Experiment 3
 
Experiment Title:
“Violent fires soon burn out themselves  small show’rs last long, but sudden storms are short”
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Procedure:
Refer to CHM1311 Lab Manual, “Experiment 3 Theory and Instructions” - Rashmi Venkateswaran, Pages 9-10, 2019.
Discussion:
        	Equilibrium Shift				
(a) The colour of the  is a light blue transparent liquid. The copper ion causes this as when it is hydrated it’s crystalline framework is surrounded by water molecules attracted to the copper’s positive charge. The difference in energy codes for red/orange photons, these are then absorbed thus emitting a blue colour. 
(b) In the addition of one drop of concentrated which is a clear transparent solution. The solution of changes from its original transparent light blue to a transparent dark royal blue. We also noticed what could have been a precipitate once the  was initially added but it did not stay. The solution of is concentrated therefore produces only water as a secondary product however, if the solution was not concentrated enough the reaction may not reach equilibrium thus it will produce a copper hydroxide precipitate potentially causing our confusion about a precipitate. The colour gets darker as a result of the newly formed because the ammonia has replaced some of the water molecules increasing the energy and allowing the absorption of yellow photons in addition the the red/orange emitting a darker shade of blue. This is modelled by the following equation:
(1) [Cu(H2O)4]2+ (aq)  +  4 NH3 (aq)  ⇌  [Cu(NH3)4]2+ (aq)  +  4 H2O (l) 				
c) After adding about 6 drops of clear transparent solution we noticed the mixture turned a lighter more opaque blue. 
(6) H+ (aq)  +  NH3 (aq)  ⇌  NH4+ (aq)
The addition of an ion in to   creates NH4+ which when combined with copper decreases the concentration, shifting the initial reaction (1) left creating more reactants and the lighter blue colour. We saw a similar colour before in the solution of which again makes sense because as the reaction shifts left the reactants are favoured therefore is prominent.
1. In step 4 we repeated steps 2-3 so first we added more of the concentrated and we observed that after one drop the mixture went back to a dark royal blue. However, after adding 21 drops of did not reverse the change fully back to light blue, but got slightly lighter. Step 2 showed the same results but step 3 showed similar but not identical results as when it was executed initially. We would expect these to be the results as when each of the solutions are added again the equilibrium continues to shift. When is added again equilibrium shifts to favour the products and ion turns the mixture to a dark royal blue. When is added ir in essence reverses the reaction and favours the reactant forming the light blue .
Multiple Equilibria				
(d) The solution of Na2CO3 is initially clear and transparent. Both and  ions in the solution are colourless and transparent therefore making the solution what it is.
(e) After we added 0.5mL of the given concentration of 0.1mol/L AgNO3 the mixture changed to an opaque yellow brown colour. The observations we made can be explained by the following reaction: 
· 
(2) 2AgNO3 (aq)  +  Na2CO3 (aq)  ⇌  Ag2CO3 (s)  +  2 NaNO3 (aq) 	
Once the AgNO3 reacts with Na2CO3 it creates Ag2CO3 and 	NaNO3. The Ag2CO3 creates a precipitate as shown in the reaction above as it is a product of the reaction and it is a solid, this caused the opaque cloudiness that we observed. As for the brown colour, this is caused by the ion.	
(f) After 5 drops of 6 mol/L were added to the mixture, the liquid became clear/transparent again and the precipitate disappeared.			
·  
· (3) 2 H+ (aq)  +  CO32- (aq)  ⇌  H2CO3 (aq)  ⇌ H2O (l)  +  CO2 (g)
After adding the  the Ag2CO3 precipitate dissociated into its ions and . The  ion then combined with the  H+ ions in to make  H2CO3 (aq), H2O (l), and CO2 (g). These products are all colourless compounds contributing to the clear results we observed. No, this change is not reversible, since this reaction produces a gas (CO2) and we were working in an open system the gas very likely all escaped. Therefore we could not reverse this reaction as we would not have all the necessary reactants.  					
(g) After 4 drops of HCl are added, the solution turns to a slightly opaque white. 
(4) Ag+ (aq)  +  Cl- (aq)  ⇌  AgCl (s)
· 						 			
· From chemical reaction 4 above we can see that by adding HCl the silver ion Ag+ already in the test tube reacts and combines with the chlorine ion Cl- from HCl to form solid AgCl. AgCl forms a white precipitate giving the opaque white colour we observed. 
· 
(h) After 6 drops of, the liquid turns back to clear/transparent with a small amount of precipitate at the bottom and the test tube was hot to the touch.  
· 
· (5) Ag+ (aq) +  2NH3 (aq)  ⇌  [Ag(NH3)2]+ (aq)

