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Introduction:
The principle of equilibrium is based on the fact that the reactants and products reach a point where their concentrations do not change. This means that the rate of the reaction moving forward is the same as the rate of the reaction moving backward. This principle acts on reversible equations; incomplete equations whose reactants reach a fixed amount other than zero. Sometimes, the equilibrium favors the products, and sometimes, it favors the reactants. For every incomplete reaction, there is an equilibrium constant that is represented by the following expression:
aA + bB ⇌ cC + dD + heat [1] 
k=            	[2]
Le Chatelier’s principle aims to maintain this constant equilibrium by which the reaction either moves forward or backward to minimize the effect of the change imposed on the system.  The favored chemical species of the solution is considered “strong”. Otherwise, they’d considered weak. These chemical species are mainly acids and bases. Strong acids and bases dissociate completely with water, whereas weak acids and bases do not.
For the dissociation of any acid or base, there is an equilibrium constant that is represented by Ka for acid dissociation constant and Kb for base dissociation constant.
As for water, it is an amphoteric species that can act as both an acid or base.
H2O (l) + H2O (l) ⇌ H3O+ (aq) + OH- (aq)   [3]
From the above equation, we can establish that the equilibrium constant of water is:
Kw = K’ [H2O (l)]2 = [H3O+ (aq)] [OH- (aq)] = 1 x 10-14   [4]
From the base and acid dissociation constants we can establish that the equilibrium constant of water is:
Kw = Ka · Kb = [H+ (aq)] [OH- (aq)] = 1 x 10-14
For any solution, there is a PH. If this PH exceeds 7, the the solution is acidic and has a higher concentration of acidic species more than that of basic species. On the other hand, if the PH is less than 7, then the solution is basic. However, the product of the concentrations of the strong acidic and basic species found in the solution must always be equal to the equilibrium constant of water 10-14. Using these concentration, the level of PH could be calculated using the following equation:
pH = - log [H+ (aq)]
where H+ is the strong acid.
The change of PH can be detected by observing the change in color of the indicator. This change in color occurs when equilibria is reached. Sometimes, a chemical has more than one equilibria and, thus, changes color more than once.
As for the human body, it’s PH must be between 7.35 and 7.45. The body tries to keep the PH regulated around these values when large deviations occur. These deviations could cause acidosis (PH<7.35) or alkalosis (PH>7.45). To regulate the PH, the body uses the buffer solution present in the blood . This solution works alongside the respiratory and urinary system to prevent acidosis and alkalosis.
The buffer solution is made up of an acid and its conjugate base which do not react together and form a buffer solution if there were sufficient amounts of these chemicals.
One of the buffer solutions in the body is expressed by:
2 H2O (l) + CO2 (g) ⇌ H2CO3 (aq) + H2O (l) ⇌ HCO3 - (aq) + H3O+ (aq) [7]
The presence of CO2 indicates that the respiratory system is the system coupled with the buffer solution to regulate PH. The metabolic acids produced in the muscles after exercise are transferred into the body where they are neutralized by the blood buffers. One example is the metabolism of lactic acid, a weak acid, which upon dissociation causes the increase in the level of CO2. At this point, the respiratory system to remove the CO2 from the body.  
Sometimes, the respiratory system causes the deviation of the PH from its normal values. Hyperventilating, for instance, decreases the levels of CO2 which causes alkalosis because equation [7] shifts to the left to compensate the loss of CO2, thus, decreasing the amounts of H3O+. Similarly, hypoventilating shifts the equilibria to the right to decrease the levels of CO2. So, the amount of H3O+ increases causing acidosis. 

Procedure:
As described in the lab manual (What in the World ISN’T Chemistry, Dr. Rashmi Venkateswaran, 2017, Exp. 3, p. 21-23).

Observations:

Equilibrium Shift:

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

1) Initially, the colour of the CuSO4 solution was light blue. This light blue colour is caused by the Cu2+ ion. 

2) The initial colour of the NH3 was a clear, colourless solution. When the NH3 was added to the CuSO4, the solution changed to a dark blue colour. This is due to an equilibrium shift which shifted the equilibrium to the right, creating more products.

3) When the HCl was added to the solution, the solution changed back to a light blue colour. This is due to the HCl, an acid, neutralizing the NH3 that was added.

It was expected for the changes in colour to be the same, when steps 2-3 were repeated, and this was validated with the experiment. Adding NH3 caused the solution to become darker and adding the HCl caused it to go back to its original light blue colour.

Multiple Equilibria:

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

1) Na2CO3 is initially a clear, colourless solution. The ion that causes it to be colourless is Na+.

2) AgNO3 is a clear, colourless solution. When the AgNO3 is added to the Na2CO3, the solution becomes more translucent and a precipitate is formed. The precipitate that forms is Ag2CO3. The translucent colour is caused by the Ag2CO3 precipitate powder in the solution, as Ag+ and Na+ are both colourless.

2 H+ (aq) + CO3 2- (aq) ⇌ H2CO3 (aq)  H2O (l) + CO2 (g) 

3) With each drop of HNO3, the solution slowly became colourless once again. The Ag2CO3 precipitate reacted with the HNO3 and dissolved to form AgNO3. The CO2 gas is released into the atmosphere and the H2O becomes a part of the solution.

Ag+ (aq) + Cl- (aq) ⇌ AgCl (s)

4) When the HCl is added to the solution, a white precipitate of AgCl is formed.

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

5)  Adding NH3 causes a new compound Ag(NH3)2 to be formed, which has a unique, disgusting smell. 

6) It was expected for the changes in colour to be the same, when steps 7 and 9 were repeated, and this was validated with the experiment. 

