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Observations and questions
Table 1: Equilibrium shift
	Steps
	Observations

	Adding 1mL of 0.1mol/L CuSO4 (20 drops)
(1)(a)
	●   CuSO4 is light blue and translucent
●   Solution is clear
●   No smell

	Adding NH3 dropwise until change was observed after 2 drops
(2)(b)
	●   NH3 is a clear liquid
●   After 2 drops, colour changed to dark blue
●   Instantaneous reactions/change in colour

	Adding 1 mol/L of HCl dropwise until change was observed after 14 drops
(3)(c)
	●   HCl is a clear liquid
●   After 6 drops, colour of solution started fading slowly becoming lighter
●   A total of 10 drops were used to return the solution to its original light blue color
●   Some precipitate was at the bottom of the tube

	Repeating steps 2-3
(4)
	●   After 2 drops of NH3, color changed to dark blue and was translucent 
●   After 17 drops of HCl, color faded back to the original, becoming clear light blue



a) Light blue as a colour and the solution is clear and Cu2+ ion is responsible for the blue colour.

b) Colour turned dark blue after 2 drops of NH3. No precipitation was present. This was caused by copper-ammonia reaction intensifying the colour of the copper:
[Cu (H2O)4]2+(aq) + 4NH3(aq) ⇌ [Cu(NH3)4]2+(aq)  + H2O(l)

c) The change of the ammonia into ammonium was caused by the reaction of the hydrogen ions, that caused the removal of ammonia from the previous reaction. The addition of HCl thus created more products, which caused the reaction to favour the reactants and shift to the left. This caused the Cu2+ ions to create a lighter blue.
H+(aq) + NH3(aq) ⇌ NH4

Table 2: Multiple equilibria
	Steps
	Observations

	Adding 0.5mL of 0.1mol/L Na2CO3 
(5)(d)
	●   Na2CO3 is a clear liquid 


	Adding 0.5mL of 0.1mol/L AgNO3 
(6)(e)
	●   AgNO3 is clear liquid
●   After the adding it, solution turned to light sandy brown colour
●   Opaque and cloudy

	Adding 6mol/L HNO3 dropwise until change is observed
(7)(f)
	●   HNO3 is a clear liquid
●   After 2 drops, solution turned to clear liquid

	Adding 0.1mol/L of HCl dropwise until change is observed
(8)(g)
	●   HCl is a clear liquid
●   After 2 drops, solution became cloudy white.
●   Solution is opaque and whitish

	Adding NH3 dropwise until change is observed 
(9)(h)
	●   NH3 is a clear liquid
●   After approx. 3 drops, solution became clear and colourless



d)  The solution is clear. The mixture is clear because the carbonate ions have dissolved in the water, forming an aqueous solution.

e) A change of colour to light brown with an opaque solution. This is because of the double displacement reaction that occurred and the silver ions that are responsible for the colour change:
2AgNO3(aq) + Na2CO3(aq) ⇌ Ag2CO3(s) + 2NaNO3(aq)

f)  After the second drop, the solution turned into a clear liquid was observed. The reaction is not reversible because one of the products is a gas, which will most likely not be contained and will not be present for the reverse reaction. The addition of HNO3 causes a reaction between an acid and a base which then forms the carbonic acid ion. The carbonic acid ion decomposes to form water and carbon dioxide. The carbonic acid ion will choose to take carbonate ions from the Na2CO3 or Ag2CO3, leaving one of them behind in the solution:
 2H+(aq) + CO32-(aq) ⇌ H2CO3 (aq) → H2O(l) + CO2(g)

g)  The solutions colour became white and it was opaque. This because of the addition of HCl attracting free silver ions to bind with its chlorine ions. This causes a precipitate to form, which gives of an opaque like colour as observed:   
Ag+(aq) + Cl-(aq) ) ⇌ AgCl(s)

h)  A colour change of the solution becoming clear again was observed as well as a strong odour. The introduction of NH3 caused the ammonia to bind with silver ions that were either from the solution or the silver chloride. Once all the silver chloride reacts, this creates a clear solution and causes the change of clarity:
Ag+(aq) + 2NH3(aq) ⇌ [Ag(NH3)2]+ (aq)
2. These steps could not be completed during the lab as in the raw data. Hence 2, i, and j are not present.