· The added reacts with the silver ion Ag+ already in the mixture to form [Ag(NH3)2]+ . The mixture is clear because the AgCl precipitate formed in equation 4 would have ionized allowing Ag+ to be free then react with NH3 as shown in equation 5. The reason that the test tube was fairly after adding the is because when it reacts with Ag+ as in equation 5 the reaction is exothermic, thus releasing heat.
· 
· 2.	When we repeated step 7 and added 11 drops  the mixture was opaque white and remained warm. This is not the exact same as when we observed being added for the first time. This is because the CO2 from when we initially did step 7 had escaped from the system therefore inhibiting from combining a second time with the carbon and oxygen elements. After adding NH3 the mixture was observed to be half opaque white and half transparent.
	 			(6) H+ (aq)  +  NH3 (aq)  ⇌  NH4+ (aq)
Equation 6 represents the addition of 	NH3 to the test tube this shows the same results as in step 9 where it formed a transparent liquid with minimal precipitate.
(i) After we added about five drops of KI the mixture in the test tube turned an opaque yellow/white. 
(7) Ag+ (aq)  +  I- (aq)  ⇌   AgI (s)
These observations occur because when the Ag+ ions react with I- ions they form a precipitate of solid AgI as shown in equation 7. The precipitate would contribute to the white opaque attributes of the mixture. The yellow tint is formed from AgI as it is highly polar and has a yellow colour that can be partially observed within the opaque solution.

	(j) When we added three drops of the mixture changed to an opaque dark grey/brown. These observations can be explained by equation 8 below:
(8) 2Ag+ (aq)  +  S2- (aq)  ⇌ Ag2S (s)
By adding the S2- and Ag+ created a new precipitate of Ag2S. The Ag2S gives the dark grey/brown colour.
Buffer Solution and blood pH
(k) The pH of the water is 6.2. We were expecting it to be closer to a pH of 7 as water is neutral. The pH that we received is slightly acidic. This could be because the water absorbs the carbon dioxide from the air which causes a change in pH and forms carbonic gas.										 							
	(l)  The pH increases from 6.2 to 8.2 after adding the NaHCO3. The rising of the pH shows that the solution has become more basic. Sodium bicarbonate is a weak base which means that it will ionize the water and create the ions HCO3- and H3O+ in the following reaction:
· 
· 2 H2O (l) + CO2 (g)  ⇌  H2CO3 (aq) + H2O (l)  ⇌  HCO3- (aq) + H3O+ (aq)
 						
(m) By adding the acid, the pH drops to 7.3. This has caused the solution to become more neutral once again. Having the acid and the hydrogen carbonate together we have created a buffer system. The equation for the buffer system is shown below:
 		
· 2 H2O (l) + CO2 (g)  ⇌  H2CO3 (aq) + H2O (l)  ⇌  HCO3- (aq) + H3O+ (aq)	
· 						 						(n)  What did you observe when the acid was added to the hydrogen carbonate ion? Why did you observe this? What is the pH? How does it compare to the pH of distilled water? How does it compare to the pH of blood? What species are present in the solution? Is there more of one species than another? Is this what you want based on the theory?
· 
· When the acid was added to the hydrogen carbonate ion the pH dropped to 7.3. This pH is now more basic than the pH of distilled water. The pH of blood is 7.35-7.45. By creating a carbonate/carbonic acid buffer in our solution we were able to mimic the pH of blood in our bodies.
	
