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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)

This solution is an accurate example of Le Chateliers principle. This principle is based on the idea that the change of conditions will affect the direction of the equilibrium in order for the solution to stabilize itself. This is to say that the system will counteract the effect of the applied change (i.e. change in pressure, temperature, or volume) by shifting the equilibrium. In this case, Cu2+ is stabilized as it creates a complex with H2O, [Cu(H2O)4]2+ (aq), which gives the substance a light blue colour. Upon addition of 2 drops of NH3, the initial solution formed a new complex, [Cu(NH3)4]2+ (aq), thus the solution changed into a deep, clear royal blue colour with a pungent smell of very concentrated urine. This is due to the fact that when NH3 is added, the amount of products is increased shifting equilibrium to the right, thus more products are made in order to maintain the equilibrium. 
Afterwards, when 10 drops of HCl was first added, a precipitate was formed because the combination of anions and cations were not fully dissolved.  Thus, extra HCl was added for a total 19 drops of HCl were added the solution turned into an opaque, light blue homogenous colour, and the smell was neutralized.  This occurs because when HCl is added into the solution, the ionic concentration decreases as ammonia is removed, which then decreases the concentration of the reactants. Thus, to maintain equilibrium, a reverse reaction occurs, which mean the equilibrium shifts left, and more reactants (Copper) are made.
In the same order of ideas, when steps 2 and 3 are repeated, the same results are seen. This is because once again, more reactant is added, thus equilibrium shifts right to use up the added NH3. Then, when HCl is added, the reaction shifts left to produce more Copper reactant. 


	
2AgNO3 (aq)  +  Na2CO3 (aq)    Ag2CO3 (s)  +  2 NaNO3 (aq)
After addition of 10 drops of AgNO3 into a test tube containing 10 drops of NaCO3, a clear, colourless and odourless solution, the mixture turned into an odourless, opaque, dark tanned colour. This is due to do double reaction taking place and the ions involved. When sodium and silver switch places, a yellow precipitate of silver carbonate is formed. On its own, silver ion is brown coloured so when mixed with NaNO, which is yellow, the colour became a little lighter creating a brown-like solution.  


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

When 6 mol/L of HNO3 is added to the solution, the solution came back to its initial appearance. This is to say that it was transparent, clear ad odourless. This happens as the addition of this acid causes the initial reactant to dissociate into its ions and then resulting in the establishment of an equilibrium between the new substances CO2 and H2CO3. At the same time, the precipitate dissociates and CO2 escapes/ evaporates from the solution and H2O forms part of the new solution now leaving us once again with our initial substance AgNO3. 


	

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

Being a very acidic, when 2 drops of HCl is added to the clear solution, it changed into a very cloudy opaque white colour with a slight appearance of precipitate after left on the side for a couple of minutes. As HCl is a strong acid, It is able to dissociate the reactants creating a new product AgCl which is meant to be the slight precipitate that we have seen. 


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

When 6 drops of NH3 is added to the solution we can see that Ammonia gas is released as it is not soluble anymore. Also, the solution was cloudy on the bottom and clear on the top but after couple of seconds, it became completely clear again producing a very strong putrid smell. This happens because when NH3 is added to the solution, the silver chloride precipitate is dissolved which then leaves the Cl- ions as spectators, allowing the production of [Ag(NH3)2] + (aq) which is clear solution as the silver is the predominant element and it itself is clear. 
If steps 7 and 9 are repeated, the same changes are observed. It is expected for this to happen because when NHO3 is added to the solution, the ions dissociate again, creating an odourless, transparent solution. Likewise, when HCl is added, a very strong pungent odour is produced, while a cloudy but then clear solution is formed, as the silver chloride is mixed with a strong acid creating a precipitate which will then be broken down by the ammonia.  


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

When [Ag(NH3)2]+ (aq) is mixed with 4 drops of KI the solution changed into a slightly cloudy solution with a yellow finch and a significantly small smell of Ammonia. This is due to the fact that being a polar substance, the opposite ions of potassium iodide dissociate completely allowing its ions to mix with [Ag(NH3)2]+ (aq). Therefore, AgI (s) precipitate is formed. 

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

When 2 drops of Na2S is added into the solution containing AgI, the solution turned into an opaque black colour. A slight production of gas with a rotten eggs smell was seen. This smell is due to the addition of sulphur which in general is responsible for such a strong smell. 