Ag+ (aq) + I- (aq) ⇌ AgI (s) 

7)  The overall colour of the solution becomes slightly yellow and this is due to the yellowish precipitate of AgI that is formed.

2Ag+ (aq) + S2- (aq) ⇌ Ag2S (s) 

8) The solution changed to a brownish colour and has a very vulgar scent. This is due to the brownish precipitate of Ag2S that was formed.

Buffer Solution and Blood pH:

1) The pH of the distilled water was observed to be 4.75. This is not the expected pH of water, as the pH of distilled water should be 7.0. This value is significantly lower than the expected value, perhaps due to the beaker not being cleaned properly.  This could also have been due to maybe something in the water source causing the water to be more acidic, such as rust in the water pipes.

NaHCO3 + H2O ----> H2CO3 + NaOH

2) Upon the addition of NaHCO3 to the beaker, the pH increased to 8.40. This increase is because the NaHCO3 causes NaOH to be produced, making the solution more basic.

3) When HCl is added to the solution, the pH decreased to 7.26 and bubbles were formed in the beaker. The addition of HCl to hydrogen carbonate ion creates H2CO3 because the reaction shifts to the left to decrease the amount of the strong acid in the solution. This is slightly above the expected pH of 7.0 for distilled water, and still significantly higher than the initial observed pH of 4.75 for water. The pH of blood is 7.35, and this value is slightly slower than that.

NaOH + C3H6O3 → NaC3H5O3 + H2O

4) Adding lactic acid to the beaker resulted in a decrease of pH to 7.17. This simulates condition when the body undergoes strenuous exercise, and produces lactic acid as a byproduct of any anaerobic activity. 

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

5) After stirring, the pH increased to 7.32. This was expected because the stirring stimulates the release of CO2 in the form of bubbles. So the reaction shifts to the left to produce more CO2. this decreases the amount of acid and,thus, increases the PH. 

Na2CO3 + 2HCO3 - > 2Na2O + 4CO2 + 2H2O 

6) The pH of the solution increases to 7.40 when NaHCO3 is added. This simulates a critical clinical situation when blood pH is low and intravenous sodium bicarbonate is given to raise the pH. The Sodium oxide is a base and increases the pH level.
7) Since critical clinical situation(low blood PH) was not observed, there was no need to add NaHCO3. 
8) The PH dropped to 7.31 as smoke or water vapor were released from the beaker. This is because adding CO2 shifter the reaction in favor of producing more acid (H3O+) . At this point, the body is at acidosis by which the blood is acidic. 

9) The pH decreased to 7.29 when NH4Cl. This simulates when the pH is too elevated, a dilute weak acid is injected into the blood to lower the pH. 

Discussion:
The experiments done showed how adding more of a chemical species into the solution causes the equilibrium to shift. To re-establish this equilibrium, the reaction shifts either to the left or to the right in favor of producing either more products or more reactants. The PH was calculated using the LabQuest 2. However, at first, the PH of distilled water (which was supposed to be 7) was much less (4.75).This could be either due to the PH probe not being well calibrated or due to the presence of some kind of acidic substance in the beaker. This initial PH affected the experiment. That means that the rest of the PH recorded are not completely accurate and could have some errors. 
Answers to questions:
1. 
a. The metabolic acids in the human body are weak. NH4Cl is a weak acid, and HCl is a strong acid. So, NH4Cl is a better representation of the metabolic acids in the body. 
a. NH4Cl is used because the chlorine ion has no acid/base properties.
1. Each time an acidic substance was added, the PH decreased. This happens according to the reaction:
HA+H2O A++H3O+  
And PH=-log[H3O+] As [H3O+] increases PH=-log[H3O+] increases. 
0. HbH+ + O2 HbO2 + H+
When acidosis occurs (when the amount of acid increases) the reaction has to shift to the left to decrease the amount of H+.When the reaction shifts to the right to form more reactants, the amount of hemoglobin carrying oxygen (HbO2) decreases. Thus, when the level of PH decreases, the ability of a patient to transport oxygen decreases.   
1. The darker the blood the more carbon dioxide the hemoglobin is carrying, and the lighter it is, the more oxygen it carries. The test tube on the right is darker because the addition of an acid (HCl), as proven in question 3, causes a decrease in the number of hemoglobins carrying oxygen. So, the test tube on the right darkens as compared to the test tube on the left which has hemoglobin carrying oxygen.
2. The PH of the flat soda must be higher than that of the fresh soda. This is because when the soda is flattened, the CO2 inside is released. Decreasing the amount of carbon dioxide causes the reaction in the soda to shift to the left to create more CO2. That way the amount the acidic species that is present in the product decreases. As the acidity decreases, the level of PH increases.
3. When the chickens pant, they are basically hyperventilating. Hyperventilation was proved to cause an decrease in the amount of CO2. So, the reaction has to shift to the left to increase the amount of carbon dioxide. So, the amount of H3O+ decreases and the PH increases. In addition, this shift also decreases the amount of carbonate which combines with calcium ions to harden eggshells. Therefore, the eggshells they produce weaken during the hot weather. 


Conclusion:
When reactants are added to the solution, the reactions shifts to the right favor the production of the products to reestablish equilibrium. And if products were added to the solution, the reaction shifts to the left to increases the amount of reactants and decrease the amount of products. Equilibrium can be detected when the solution changes color. This is Le Chatelier’s Principle, which works on shifting the reaction in favor of producing the chemical species that brings back the equilibria. The experiment of the buffer solution showed how the body compensates the deviation of PH from its normal values. The change in PH indicated the change in equilibria.
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