Table 3: Buffers

		Steps	
	pH
	Observations

	Adding 100mL of distilled H2O onto the beaker and stir plate
(14)(k)
	5.20
	●   H2O is a clear liquid	

	Adding 2.50g of NaHCO3
(15) (l)
	7.64
	●   NaHCO3 is a white powder
●   no change in colour/visuals
●   dissolved slowly in water 	

	Adding 30mL of 0.1M HCl (16)(m)(n)
	7.55
	●   HCl is a clear liquid
· pH dropped slowly
· no change in colour/visuals	

	Adding 10 mL of 0.85% lactic acid
 (17)(o)
	7.52
	●   Lactic acid is a clear liquid
· no change in colour/visuals

	Increasing the rate of stirring 
(18)(p)
	No change
	●   No change in pH
●   There were bubbles on the sides 
· no change in colour	

	Adding 0.50g NaHCO3 
(19)(q)
	7.69
	●   Speed of stirring was increased to increase until NaHCO3 dissolved 
  ●   no change in colour, bubbles were present

	Adding another 0.50g NaHCO3 
(20)(r)
	7.79
	●   Speed of stirring was increased to increase until NaHCO3 dissolved
  ●   no change in colour, bubbles were present

	Adding a big pellet of CO2 
(21)(s)
	7.85
	●   Dry ice is a big white pellet
· white gas/smoke was escaping
· Dry ice slowly dissolving
· Bubbles of CO2 also escaping
· No change in colour

	Adding 0.40g of NH4Cl 
(22)(t)
	7.48
	●   NH4Cl is a white powder
●   pH decreased slowly 
 ●   No change in colour



k) The pH was measured to be 5.20, which was not expected because water is a neutral substance that has a pH of 7. This tells us this water is slightly more acidic than normal water. Because it is distilled water that has a pH of 5, therefore it is a pH in a suitable range.