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

Acetic acid is a colourless solution which turns into a diluted light red colour solution with no odour, when the universal indicator is added to it. This indicates an acidic PH of about 2-3. Thus, the PH tested in the lab for both of the wells is relatively the same. Therefore, in average we could say that the PH is 2 as the difference of colour seen in the test is very small. This result should technically be the same, however, the presence of unknown substance such as dust in the wells, could have affected the results. When NaCH3COO is added to the solution, a mix colour is produced ending in a bright orange. This solution created a buffer system between an acid, CH3COOH, its conjugate base, CH3COO-. The PH measured for this solution was 4. This change of PH corresponds well to the new solution created as NaCH3COO makes it to be more basic. After, the universal indicator was added showing a PH level of about 5-6. Which then means that the PH indicated by the paper doesn’t correspond with the PH indicated by the universal indicator. Although they are similar, error such us touching the PH paper for too long and from the wrong side, could have affected the results.  When mixed with distilled water, the Universal indicator shows a colour a dark orange colour which will indicate a PH level of 5. When the acid, HCl, is added the PH of the substance decreases to about a PH of 2 in the distilled water showing a deep red, clear colour; And when added to the buffer solution, the   PH decreased to 3 showing a pink colour which however was partially blue at the beginning but after a couple of minutes dissolved at became completely light pink. This result makes sense because adding an acid makes the solution more acidic. When NaOH is added to the solution, the PH of the distilled water came up to level12, and in the buffer it came up to level 5. This result makes sense as a strong base was added, the water solution became very basic and the buffer worked very well as it stayed in a range of 3-5 PH level.  




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

At room temperature, the solution appears to a deep translucent red colour. When adding drops of 12 M HCl, different colours where seen as every drop was added. However, when a total of 4 drops were added, the solution changed into a very deep purple colour is seen, which then turns into light blue colour.  This occurs because when CoCl2 is mixed with a strong acid, HCl, we are adding more Cl- ions the reactants side, therefore the equilibrium shifts right and consume it creating more products.  When Distilled water is added, the solution turns into a bright, translucent pink colour. Also, as we know that [CoCl4]2- (aq) is a product, we can assume that adding HCl the number of ions is increased which then increases the production of this product. This is because when distilled water, a new hydrate is created, [Co (H2O)6]2+ (aq), therefore, the more we add water to the solution, the pinker the solution will be as the equilibrium will shift left and produce more hydrate by converting the [CoCl4]2- (aq) back into the reactant, [Co (H2O)6]2+ (aq). 


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


Having a black shiny, salt size-like appearance, CuBr2 was mixed with 5 drops of distilled water which created a dark black/green solution. When an extra 10 drops of distilled water were added to the solution, the colour turned into a light-blue colour resembling to seawater.  But when about 2mL of distilled water were added, the colour became very light blue. This is because the solution is simply following Le Chateliers Principle. In another words, due to the fact that when H2O is added, the equilibrium of the solution shifts left as more product is being added. As we saw in the previous reactions, Copper gives a light blue colour. Thus, we can say that when distilled water was added, a reverse reaction took place and producing more [Cu (H2O)4]2+ (aq) reactant.  When mixed with distilled water, the white crystals of KBr, dissociated into its ions producing an odourless, dirty-like yellow solution.  Technically, the mixture of this solution is meant to be colourless as when two metals dissociate create a transparent colour, however, our results showed a yellow colour. Evidently there must have been an error somewhere in the process. We could say that it was contamination of the substance, probably because there was water in the well plate, or any type of unwanted solution was accidentally added. After 10 drops of the previous solution, CuBr2, to which an extra pinch of KBr was added, we could clearly see that the colour change from turquoise into a light green. When this reaction takes place, new products are formed, tribromidocuprate(II) potassium and tetrabromidocuprate(II) potassium. Thus, it is evident that the element responsible for such a smell and colour. 

Part 5. Temperature Effect
When the previous solution was heated up, the colour of the solution was golden brown, and the previously seen precipitate dissociated completely in less than a minute.  After letting it seat still for a couple of minutes, the solution came back to its original colour which lets us deduce that it was an endothermic solution. Therefore, the equilibrium shifted right as the colour become deeper, more products were made when heated, and when it sat still the colour came back to green as the direction was reversed because heating up a substance is like adding more products which also accelerates the rate of production. 
After multiple seconds of being heated in water, odorless and light pink CoCl2, became turned into a very dark raspberry pink/purple colour. However, after about 5 seconds of having taken out the boiling water bath, the solution returned to its light pink colour. Therefore, we can deduce that it is an endothermic solution as when it is heated up the colour became darker because more products were being made, just like the previous solution, and when cooled down, the equilibrium reversed, shifting to the left and producing more pink cobalt complex. 



