	(o) After adding 10 mL of 8.5% lactic acid the pH drops to 7.19. This is much more acidic than the step before. This stimulates a situation of acidosis in the body because the lactic acid is building up and creating a more acidic environment. This is a situation that would happen when a person is exercising intensely. The lactic acid builds up in order to aid in breathing and increasing the metabolic acids. The following equation describes this situation:
· 	
· 2 H2O (l) + CO2 (g)  ⇌  H2CO3 (aq) + H2O (l)  ⇌  HCO3- (aq) + H3O+ (aq)	
· 
· As H3O+ increases, the reaction will shift to the right. The increase of H3O+ causes the solution to be more acidic. This is what happens when the lactic acid is added in excess as well.
· 				 							
	(p) We did not observe a change in the pH of this part of the reaction but there were some gas bubbles being released in the solution. Our observations partially matched the information that was given to us regarding the bubbles being released.The vigorous stirring of the solution caused increased entropy. This was observed in the gas bubbles being released because as the gas was stirred into the liquid, the gas did not want to be stirred therefore it was released. The pH should have become more basic to cause alkalosis because the CO2 was being released. The following reaction describes these events:
· 
·  
· 2 H+ (aq)  +  CO32- (aq)  ⇌  H2CO3 (aq)  ⇌ H2O (l)  +  CO2 (g)
As the CO2 is released	, the solution becomes more basic and returns to equilibrium (H2CO3). 			 							
	(q) After adding the sodium bicarbonate, the pH increased to 7.31. Increasing the amount of  CO32 raises the blood pH. In our case, the addition of sodium bicarbonate brought the pH back to a more neutral and safe state for blood. Once again, we will be observing the same equation for this reaction:
· 2 H+ (aq)  +  CO32- (aq)  ⇌  H2CO3 (aq)  ⇌ H2O (l)  +  CO2 (g)
Adding the sodium bicarbonate shifted the equation towards the left side. Since the pH was already more acidic and we added the CO32 the reaction would have paused in the middle at H2CO3	.	
					
	(r)  After adding more NaHCO3, the pH became 7.41. During the previous step when sodium bicarbonate was added, the pH was 7.31 which is slightly lower than we would want for blood. After adding the NaHCO3 and bringing the pH up to 7.41, it is now at a safe level. The body is now in a neutral condition as it is not in acidosis or alkalosis.	
			2 H+ (aq)  +  CO32- (aq)  ⇌  H2CO3 (aq)  ⇌ H2O (l)  +  CO2 (g)
The equation above describes the events happening. We have increased the CO32- on the left of the equation therefore the equation shifts towards the right side eliminating acidosis and alkalosis. In this step, the error was supposed to be stimulated and the pH was supposed to increase even more. This did not happen because we had been constantly stirring the solution so the reactions were not as strong.			

(s) After adding the pellet of CO2 the pH did not change but there was a formation of a white fog on top of the water. The fog that we see is caused by sublimation (Pappas, 2010). The solid form of CO2 (which is dry ice) converts directly to gas with no liquid stage in between. The pellet floated on top of the water which caused the dry ice to turn directly to gas and did not mix with the liquid.
· 		 							
· 2 H+ (aq)  +  CO32- (aq)  ⇌  H2CO3 (aq)  ⇌ H2O (l)  +  CO2 (g)
When looking at this equation and referring to the previous step when NaHCO3 was added, we can see that nothing would have changed. The CO2 in this step was unable to mix as it turned to a gas too quickly causing no change in pH or equilibrium.

