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Introduction:
A chemical reaction involves the reaction of reagents to from chemically form products. When writing it, a double arrow is put in between the reactants and products to signify that the reaction doesn’t really go all the way to completion because most chemical reactions don’t really go all the way to completion. During a chemical reaction, there is moment when the rate of reaction of the products to make reactants is equalled to the rate of reaction of the reactants to make products. This is called dynamic equilibrium. To determine when equilibrium occurs in a reaction, the equilibrium constant-- k --has to be known, which is the concentration of the products/concentration of the reactants which can also be written as: K= [C]c[D]d / [A]a[B]b
 	This formula can also be applied when finding the acid dissociation constant, Ka or the base dissociation constant, K b in a solution. Le Chatelier’s principle this principle states a system would try to adjust itself to neutralize the effect of a change imposed on it to establish a new equilibrium. For example, if a reaction is endothermic, addition of temperature would make the reaction to favour the right side (i.e. the products) to use up the excess temperature that was added. Weak/strong acids and bases A strong acid or base is a specie that would dissociate/ionize completely when put in water. Examples of a strong acid and base include HI and KOH respectively. Meanwhile, a weak acid or base is a specie that does not dissociate/ionize completely when put in water. Examples of a weak acid and base include HCN and NH3 respectively.
 pHA pH is used to specify the amount of hydrogen/hydronium ion a solution contains i.e. its concentration in a solution. It is also used to show the alkalinity or acidity of a solution. The concentrations of hydrogen ion and hydroxide ion in pure water must be both equal to 1.0 x10-7 mol/L. Although this value could vary at time meaning that the hydrogen ion could have larger concentration than the hydroxide ion and vice versa. However, this concentration value is better expressed on a log scale using a scale called a pH scale which is defined as: pH = -log [H+ (aq)]. Basically, after calculating the pH of a solution, you could determine whether the solution is acidic or basic. Buffers (focusing on the human body)In the human body, buffers are very important to keep the pH neutral which is around 7.35-7.45 which makes the body function properly. This buffer system is present in the blood where they work hand in hand with the urinary and respiratory system to regulate the pH in the body. Without these systems, the pH in the body might become too low which could lead to acidosis or become too high which would lead to alkalosis. Both of this conditions aren’t good as they can lead to fatal internal damage or even death.






Observations:
Equilibrium Shift:
	1.
	The solution of CuSO4  remains blue when added to the test tube

	2.
	Added one drop of NH3 solution to CuSO4, the solution changed from a light blue solution to a dark blue see through solution 

	3.
	Added 5 drops of HCl, solution changed to a light blue form of the dark blue, solution became cloudier 

	4.
	Added 7 drops of NH3 to the solution from 3 which reverted to a dark blue solution (see through). 

	5.
	Added HCl, solution is light blue again


 
Multiple Equilibria:
	1.
	0.5ml Solution of Na2CO3 is a clear solution when added to the test tube 

	2.
	0.5ml of AgNO3 added to test tube produced a cloudy mud color 

	3.
	4 drops of HNO3 added, solution is clear again

	4.
	3 drops of HCl added, solution is white and cloudy -- no change

	5.
	4 drops of NH3 added, smoke and a smell was observed, precipitate formed; top half is clear bottom half is cloudy

	6.
	5 drops of HNO3 added, solution is clear

	7.
	4 drops of NH3 added, smoke is observed

	8.
	4 drops of KI added, precipitate formed on top half, bottom half clear

	9.
	2 drops of Na2S added, solution is now black


 





Buffers:
	1.
	Placed a stir magnet in a 100 mL of pure water, pH of water is 4.42

	2.
	2.5g of NaHCO3 added, water became cloudy, then reverted to its clear colourless version

	3.
	30 mL of 0.1 mol HCl was added, solution bubbling and rising to the top. pH of solution is 7.18

	4.
	10 mL of 0.85% lactic acid was added, solution is clear, some bubbling and pH of solution is 7.06

	5.
	0.5g of NaHCO3  was added, fizzing and bubbling was observed, solution turned cloudy then reverted to its clear version and the pH of the solution is 7.22

