 

No other notable observations occurred during this sub-experiment. 





Calculations:

 *
*As per instruction of Dr. Venkateswaran

Using Henderson-Hasselbalch Equation:

pH of Buffer:


 
 





pH of Water and Acid:

[HCl]f = [HCl]i x  (Vi/Vf)
[HCl]f = 0.1 mol/L (5 drop / 25drop)
[HCl]f = 0.02mol/L
pH = -log[0.02]
pH = 1.7


pH of Water and Base

[OH]f = [OH]i x  (Vi/Vf)
[HCl]f = 0.1 mol/L (5 drop / 25drop)
[OH]f = 0.02mol/L
pOH = -log[0.02]
p0H = 1.7
pH = 14 – 1.7
pH= 12.3

	
	HCl
	CH3COO   
	CH3COOH
	Cl

	I
	[0.02]
	[0.04]
	[0.04]
	/

	C
	-0.02
	-0.02
	+0.02
	/

	E
	0
	[O.02]
	[0.06]
	/



pH = pka + log(0.02/0.06)
pH = 1.7x10-5 + log(0.02/0.06)
pH = 1.22

pH of buffer + base
pOH = pka + log(0.06/0.02)
pOH = 1.75x10-5 + log(0.06/0.02)
pOH = 0.48
pH = 13.52

Conclusion

In conclusion, through observation this lab effectively illustrated that a variety of external stimuli and reactions can affect the individual reaction equilibria; moreover, it provided opportunity to work on qualitative assessments of pH. 
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