l) The pH increased to 7.64 as the solution became more basic. This was due to the addition of NaHCO3, which then dissociated to become the HCO3-(aq) ion. The formation of this ion is what caused the rise in pH:
NaHCO3 + H2O ⇌ Na+(aq)+ HCO3-(aq)
m) The HCl was added to the solution as it became too basic and the pH needs to be lower. H2CO3 was created through the addition of the acid through the H+ ions bonding with the current HCO3- ions in the solution. The addition of the acid causes the equilibrium to shift in order to make H2CO3, whic0h lowers the pH:
2H2O(l) + CO2(g) ⇌ H2CO3(aq) + H2O(l) ⇌ HCO3-(aq) + H3O+(aq)
n)  When the acid was added to the hydrogen carbonate ion, some small bubbles appeared on the inside of the test tube and the pH slowly dropped to 7.55. This happened as the reaction shifted left in order to make more H2CO3, which decreased the pH. So, the pH of the solution is more basic than the distilled water measured in the beginning. The current pH is closer to the pH of blood, but it is still too acidic to compare as the Ph of blood falls in-between 7.35 and 7.45. The current species present in the solution are bicarbonate ions, hydronium ions, carbonic acids, water molecules, and chlorine ions which do not contribute to the reaction. Considering the solution is slightly acidic, the assumption is there are more carbonic acid molecules than bicarbonate ions. According to the blood buffer theory, this needs to be improved as there needs to be a higher ratio of bicarbonate ions in the blood compared to carbonic acid molecules for blood to remain slightly basic:
2H2O(l) + CO2(g) ⇌ H2CO3(aq) + H2O(l) ⇌ HCO3-(aq) + H3O+(aq)
o)  The pH of the solution went through a slight decrease to 7.52, which triggers the reaction of lactic acid into the blood. The lactic acid only added a slight decrease in pH. This makes the blood more acidic and causes equilibrium to shift to the left in order to produce carbon dioxide. The carbon dioxide is then released from the body through respiration. In this reaction, equilibrium shifts to the left after the dissociation of lactic acid into H3O+ in order to deal with the increase in acidity:
2H2O(l) + CO2(g) ⇌ H2CO3(aq) + H2O(l) ⇌ HCO3-(aq) + H3O+(aq).   
(The lactic acid however never obtained its desired pH which will be mentioned in the discussion.)
p)  The pH of the solution did not change, and it does not match the information that was given. The increasing of the stirring rate would cause more carbon dioxide to be lost and equilibrium would shift to the left in order to make up for it. This should decrease the pH because the concentration of bicarbonate ions would have also decreased:
2H2O(l) + CO2(g) ⇌ H2CO3(aq) + H2O(l) ⇌ HCO3-(aq) + H3O+(aq)
q) The pH increased to 7.69, showing that the solution is slowly becoming more basic after the introduction of NaHCO3. The increase in pH is caused by the higher concentration of bicarbonate ions, which in turn is caused by the NaHCO3 molecules dissociating in the solution.  
r) The pH of the solution increased after adding more NaHCO3 to 7.79, which makes sense because a base was added to the solution and this is supposed to increase the pH. At this point, the pH of the blood would still be a too basic, because the normal range for the pH of blood is from 7.35-7.45.
s) The pH of the solution increased after adding the pellet of dry ice the beaker the slightest to 7.85. The addition of the dry ice caused smoking at the top of the solution, which was gas caused by its extensive change of temperature. After the pellet of dry ice slowly dissolved into the solution to produce carbonic acid with the water. The addition of the pellet was used to simulate a decrease in pH from slow breathing when alkalosis occurs. Even though the pH of the solution increased instead of decreasing, this can still simulate slow breathing for alkalosis, because the pH was still incredibly below the desired pH of blood:
2H2O(l) + CO2(g) ⇌ H2CO3(aq) + H2O(l)
(Additional dry ice was added to achieve a greater decrease in pH.)
t) [bookmark: _Hlk22999756]The pH of the solution increased to 7.48 and remained mostly at this constant value. This value of pH is very close to the value at the beginning of the procedure after adding NaHCO3 for the first time. Normally, the introduction of NH4Cl in the blood is used to treat alkalosis by decreasing its pH. In the solution, the pH remained constant, before increasing, when the NH4Cl was first introduced because normally the pH should decrease when an acid is introduced. After, the NH4Cl dissociated into the solution created ammonium and chlorine ions before dissociating even more to form H3O+ and NH3. This creates an increased concentration of hydronium ions which needs to be compensated by an equilibrium shift. This creates more H2CO3 and causes the pH to drop as it is an acid:
2H2O(l) + CO2(g) ⇌ H2CO3(aq) + H2O(l) ⇌ HCO3-(aq) + H3O+(aq)

Discussion:

Equilibrium only changes under three circumstances, it is either when their temperature, pressure or concentration is change. This lab mainly focuses on concentration, because it was a controlled variable, also that temperature is the only variable that can change the equilibrium constant. These changes can be represented by Le Chatelier's Principle as it states if a constraint is applied to a system in equilibrium, the equilibrium will shift as it tends to counteract the effect of the constraint. After any encounter with the outside world the reaction will try to prevail the changes and go back to when the forward and opposite reactions are equal. 

The purpose of this lab was to see how concentration and buffers affect the equilibriums of three various reactions. The first reaction demonstrated after placing CuSO4 into a test tube along with NH3 that caused a reaction which turned the solution to a dark blue colour. In that same test tube HCl was added which caused the solution to revert to its original colour which was a light blue colour. Hence, proving Le Chatelier's Principle that after a reaction is missed with it will revert to when the forward reaction is equal to the reverse reaction. 

