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Procedure: (As outlined in the lab manual) 
 
 
Discussion:
            Equilibrium Shift
  
Multiple Equilibria
 
Buffer Solution and blood pH
 
Conclusion: Through this experiment, the shift of equilibria, and multiple equilibria using the silver ion was observed. A buffer system is prepared and the effect of acids and bases on a buffer system that simulates a metabolic reaction is observed. 
 
 
 
Reference(s): “What in the World ISN’T Chemistry”, General Chemistry Laboratory Manual, Dr. Rashmi Venkateswaran, 2019.
 
Answers to Questions 1-6:
 
1- 
a) Hydrochloric acid is considered a strong acid, using it can be very dangerous hence why Ammonium chloride is used instead as that is a strong base and not as dangerous. Moreover, as ammonium chloride is a strong base, it is soluble in water, which, when broken down or decomposed it becomes, NH4 and Cl-.
 
b) For particles to move easily through the bloodstream, the size preferred would be smaller. Cl- is used instead of others because its size is small compared to the others listed, nitrate and iodide ions. 
 
2-  When a strong acidic substance is added to the beaker, the pH level decreases, which is witnessed by the change in color. The solution becomes transparent or a lighter version and also had some clouds produced meaning CO2 is produced. 
2 H2O (l) + CO2 (g) -- H2CO3 (aq) + H2O (l) -- HCO3- (aq) + H3O+ (aq)

3-  Acidosis reduces the level of oxygen being transported. Which means, total the amount of oxygen a patient would have decreased, which is dangerous as it can cause death. Increased acidity causes enzymes and proteins to not function properly or to their full capability. Further on, the oxygen particles have trouble bonding to the blood cells causing issues in breathing and use of anaerobic respiration. 
 4- When oxygen particles are bonded to blood, the color results into being red, further, oxygen particles are not bonded in the other glass, hence why the color of the blood is dark blue. By adding the acid, HCl, it causes an acidic area to be created which results in acidosis. 
5- The pH will increase and become less acidic. When a soda becomes ‘flat’ the amount of CO2 decreases. If we do, CO2+H20 ---- H2CO3, the H2CO3 determines the acidic pH. If the CO2 is decreased, then the H2CO3 is decreased causing the pH to become more basic.
6- Panting would cause the egg shells to get weaker. It causes the level of CO2 to be decreased hence causing the equilibrium to be shifted to the left, through which there would be more H3O and HCO3-. The increase in those two would make the blood pH higher.
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Table 1. Reactions Being Studied
 
	 
[Cu(H2O)4]2+ (aq)  + 4 NH3 (aq)  ⇌  [Cu(NH3)4]2+ (aq)  + 4 H2O (l)
· Initial color is light blue, of [Cu(H2O)4] ^2+ (aq)
· Color changed to dark blue after concentrated NH3 (aq) added. 
· 8 drops of HCl 1 mol/L added, causing the color to change back to light/sky blue.
· Repeating the steps 2 and 3 caused the same color change to happen; dark blue and light blue. 

	 
2AgNO3 (aq)  + Na2CO3 (aq)  ⇌  Ag2CO3 (s)  + 2 NaNO3 (aq)
· Na2CO3 (aq) is colorless in the test tube. 
· When 0.5mL of 0.01 M of AgNO3 (aq) is added, the solution became cloudy.

	 
2 H+ (aq)  + CO32- (aq)  ⇌  H2CO3 (aq)  ⇌ H2O (l)  + CO2 (g)
· When 6 mol/L of HNO3 is added dropwise, it becomes transparent and clear again as well as a gas was produced which was indicated by the smoke produced.
 

	 
Ag+ (aq)  + Cl- (aq)  ⇌  AgCl (s)
· The addition of 0.1 mol/L of HCl dropwise causes the solution to become cloudy. This indicates that a precipitate is formed.

	 
Ag+ (aq) +  2NH3 (aq)  ⇌  [Ag(NH3)2]+ (aq)
· Adding NH3 dropwise causes the solution to become clear again.
· Repetition of step 7 and 9 made no difference as the same observation although more smoke is produced when step 9 is repeated. 
 

	 
H+ (aq)  + NH3 (aq)  ⇌  NH4+ (aq)
·  As 6 mol/L of HNO3 is added, it causes the H+ binds with the NH3 which forms NH4.

	 
Ag+ (aq)  + I- (aq)  ⇌   AgI (s)
· When adding 0.1 mol/L of KI, little particles are observed after adding first drop. Afterwards the solution becomes cloudy again.  

	 
2Ag+ (aq)  + S2- (aq)  ⇌ Ag2S (s)
· 0.1 mol/L of Na2S is added and causes the solution to become brown and cloudy.  

