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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)
We added one drop of NH3 ,which is a clear transparent solution with a strong pungent smell , to a solution of CuSO4 (aq) , which is a pale blue solution . A dark royal blue colour was observed . This is because ligand substitution took place . [Cu(H2O)4]2+ (aq)  in the CuSO4 (aq)is pale blue . NH3 ( aq) which is a stronger ligand than water substituted water and [Cu(NH3)4]2+ (aq)  which has a dark blue color was formed . Moreover, based on Le chatlier’s principle since we added a reactant ,NH3 (aq ), the forward reaction was favoured and the reaction  shifted to the right to reach equilibrium and therefore more  [Cu(NH3)4]2 (aq)and H2O (l) were formed . Moreover the bonds in [Cu(NH3)4]2 (aq) are more stable than those in . [Cu(H2O)4]2+ (aq) .
Afterwards we added HCl (aq ) and with each drop of HCl (aq ) the colour became lighter till we saw the pale blue color again . This is because HCl (aq) neutralized the ammonia and in any neutralization reaction water is formed . In our equation water is in the products and by adding more HCl (aq) more water was being formed ( more products ) and therefore the backward reaction was favoured and equilibrium shifted to the left as water replaced ammonia in [Cu(NH3)4]2+ (aq) forming [Cu(H2O)4]2+ (aq)  which has a pale blue color . As we added Ammonia again the color went back to dark royal blue .


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

Na2CO3 (aq)  is a clear colourless solution with no odour and AgNO3  (aq) is a clear colorless solution with a strong smell .As we added AgNO3  (aq) to Na2CO3 (aq)  the solution turned cloudy with a milky appearance  and a greyish color was observed .The white precipitate that lead to the cloudy appearance is Ag2CO3 (s)  . NaNO3 (aq) is colorless . This happened because as we added AgNO3  (aq) to Na2CO3 (aq) we had 0 products and a lot of reactants so for the system to reduce stress the forward reaction was favoured and equilibrium shifted to the right producing Ag2CO3   (s)  which led to the cloudy appearance . 

Afterwards we added 12 drops of HNO3 (aq) which is clear and colourless.  The colour of the solution  turned colourless again . This is due to the common ion effect . NO3- (aq ) is a common ion since its present in NaNO3 (aq) . Therefore by adding HNO3 (aq ) we are increasing the concentration of this ion and causing equilibrium to shift to the left ( backward reaction is favoured ) to reduce the stress exerted on the system .


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

we added 12 drops of HNO3 (aq) which is clear and colourless.  The colour of the solution  turned colourless again . This is because HNO3 is a strong acid and it completely dissociates to give H+ (aq ) and NO3- (aq) . The H+ ions will react with the CO32- (aq) on the right ( In Ag2CO3 (s) ) and thus remove them . This will dissolve the Ag2CO3 (s)  and thus the solution will turn colorless . the CO32+ ions react with H+ ions to form H2CO3(aq), which then dissociate into H2O(l) and CO2(g) .CO2 will escape from the system and thus the equilibrium will shift to the right ( forward reaction is favoured ) because the concentration of the products has decreased .


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

HCl (aq) is clear and transparent. When we added 5 drops of HCl (aq) to the solution we observed a cloudy opaque solution with brownish –white  precipitate at the bottom . This is because HCl (aq) is a strong acid and it completely dissociates to give H+ (aq ) and Cl –(aq) . The white precipitate observed was AgCl (s) . Cl- reacted with Ag+ and since we had no products the equilibrium shifted to the right ( forward reaction was favoured ) and AgCl (s) was formed . equilibrium favours the formation of the more stable compound. AgCl(s) is more stable compared to Ag2CO3(s),
The brownish color was due to this reaction Ag2CO3 + 2OH- ---> 2AgOH + CO32- (brown solid) OH- came from the water molecules 


	Ag+ (aq) +  2NH3 (aq)  (  [Ag(NH3)2]+ (aq)
NH3 (aq) is a clear colourless solution with a strong pungent smell. We added 30 drops of NH3 (aq) . the opaque color due to AgCl (s) disappeared and a colourless ( slightly light blue ) solution became was formed . Ag+ (aq) reacted with NH3 (aq)  and because we had no products  the equilibrium shifted to the right ( forward reaction was favoured ) and [Ag(NH3)2]+ (aq) ( which is colourless ( slightly light blue ) was formed 


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

When we repeat step 7 the H+ (aq) from the dissociation of HNO3 (aq) will react with the NH3 (aq) . This will decrease the amount of NH3 (aq ) and according to this equation (Ag+ (aq) +  2NH3 (aq)  (  [Ag(NH3)2]+ (aq) ) equilibrium will shift to the left ( backward reaction is favoured to replace the decrease in NH3 (aq). The solution turns from the slight blue solution to a completely colourless solution .  