	6.
	0.5g of NaHCO3  was added again, the pH of the solution is 7.30

	7.
	A pellet of CO2 is added, smoke was observed and the pH is 7.33

	8.
	0.4g of NH4Cl was added, dissolved completely and the pH is 7.29


 
Questions:
Part 1. Equilibrium Shift
a. A light blue colour was observed. The copper ion causes this colour. 
b. After a drop of NH3, the colour of the solution changed from light blue to dark blue. By using the chemical reaction provided, it can be seen that the addition of ammonia favoured the products. This also means that the concentration of the products became higher and as a result more copper ions were produced. Therefore, due to the increase in copper ions, the solution became a darker blue. The ion that causes the colour to become darker is copper ion reacting with ammonia molecules.
c. The addition of 5 drops of HCl changes the solution back to a pale blue colour. The addition of HCl reverses the reaction and makes it favour the reactants, increasing the concentration of the reactants. This increase in the concentration of the reactants causes the solution to return to the original light blue colour.
1. In step 4, I was able to see the same changes because of Le Chatelier’s principle, the equilibrium keeps shifting to the side that minimizes the effect of a change. I expect the changes to be the same because the equilibrium is shifting to a side each time resulting in the same changes.



Part 2. Multiple Equilibria
d. The solution is transparent and colourless. The ions that caused this colour are sodium and carbonate ions.
e. After adding 0.5 mL of AgNO3, a precipitate formed and the colour became a brown mud colour. Using the chemical reactions provided, it can be seen that the reactants involved in this reaction dissociate completely which results in the equilibrium favouring the products. The precipitate that is seen is a result of the formation of Ag2CO3 which is insoluble. The ion that produces this colour of the solution is the silver ion.
f. The addition of 4 drops of HNO3 first changes the colour of the solution to white and then to a clear solution. Using the chemical reaction provided, it can be seen that this occurs due to the reaction between hydrogen ion from HNO3 and carbonate ion from Na2CO3 reacting to form H2CO3. Yes this change is reversible.
g. The addition of 3 drops of HCl produces a white precipitate. Using the chemical reaction provided, it can be seen that the chloride ion from the HCl reacts with the silver ion to form AgCl resulting in the white precipitate.
h. The addition of 4 drops of NH3 produces a smoke, as well as a smell and a clear solution. Using the chemical reaction provided, it can be seen that ammonia reacts with silver ion to form Ag(NH3)2 further reversing the reaction. The ions that cause this are silver and ammonium ions.
2. The same changes were observed again
i. The addition of 4 drops of KI produces a precipitate. Using the chemical reaction provided, it can be seen that the iodide ion from KI reacts with the silver ion from Diamminosilver ion producing the precipitate.
j. The addition of 2 drops of Na2S turns the solution to a black colour. Using the chemical reaction provided, it can be seen that the silver ion from AgI reacted with the sulphide ion to form Ag2S resulting in the black colour observed.
Part 3. Buffers
k. The pH of the water is 4.42. No this is not what I expected the pH of water to be. This tells me that the water is acidic because pure water should have a pH of around 7. This could have occurred due to the addition of the stir bar (magnet). The water molecules could have mixed with some of the metal ions from the stir bar causing the pH to lower.
l. After the addition of sodium hydrogen carbonate, the pH of the solution was 7.9. The reaction that caused this is the reaction between sodium hydrogen carbonate and water which produces a weak acid, H2CO3, and a strong base, NaOH, The NaOH, strong base, makes the solution basic causing the pH to rise from 4.42 to 7.9. The ion that is responsible for this pH change is the hydroxide ion.
m. The acid is added to lower the pH of the solution. Carbon dioxide gas has been created in the form of bubbles as a result of the addition of the acid.