The second experiment demonstrated that by adding Na2CO3(clear) to AgNO3 created a light brownish colour. Then by adding HNO3 it revered the process reverting the Na2CO3 back to its clear solution. After adding HCl to the solution turned it back to a brownish colour. The solution was then followed by NH3 once again reverting the whole mixture back to a clear solution. After the addition of HNO3 and the test tube began to smoke, NH3, KI, and Na2S were added the solution remained to stay clear. This experiment proves the theory of multiple equilibrium that states that a reaction that contains acids and bases has to have a minimum of two equilibrium, and one of these experiments must contain water as the reaction happens in an aqueous environment. An example would be 
NH3(aq) + H2O (l) ⇋ NH4+(aq) + OH-(aq)
2 H2O (l) ⇋ H3O+ (aq) + OH-(aq) 

In the third experiment, the addition of NaHCO3 to the beaker filled with distilled water caused the solution to change colour and appearance. It turned to white/cloudy, also it formed crystals at the bottom of the beaker. Afterwards, adding HCl caused the solution to become clear and transparent again. Shortly, lactic acid was added to the solution causing it to slightly decrease the pH by 0.14. Unfortunately, this wasn’t the desired outcome. It was expected that there would be a greater decrease in pH. Thus, the equilibrium was shifted more to the left. Lactic acid didn’t react properly due to human error. When the stirring rate was increased, there was no effect on the pH, rather there were more bubbles appearing. The process was repeated, we added NaHCO3 for the second time and the pH level increased to 7.79. Dry ice was added in order to raise pH even higher. Lastly, NH4Cl was added to increase the pH, and a lot at that. This was to correct the error in lactic acid. and return it to pH close to the starting point. Therefore, this experiment proves the theory of buffers by adding weak bases and acids reactions can resist changes in pH imbalance. Unfortunately, because of many human errors the pH was slightly basic – 7.48. If such errors were avoided, pH would have returned to a neutral 7.





 Questions:
1a) Ammonium chloride (NH4Cl) consists of HCl. The decomposition of NH4Cl results the following reaction as shown below:
NH4Cl (s) ⇋ NH3(g) + HCl(aq)
Ammonia is a base and it reacts with hydrogen chloride; hydrochloric acid then forms NH4Cl. Ammonia then forms ammonium after its reaction with hydrogen chloride taking a proton from it. This is only possible because hydrogen chloride is a strong acid, it exists in the form of H+ and Cl- ion. In addition, ammonium cannot be added to chlorine since ammonium is highly unstable.
1b) Ammonium chloride helps maintain the pH levels within the bloodstream. The molecule is colourless and is a crystalline. It’s highly soluble in water and specifically the bloodstream. Thus, it forms a slightly acidic solution. Since the dissolving of ammonium chloride forms an acidic solution, it also allows for it to act as a buffer and lower the pH levels of blood. If ammonium Iodide was used instead, even though its soluble in blood, it would form crystals which would block the veins and arteries. Lastly, ammonium chloride is a neutral salt with low reactivity and toxicity. 

2) The addition of acidic substances caused solutions to change colours to clear/colourless. Theoretically, the addition of acidic substances should lower the pH, this was not the case during the lab, the pH stayed relatively the same. If things were to have gone as planned, and a drop had occurred, the equilibrium would have moved to the right in favour of the products producing more H3O+ due to the CO2 (dry ice) that was added to it. 
Strong Acid + H2O → H3O+ + OH + S- 

3) The reaction of the transportation of oxygen using hemoglobin can be shown in the following equation:
Hb4(aq) + 4O2 (aq) ⇋ Hb4O8 (aq)
Within the lungs is where there is the most abundance of oxygen, and in accordance to Le Chatelier's principle the equilibrium will shift towards the right (favouring products) to make Hb4O8 (aq), additionally recognised as oxyhemoglobin. The concentration of oxygen is a whole lot lower in tissues and as a result the equilibrium will shift to the left (favoring reactants). Oxyhemoglobin will be now used to make greater hemoglobin.