	 
2 H2O (l) + CO2 (g)  ⇌  H2CO3 (aq) + H2O (l)  ⇌  HCO3- (aq) + H3O+ (aq)



 
 
Discussion:

Experiment 1: Equilibrium Shift

1. After adding CuSO4, it is observed that the color of the solution is transparent blue. The reason for this color is because of the copper ion. As Cu2+ reacts with water.

0. When NH3 is added, the color of the solution changes from transparent blue to dark, ink blue. This happens because of a single displacement reaction that takes place in which the NH3(aq)  displaces the H2O from the [Cu(H2O)4]2+ and produces [Cu(NH3)4]2+ and H2O. [Cu(NH3)4]2+ is the ion that causes the color to be ink blue.                                                                                                         

0. After adding HCl, the color of the solution changes back from dark blue to transparent blue. The reason being that the H+ ions from hydrogen chloride and ammonia react to produce NH4+. As there is less ammonia, the reaction will shift towards the left which means that more products will be formed which includes [Cu(H2O)4]2+ which causes the solution to get its light blue color.

0. After repeating steps 2 and 3, the same changes can be seen as the color changes to light blue to dark blue and vice versa. This is due to the equilibrium which causes the reaction to go backwards and forwards, producing more acid or base depending on which concentration has been increased. 

Experiment 2 : Multiple Equilibria

1. When Na2CO3 is added, the solution is observed to be transparent, clear, however after AgNO3 is added, a color change can be seen as the solution changes from being transparent to light brown. The solution can also be observed to be cloudy which indicates a precipitate being formed. The precipitate formed is AgCO3 due to a double replacement reaction between sodium carbonate and silver nitrate.

0. After adding HNO3 to the solution it can be observed that the color of the solution changes and becomes completely colorless after adding approximately 6 drops of HNO3. Smoke is also present which indicates the production of a gas. So, what happened here is that this is a decomposition reaction in which H2CO3 decomposes into water and carbon dioxide gas. 

0. After adding HCl, the color of the solution changes again, from being transparent to being chalky white. A precipitate is formed, which is silver chloride as the reaction between silver and chlorine is not soluble. 
1. After adding NH3 the solution becomes clear and transparent once again. A synthesis reaction takes place between the silver ion and ammonia which produces [Ag(NH3)2]+, which is also the reason why the color of the solution becomes transparent and clear. 

0. After repeating steps 7 and 9, the same changes occur as earlier in the experiment reaction. The reason being that the reaction will either shift forward or backwards in order to reach equilibrium due to the increasing concentration of the acid or base. 

0. When adding KI, the solution changes color from transparent to foggy light yellow. The fogginess indicates the formation of precipitation, which is AgI.

0. Then we add Na2S which causes the solution to change color into darkish grey. Another precipitate is formed which is Ag2S, whereas Ag+ and S2- are the ions that take place in the reaction.

Experiment 3 : Buffers

1. PH of water was expected to be 7, yet after measuring it was found to be 4.9. This is due to the CO2 in the atmosphere possibly entered the water, producing carbonic acid. 

	CO2 (g) +2H20 (l) --- H2CO3(aq) + H2O (l) --- HCO3- (aq) + H3O+ (aq)
0. After adding 2.50g of NaHCO3, pH increases to 8.4. This means the reaction became more basic as the pH is over 7 and causes it to shift left. 
1. HCl is added to the beaker, as it is an acid, it decreases the pH of the solution. pH is around 7.20, bubbles of CO2 gas are produced since the equation will shift left to compensate for the extra H3O+ ions added. 
2. After 10mL of lactic acid is added, pH increases to 7.40. By adding 10mL, build-up of lactic acid is stimulated. Increase in pH observed can be explained by the chemical equation:
2H2O(l) + CO2 (G) ---- H2CO3 (aq) + H2O (l) ---- HCO3- (aq) + H3O+ (aq). Excess hydronium ions are produced and shift the equilibrium to the left.
0. When the speed of the stir bar is increased, the PH is also increased slightly to 7.50. More CO2 is being rid of, causing the reaction to shift left, meaning more basic. 
1. NaHCO3 increases the pH to 7.60. HCO3- causes chemical reaction to shift to the left, making more basic substance.
2. Once the CO2 pellet is added, the pH decreases from 7.60 to 7.50. This makes breathing slower so that less CO2 is has been rid of. This forms bubbles of CO2, and clouds, also a change in temperature. 
	2H20(l) + CO2 (g) --- H2CO3 (aq) + H2O (l) ---- HCO3- (aq) +H3O+ (aq)
As seen, this excess CO2 causes the equation to shift to the right, making it more acidic in the buffer. 
0. The addition of NH4CL causes an initial pH to decrease to 7.47 but then an increase to 7.58. Reaction shifts to the left, although was acidic initially, overall has  a net change making it less basic. 