	(t) After adding the ammonium chloride to the beaker there was no change in the pH. We did not observe a change as the stir rod was still mixing our solution. This constant mixing caused the solid to quickly escape the liquid as a gas and no changes would be made. If we were to have stopped stirring, the pH should have lowered and become more acidic.
· 2 H2O (l) + CO2 (g)  ⇌  H2CO3 (aq) + H2O (l)  ⇌  HCO3- (aq) + H3O+ (aq)
When a substance becomes more acidic, the H3O+ content increases. In this case, the pH started off being too high and by adding the acid to lower it we would have brought it back to equilibrium. The final state of the “blood” in this experiment is a healthy stable state after it has been brought through acidosis and alkalosis.				
Conclusion:
 In conclusion, we observed different types of shifts in equilibria and the effects of Le Chatelier's principle. We observed multiple equilibria of the silver ion and how different solutions can shift the equilibria and physically change the solutions. Finally, we prepared a buffer system to mimic that of blood and observed the effects of acids and bases on the system and how the changes related to similar systems in the human body.
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Answers to Questions 1-6:
1. 
        a) The ammonium ion was used as the acid source instead of HCl because ammonium is a dilute weak acid compared to HCl which is very strong. It is beneficial to use a weak acid as it will give the desired effect of lowering the pH as it’s an acid however it is not too strong. A buffer solution is an aqueous solution that resists change in pH. HCl would be too strong of an acid to put directly into the blood as it could have very negative effects such as acidosis where the solution is significantly less than pH of 7.35 and can cause death.
         b) is used instead of other ammonium compounds because it is safe for the body. Many other ammonium compounds such as and are irritants and can be harmful to skin, the respiratory tract, and blood. Also  readily dissociates in water whereas is highly soluble and  is less soluble so  is a good middle.
 	2. Each time an acidic substance was added to the beaker we observed that the pH of the solution would decrease. This makes sense as the lower side of the pH scale (below 7) is the acidic side. The pH would decrease until equilibrium is reached. 			
3. Acidosis means that the blood pH is significantly less than 7.35 and the blood is too acidic. When blood pH decreases less oxygen is able to bind to hemoglobin, and there is an increased concentration of in the blood. This increased concentration of allows it to bond with hemoglobin over oxygen thus increasing in the lungs and respiratory tract which is harmful to the patient.
	
From the equation above we can see that by adding acidic ions the equilibrium favors the reverse reaction (to the left) and decreases the amount of . Therefore less oxygen is being transported and again would be harmful to the patient.
4. Blood is generally red as shown in the test tube on the left. The red colour of blood is due to the interactions of iron and oxygen in the hemes of hemoglobin The test tube on the right containing the same solution as that on the left with a small amount of HCl in it is very dark brown/red. The solution on the left is a combination of blood and water, since blood is normally a fairly neutral solution when it is combined with neutral water the solution itself remains neutral and the blood remains in its preferred condition. When combined with the very strong acid HCl the blood turns acidic and as discussed in question 3, binds to less oxygen molecules. When it binds to less oxygen molecules the blood becomes deoxygenated making the blood much darker red.
5. When the soda is placed on the magnetic stirrer and goes flat, the pH of the flat soda should be less acidic and higher on the pH scale. Soda that has gone flat has lost .  is slightly acidic because it can establish equilibrium with water giving off hydrogen ions. The carbonic acid in sodas is what's created when carbon dioxide and water mix therefore when the carbon dioxide escapes its acidic properties are lost as well.
 						
6. Panting is a form of hyperventilation. When the chickens pant they are exhaling more carbon dioxide than normal. This causes the equilibria in the following equation to shift left in order to replenish the CO2 lost. This leads to there being less H3O+ in the blood which causes alkalosis.
2 H2O (l) + CO2 (g)  ⇌  H2CO3 (aq) + H2O (l)  ⇌  HCO3- (aq) + H3O+ (aq)
When a chemical decreases on the left side, in this case CO2, everything else on the left side will increase. On the right side of the equation everything will decrease. This means that the HCO3- will decrease. Since there will be less carbonate to combine with the calcium ions to make calcium carbonate for their eggshells, their eggs will be thinner and will not be as strong.
“During heat stress calcium intake is reduced as a direct consequence of reduced feed intake and this stimulates bone resorption resulting in hyperphosphatemia. This inhibits the formation of calcium carbonate in the shell gland.” (Lokesh, 2019). This is important to understand because it is necessary for calcium as well as the carbonate to be produced properly.
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[Cu(H2O)4]2+ (aq)  +  4 NH3 (aq)  ⇌  [Cu(NH3)4]2+ (aq)  +  4 H2O (l)
 

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

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

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

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

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

	 
Ag+ (aq)  +  I- (aq)  ⇌   AgI (s)
 

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

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