Hemoglobin is used in multiple parts of the equilibrium reaction. The net reaction is:
HbH+(aq) + O2(aq) ⇋ HbO2(aq) + H+(aq)

Regular metabolic (such as digestion & respiration) reactions will create many acids as a by-product. This result will extend the amount of hydrogen ions, which in flip will decrease pH, and will cause the equilibrium to shift once more in the direction of the left side. This is in many instances known as acidosis.
The result of acidosis performs a toll on the body due to the decreased amount of oxygen on hand for the body causing complications and weariness. Acidosis is very frequent when working out (only temporally) the body wants an colossal amount of strength and this surpasses the potential for oxygen to complete the mission of converting glucose to carbon dioxide. Instead glucose is rather converted into lactic acid.
Ref: (Collins, J., Rudenski, A., Gibson, J., Howard, L., & O’Driscoll, R. (2015, September))

4) When using droplets of HCl on blood samples, it causes the original blood sample to change colours from red to a blackish one. Hydrochloric acid is a very strong acid and once it’s in contact blood, it prevents oxyhemoglobin (HbO2) from performing it’s task. Oxyhemoglobin contains oxygen which is basically hemoglobin bonded to oxygen molecules. If oxyhemoglobin is not working, the transport of oxygen is reduced. As a result, this moves the equibilirium to favor the products just so the reaction can create more HbH.

5) The pH of the flat soda is going to be greater than the fresh sparkling soda. In the fresh soda can there is pressurized CO2 inside the mixture, giving us that enjoyable fizz, the carbon dioxide in the soda creates a derivative by-product of carbonic acid. Carbonic acid is what exactly offers us that fizz, and as the CO2 diminishes away over time the drink turns into flat and loses its fizz. The remains of the CO2 are nonetheless there in the structure of weak acid and water. And since acid has a decreased pH than the water, the overall soda needs to have a pH that is higher.

6)  As chickens cannot sweat once they get hot, they begin to pant due to the depletion of CO2.Furthermore, all these equilibriums are connected and begin to change and shift to compensate for the shift. A shift in terms of the loss of CaCO3(s), thus giving the eggshells a thinner barrier. If you were to inject or just feed the chickens some carbonated water the equilibrium will shift and revert to normal provided us with hard shells in return.


Conclusion:
To wrap it up, all three experiments proved Le Chateilier’s Principle on equilibria. The observations collected from all the experiments correspond to the results and shows that Le Chateilier’s Principle proves to be true along with buffers.

References:

 	 Collins, J., Rudenski, A., Gibson, J., Howard, L., & O’Driscoll, R. (2015, September)

Jangles, J. (2019, January 3). Lactic acid for pH level reduction. Retrieved from https://www.howtohomebrewbeers.com/2019/01/lactic-acid-ph-sour.html?m=1.

[bookmark: _GoBack]  Chemical equilibrium | Chemistry | Science. (n.d.). Retrieved from https://www.khanacademy.org/science/chemistry/chemical-equilibrium.
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CONFIDENTIAL PEER EVALUATION FORM FOR EXPERIMENT
Each team member must submit one assessment form evaluating each other member of the team.
Teams may consist of 2-3 members for reports and up to 18 for planning sessions.
You may edit this form.
Do not share or discuss the contents or possible contents of this assessment with others.

In assessing the work of your fellow team members, consider the following aspects:

e Quality of work . Ability to get along with others
e Contribution to the work as a whole . Improvements when asked to correct
Team member name Comments Grade (/5)

Me and Mustafa both put effort in this project equally. He's |a great

Mustafa Warsame partner to work with and he's a perfectionist which is great ! 5/5

A — Excellent (5) B: Great (g) C:Good (3) D: Fair(2) F: Poor (1)

Note: Do not evaluate yourself on this form
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