When we repeated step 9 as we added NH3 (aq) this increased the amount of NH3 ( aq) in solution and according to this equation (Ag+ (aq) +  2NH3 (aq)  (  [Ag(NH3)2]+ (aq) ) equilibrium will shift to the right (forward reaction is favoured) and the slightly light blue color of [Ag(NH3)2]+ (aq) is observed again .



	Ag+ (aq)  +  I- (aq)  ( AgI (s)
KI(aq) is a transparent ,clear solution . After we added 1 drop of KI (aq) to our solution . the solution turned light yellow and a yellow-brown precipitate was observed at the bottom of the test-tube . A precipitate was formed which means that ksp<Qsp . We had reactants but no product (AgI (s) ) so the equilibrium shifted to the right ( forward reaction is favoured ) and AgI (s) was formed giving us this yellow-brown precipitate . AgI(s) has stronger bond energies and is more stable compared to Ag(NH3)2+(aq). 


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

     Na2S(aq)   is a transparent ,clear solution . When we added 1 drop of Na2S(aq)  to our solution , we observed a dark brown color and a brownish black  precipitate was seen at the bottom of the testube. Moreover there was a smell of rotten eggs . A precipitate was formed which means that ksp<Qsp . We had reactants but no product (Ag2S (s)) so the equilibrium shifted to the right ( forward reaction is favoured ) and Ag2S (s)was formed giving us this brownish- black precipitate and rotten eggs’ smell . Ag2S(s) has stronger bond energies and is more stable compared to AgI(s).


	CH3COOH (aq)  +  H2O (l)  (  H3O+ (aq)  +  CH3COO- (aq)
CH3COOH (aq)  is a transparent and clear solution . the universal indicator is has an red colour . when we added 3 drops of the universal indicator to 10 drops  CH3COOH (aq) in the well, red colour was observed . when we added this solution on a pH paper a bright orange colour was observed on the pH paper and it corresponded to a pH of approximately 4 . We then added 10 drops of NaCH3COO (aq) to the wells and the red colour in the wells become dark orange . When we added this solution on a pH paper a lighter orange colour was observed on the pH paper and it corresponded to a pH of approximately 4 . We now made an acidic buffer by adding high concentrations of a weak acids with high concentrations of its conjugate base . 
We added distilled water( clear , transparent )  to two different wells and added universal indicator to them  and a pinkish colour was observed . Using pH paper we found that the pH is approximately 6.( yellowish green colour on pH paper )  

When we added HCl (aq) to a well containing water and a well containing the buffer we observed a light mauve colour .This colour quickly faded away . The pH of the buffer solution was approximately 3 ( bright orange colour on pH paper )  and the pH of water was approximately 2 ( dark orange colour on pH paper ) . Afterwards we added HCl (aq) to a well containing water and a well containing the buffer. In the buffer well a purple colour was observed in the middle but then it faded away and the original red-orange colour becomes lighter .In the water well , the pinkish colour turns into dark purple . The pH of the buffer solution was approximately 5 (greenish yellow colour on pH paper )  and the pH of water was approximately 10 (blue colour on pH paper ) .  The quantitative results were similar to the qualitative results.??? Continue after doing the calculations .