n. When the acid was added, some bubbling was observed and the pH of the solution also dropped from 7.9 to 7.18. The pH of the solution went down because the solution was initially basic due to the strong base, but after adding the acid it helped to lower the pH by neutralizing the solution. This pH is very close to the pH of distilled water and blood. The species present in the solution are the hydronium ion and the hydrogen bicarbonate ion. All the species present are equal because the solution is almost neutral, there is no species that is more than another. Yes this is what I want based on the theory because there is enough of both base and acid to create a buffer.
o. The pH of the solution is 7.06 and bubbles were observed. This situation simulates a condition called acidosis in the body. Acidosis is an excess of acid in the blood that causes the pH to fall below 7.35.
2H2O(l) + CO2(g) ⇌ H2CO3(aq) + H2O(l) ⇌ HCO3-(aq) + H3O(aq)
The addition of lactic acid produces more hydronium ions which favours the left side and increases the carbonic acid. As the carbonic acid is increasing the equilibrium is shifting to the left side, increasing the amount of carbon dioxide produced. This can be observed by the bubbles formed.
p. After increasing the stirring, the pH of the solution increased. Yes, this observation matches the information given and is also what I expected.
2H2O(l) + CO2(g) ⇌ H2CO3(aq) + H2O(l) ⇌ HCO3-(aq) + H3O(aq)
By increasing the stirring in the solution, more carbon dioxide escaped from the solution. As the carbon dioxide escaped, the equilibrium shifted to the left to oppose the change. Further, as the equilibrium shifts to the left, the amount of H3O decreases which raises the pH of the solution.
q. After the addition of 0.5g of sodium bicarbonate, the pH increased to 7.22.
2H2O(l) + CO2(g) ⇌ H2CO3(aq) + H2O(l) ⇌ HCO3-(aq) + H3O(aq)
The addition of sodium bicarbonate resulted in an increase in the amount of bicarbonate ions present. This causes the equilibrium to shift to the left to oppose the change which further decreases the amount of H3O and raises the pH.
r. After the addition of another 0.5g of sodium bicarbonate, the pH further increased to 7.30. 
2H2O(l) + CO2(g) ⇌ H2CO3(aq) + H2O(l) ⇌ HCO3-(aq) + H3O(aq)
The addition of more sodium bicarbonate leads to an increase in the number of bicarbonate ions present. This causes alkalosis which is when the blood pH rises above 7.45 and when more than normal amounts of carbon dioxide is released. With the increase of amount of carbon dioxide released and the equilibrium shifting to the left to oppose it, the H3O decreases, raising the pH.
s. After the addition of a pellet of CO2, smoke was observed and the pH decreased to 7.15. The dry ice completely dissolved in the solution.
2H2O(l) + CO2(g) ⇌ H2CO3(aq) + H2O(l) ⇌ HCO3-(aq) + H3O(aq)
 The addition of the pellet limits the rate of exhalation by slowing down respiration. This causes the equilibrium to shift to the right which increase the amount of H2CO3 available, which further favours the right side, increasing the amount of H3O. This lowers the pH.
t. After the addition of ammonium chloride, the pH of the solution decreased to 7.09 and the ammonium chloride completely dissolved. 
2H2O(l) + CO2(g) ⇌ H2CO3(aq) + H2O(l) ⇌ HCO3-(aq) + H3O(aq)
Adding ammonium chloride, increases the amount of hydronium ions and makes the equilibrium shift to the left to increase the amount of carbon dioxide.
Questions to be asked at the end:
1. Ammonium chloride is soluble in water. When the crystals of ammonium chloride are dissolved in water, the ammonium chloride compound decomposes into its component ions: NH4+ and Cl- , the acidic or the basic components of a salt can be determined only at its aqueous form by dissolving the salt in water. The acidic component is the one that produces hydrogen (H+) ions when dissolved in water. In this case, Cl- is the acidic component of NH4Cl.

NH4Cl + H2O = NH4+ + HCl

Cl- + H2O = H+ Cl- +H2O

The chloride (Cl-) first associates in water to form hydrochloric acid (HCl) and the dissociation of HCl produces hydrogen ions (H+). The slightly acidic nature of ammonium chloride is due to the formation of hydrochloric acid (HCl). HCl is a strong acid and use of it may pose danger so, ammonium chloride is used as a source of acid instead of HCl.
1b. Cl- ion are of greater use in the stomach (HCl is the main component of stomach acid).    On the other hand Cl- ions being smaller than nitrate and iodide ions, will be transported easier on bloodstream
2. Each time an acidic substance was added to the beaker, according to le chatelier's principle the chemical reaction shifted to the appropriate side of the reaction to accommodate the change. For example:
This is a reaction between a chromate ion and a dichromate ion