Calculations:  


1.  PH of H2O PH =7.0
2. PH of Buffer (CH3COOH/CH3COO-)
 CH3COOH (aq) + H2O (l) ≈ H3O+ (aq) + CH3COO- (aq) 
     10 Drops                                                           10 Drops
    0.1mol/L                                                           0.1 mol/L


[] = n/v 

[CH3COOH] = (0.1 mol/L)  (10 Dr/20 Dr) 	  
                         = 0.05 mol/L    
Therefore, 

[CH3COO-] = 0.05 mol/L


Ka= (CH3COOH) = 1.8 X 10-5

PH = pKa + log ([conjugate base] / [acid concentration] ) 
       = - log (1.8x 10-5) + log (0.05 mol/L / 0.05mol/L)
       = 4.74


3.  PH of H2O + HCl

Givens:
[HCl] I = 0.1 mol/L
Vi = 5 dr
VH20 = 20 dr
Vf = 25 dr


- CiVi = CfVf

(0.1 mol/L) (5 dr) = Cf (25 dr) 
Cf = (5/25) (0.1 mol/L)
    = 0.02 mol/L = [HCl]f = [H+]
 
PH = -log [H+] = -log (0.02 mol/L) = 1.70 




4. PH of H2O + NaOH

Givens: 
[NaOH] = 0.1 mol/L       Vi = 5 dr      VH20 = 20 dr       Vf = 25 dr


- CiVi = CfVf

(0.1 mol/L) (5 dr) = Cf (25 dr) 
Cf = (5/25) (0.1 mol/L)
    = 0.02 mol/L = [HCl]f = [H+]
 
POH = -log [OH-] = -log (0.02 mol/L) = 1.70 
PH = 14 – 1.70 = 12.3 



5. PH of Buffer with HCl
Given :  
VCH3OO  = 10 dr           VHCl = 5 dr    VCH3COOH = 10 dr    Vf = 25 dr   
Ci(CH3OO-) = 0.10 mol/L       Ci (CH3COOH) = 0.10 mol/L      Ci (HCl) = 0.10 mol/L


[CH3COO-]  = 0.10 MOL/l X (10 dr/25dr) = 0.04 mol/L
[HCl]  =  0.10 mol/L (5dr/25dr) = 0.02 mol/L
[CH3COOH] = 0.04 mol/L



	
	CH3COO- (aq) 
	+ HCl 
	 CH3COOH(aq)
	+ Cl-

	I
	0.04 mol/L
	0.02 mol/L
	0.04 mol/L
	

	C
	-0.02 
	-0.02
	+ 0.02 
	

	F
	0.02
	    ------
	0.06 mol/L
	




PH = pKa + log ([conjugate base] / [acid concentration])
       = 4.74 + log [(0.02 mol/L)/ (0.06 mol/L)]
       = 4.74 – 0.48
       = 4.26 






6. PH of Buffer with NaOH

Given :  
VCH3OO  = 10 dr       VNaOH = 5 dr    VCH3COOH =10 dr    Vf = 25 dr   
Ci(CH3OO-) = 0.10 mol/L       Ci (CH3COOH) = 0.10 mol/L     Ci (NaOH) = 0.10 mol/L

[CH3COOH] = (0.1 mol/L)(10dr/25dr)         [CH3COO-] =(0.1 mol/L)(10dr/2d5r)                            
                         = 0.04 mol/L                                                     = 0.04 mol/L
[NaOH] = (0.1 mol/L) (5dr/25dr) 
                =0.02 mol/L 
                              Na CH3COOH + H2O ≈ CH3COOH + NaOH 
	
	NaOH 
	+ CH3COO-
	≈ NaCH3COOH
	+ H2O

	I
	0.04 mol/L
	0.02 mol/L
	0.04 mol/L
	

	C
	-0.02 
	-0.02
	+ 0.02 
	

	F
	0.02
	    ------
	0.06 mol/L
	



Kb = Kw/Ka
     = 1.00 x 10-14 / 1.8 x 10-5
       = 5.56 x 10-10
pH = pKb + log [HB] / [B] 
       = - log (5.56 x 10-10) log (0.2 mol/L ÷ 0.6 mol/L)
       = 8.8
PH = 14  - 8.8
       = 5.2 





Differences in pH
Initial pH of the buffer is 4.74. When HCl is added, the pH by 0.5, so it came down to 4.26 level. Therefore, it can be said that the solution became more acidic.
 For the second one, the initial pH of the buffer is 4.74, and when NaOH is added to the solution, the pH increase to 5.2, which then shows a difference of increase of 0.5.
When analyzing the results, we are able to recognize that such a small change is a prove of the effectiveness of the buffers. Such minimal change shows that even when a strong acid r base is added, the pH level changes very slightly as they both change by 0.5. 

Conclusion:

To conclude, we can say that there is a big variety of factors such as change of heat, the addition or removal of reactants or products, among others, that can easily influence the change of equilibrium of a reaction in order to maintain or stabilize the equilibrium. Throughout the lab, we were able to see various examples of Le Chateliers Principle. This is to say, we were able to analyse and understand that when a change enters the system, the system corrects itself shifting the equilibrium to the side that needs to be favoured in order to maintain equilibrium. 
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