	4Cl- (aq)  +  [Co(H2O)6]2+ (aq)  (  [CoCl4]2- (aq)  +  6 H2O (l)
CoCl2(aq) is a pink solution . HCl (aq) is a clear transparent solution . we added 5 drops of CoCl2(aq)   into a well . when we added the 1 drop of HCl (aq) to the well , we observed a turquoise colour in the middle , as we added more drops the colour changed to purple and then changed to dark royal blue .  [Co(H2O)6]2+ (aq)  has a pink color and [CoCl4]2- (aq)  has a dark blue color . Since we added HCl (aq) (dissociated to give H+ (aq) and Cl – (aq) )to CoCl2 (aq) according to the equation above we only had reactants and 0 products therefore the equilibrium shifted to the right ( forward reaction was favoured ) to produce more products and reach equilibrium . Once we saw the dark royal blue colour , this means that [CoCl4]2- (aq)  was formed and now we have more products than reactants in the solution . 
We then added distilled water to the solution and the dark royal blue colour changed to purple after 5 drops then it changed to pink after 4 more drops . ( As we add each drop the colour turns pink then the color fades away , however after 4 drops the colour remained pink ) . This is because as we added water we increased the concentration of the products and thus the equilibrium will shift to the left ( backward reaction is favoured ) forming [Co(H2O)6]2+ (aq)  and giving the solution a pink colour. 
We took a solution of CoCl2(aq) which is pink and put it in a test-tube . we then boiled the test-tube. The colour turned into dark purplish red . the heat favoured the forward reaction which means that the forward reaction is endothermic. Moreover , applying heat changes the equilibrium constant .



	4 Br - (aq)  +  [Cu(H2O)4]2+ (aq)  (  [CuBr4]2- (aq)  +  4 H2O (l)
We added CuBr2 , which is a greyish glittery salt ,  to a well . We that added water to it and after 5 drops of water we could observe a dark brown colour which is the colour of [CuBr4]2- (aq)  . After adding 10 more drops of water we saw a greenish blue colour . We continued adding water till the volume was close to 2ml and we observed a light blue colour. This colour is due to the formation of [Cu(H2O)4]2+ (aq)   . Since water is in the products side in the above equation .  As we added more drops of water we increased the concentration of the products so that it becomes more than the concentration of the reactants and therefore the equilibrium shifted to the left ( backward reaction favoured ) and the brown colour of [CuBr4]2- (aq)   disappeared and the  light blue colour appeared as [Cu(H2O)4]2+ (aq)  was formed . We then added a pinch of KBr , which is a white salt , to an empty well . We added distilled water to it and a colourless solution was formed . 

We transferred 0.5 ml of  the first solution  (CuBr2 dissolved in water ) to an empty test-tube . This solution is light blue and when we  added a pinch of KBr to it we saw brown particles at the bottom . However when we shaked it gently the particles disappeared .Afterwards we put the test-tube in the boiling water and the colour changed to light green in less than a minute .this is because The equilibrium shifts to the right after the addition of due to the excess of Br-(aq) ions coming from the KBr (aq) ,. The concentration of Cu(H2O)42+ decreases as the concentration of CuBr4]- increases, which leads to the light blue color turnig into green. Moreover since adding hear favoured the forward reaction this means that the forward reaction is endothermic .



Calculations:
Calculations

1)pH of distilled water = 5.8
reference : http://www.ehow.com/about_4623914_ph-distilled-water.html
 2) pH of buffer          

Ka=(H3O+((A-(/(HA(  (water ignored since it has an activity of one )

When we mix both solutions both are diluted.  ( to find concentrations use  C1V1=C2V2
CfVf=CiVi 

So Cf= Ci(Vi/Vf)

((CH3COOH(f= 0.1 mol/L * (10 dr/g / 20 dr/g )= 0.05 mol/L

(CH3COO-(= (CH3COOH(= 0.05 mol/L

Ka of acetic acid = 1.8*10-5 
(http://courses.chem.psu.edu/chem112/Fall/Lecture%20Notes/LSV%20Lecture%20Notes/16-17%20Buffers%20TitrLandscape.pdf)
pH= pKa + log(0.05/0.05)

pH= pKa

PH= -log(Ka) =12.7

pH=-log(1.8*10-5) = 4.74

3) pH of water + acid
Water= 20 dr/g             acid= 5 dr/g

(HCl(f((HCl(i*Vi/Vf = 0.1 mol/L (5/25) =0.02 mol/L
since HCl is a strong acid there is 100% dissociation  

hence the concentration of H+ is 0.02 mol/L
hence pH=-log(0.02)
pH= 1.7

4) pH of water + base 

Water= 20 dr/g base = 5 dr/g

(NaOH (f((NaOH (i*Vi/Vf = 0.1 mol/L* (5/25) =0.02 mol/L

since NaOH is a strong base there is 100% dissociation  

hence the concentration of OH- is  0.02 mol/L

pOH =-log(0.02)

pOH =1.7 

pH=14.0- pOH

pH= 14.0-1.7

pH=12.3

5)pH of buffer + acid 

CH3COOH ( CH3COO-