2 CrO42- (aq) + 2 H+(aq) [image: https://lh4.googleusercontent.com/YsiIJef05yzo5O10d-swci8QalaLJ2EqNy4-nR5JdxkANoA-SxSqufF_7qAALXe9z0U1-sQXoBHT3Y3GRb6xz7IWLsOTy40sTlHEWrvVvr-5Rj5PTmDWkbeVCamwNIVyh47N3sJR] Cr2O72- (aq) + H2O (l)
Yellow chromate ion and orange dichromate ion are in equilibrium with each other in aqueous solution.  The more acidic the solution, the more the equilibrium is shifted to favour the dichromate ion. As acid is added to the potassium chromate solution, the yellow colour turns to orange. Therefore, it is seen that when acid is added to this reaction the equilibrium shifts to the left to adjust to the change that is occurring.
3.  The effect of decreasing pH (more hydrogen ion activity) on haemoglobin is to stabilise the deoxygenated form, decreasing its affinity for oxygen. Hence the ability of patient to transport oxygen will decrease
4.  As stated in question 3 the effect of decreasing pH on haemoglobin will shift the reaction of HbH+ + O2  <=>  HbO2 + H+
To produce a deoxygenated form, decreasing its affinity for oxygen. Based on the chemical equation for the relationship between haemoglobin, oxygen, and hydrogen (acid), when adding an acid the reaction will shift to the left producing a deoxygenated form.
5.  The pH should be higher, as CO2 exits the solution. This is because, as the solution is stirred vigorously, the solution comes into more contact with the air surrounding it. As a result, since the concentration of CO2 (presumably) is higher in the solution then in the surrounding environment, the CO2 will exit the solution and the pH will go up.
6.  As chickens pant, more CO2 is released into the air away from the system. This results in an increase of pH of their blood. Since eggshells are made with calcium carbonate, carbonate ions, which are basic, are required for the formation of eggshells. However, due to LeChatelier's Principle, after the depletion of carbon dioxide from panting, equilibrium will shift to the left to replenish the lost CO2. As a result, there will be a decrease in the concentration of carbonic acid. Since carbonic acid is a reactant used to form carbonate as its product, the concentration of carbonate will also decrease. Thus, since eggshells are formed from carbonate, a decrease in the concentration of carbonate will result in the production of more fragile eggshells.
Conclusion:
For part 1. Equilibrium Shift, the copper sulfate was initially clear and light blue. As a drop of NH3 was added, the solution became dark blue. When 5 drops of HCl were added, the solution became cloudy and a lighter blue colour again. These steps, when performed again, produced the same result each time.
For part 2. Multiple Equilibria, the sodium carbonate was initially a clear solution. As 0.5mL of silver nitrate were added, a precipitate formed and the solution became a brown mud colour. When 4 drops of HNO3 were added, the solution became clear once again. When 3 drops of HCl were added the clear solution became white and cloudy. As 4 drops of NH3 were added, smoke and a smell were observed. These steps, when performed again, produced the same result each time. The addition of 4 drops of KI produced a precipitate and when 2 drops of Na2S were added, the solution turned black.
For part 3. Buffers, the distilled water initially had a pH of 4.42. When 2.50g of sodium hydrogen carbonate were added, the solution first became cloudy and then clear. Bubbles were also formed at the bottom and the pH increased to 7.9. As 30mL of HCl were added, the solution started bubbling and the pH decreased to 7.18. As more acid was added, the pH further decreased to 7.06. The addition of 1.0g of sodium bicarbonate increased the pH to 7.30. When a pellet of CO2 was added the pH dropped to 7.15 and smoke was observed. The pH further dropped to 7.09 when 0.4g of NH4Cl were added.
Sources:
Web:https://www.thoughtco.com/definition-of-ph-in-chemistry-604605 , Anne Marie Helmenstine 
Web: https://www.chemguide.co.uk/physical/equilibria/lechatelier.html , Jim Clark, www.chemguide.co.uk
https://labtestsonline.org/conditions/acidosis-and-alkalosis
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