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Introduction
All reactions are considered to be reversible, providing a forward and reverse reaction that favor either the products or reactants of a reaction. Under certain conditions, a reaction can reach a state called equilibrium. Equilibrium is when the concentration of products and reactants are no longer required to be changing because the forward and reverse reactions are progressing at the same rate. When a system is at equilibrium, it does not mean that it stops. Equilibrium is considered to be a dynamic state so the reaction is continuing on at a microscopic level where no visible changes can be observed.
The K value can be used to predict the direction of the reaction. If K is very small, typically between 1 and 0, then the reaction favors the reactants, following the reverse reaction. If the K value is large, greater than 1, then it favors the products, following the forward reaction. K can also be calculated using pressure values, and the K values using concentration and pressure can be found using the equation Kp = Kc(RT). For any aqueous reaction we can write the expression for the equilibrium constant, K. We can use this equilibrium constant to calculate the concentrations of the reactants and/or products:

The reaction quotient for equilibrium problems is represented by the variable Q. It provides the ratio of products and reactants at any time during the reaction, not just equilibrium. If Q is greater than K, the forward reaction is favored, if Q is less than K, the reverse reaction is favored, and if Q equals K then the system is at equilibrium. Acid and base dissociation constants can also be found following the same.
Le Chatelier’s Principle suggests that a disturbance in a reaction at equilibrium will cause the reaction to adjust by completing net reactions that will ultimately reduce the effects of the disturbance. A disturbance can be the change in several conditions that subject an equilibrium to change, including: temperature, pressure, volume and more. This principle states that a reaction will always move in the direction that minimizes the effect of nay change imposed on a system at equilibrium. When the equilibrium in an equation lies overwhelmingly to one side (usually we write the equation so that the equilibrium favors the right side), the species which dissociates completely is termed strong. On the other hand, a weak acid or base is one that does not dissociate completely when placed in water. We can define an equilibrium constant for the acid, also called an acid dissociation constant . This equation can also be derived using the constant K value for water, 1.0 x 10-14


The pH scale is a logarithmic scale that spans from 0 to 14. The scale is used to display how acidic or basic a solution is. If the solution has a greater concentration of hydronium ions, it will be acidic, and . If the solution has a greater concentration of hydroxyl ions, it will be basic, and we would have . The product of both concentrations must always equal  The following equations can be used to calculate the concentrations of hydronium and hydroxide ions, as well as the overall pH (all brackets are meant to be square). 





A chemical buffer is an aqueous solution made up of both a weak acid and its conjugate base, or a weak base and its conjugate acid. It can maintain a steady pH level by reacting to small amounts of strong acids or bases in the solution. The chemical buffer comprises three separate buffers: a carbonate/carbonic acid buffer, a phosphate buffer and a plasma protein buffer. To create a buffer, it is necessary to have an appreciable amount of both the acid and its conjugate base in the solution. 
The buffer systems in the human body play a major role in maintaining homeostasis and overall health. The carbonate/carbonic acid buffer system is what maintains pH levels in the blood stream. The two chemicals work to neutralize each other when the blood becomes too basic or acidic, making them in equilibrium with each other, however there is a much larger quantity of bicarbonate present in the bloodstream at any given time. This ratio is because there are many more acids, such as lactic acid, that are produced in the body than there are bases. Carbonic acid is a weak acid that is used to neutralize any metabolic bases that are produced, and bicarbonate is a weak base that will neutralize the metabolic acids. The overall reaction for this buffer is
H2O (l) + CO2 (g) ⇌ H2CO3 (aq) + H2O (l) ⇌ HCO-3(aq) + H3O+(aq)
Acidosis is a condition where there is too high a concentration of acids in the blood stream. This has many causes, but a common one is due to a lactic acid build from strenuous exercise. In extreme cases, a weak base will be injected into the bloodstream in an attempt to raise the patient’s pH level. Alkalosis is the opposite case where a person’s blood has a too high of a concentration of basic materials. 
The respiratory system is coupled with the circulatory system, because the transfer and concentration of carbon dioxide in the blood has a large effect on its overall pH. Because carbon dioxide is one of the products/reactants of the carbonic acid/bicarbonate buffer reaction, it is very important in maintaining that equilibrium. An increased breath rate causes more carbon dioxide to leave the body than normal. This shifts the equilibrium to the left, producing less hydronium and carbonic acid and therefore raising the pH level. If a person is not breathing enough they are not expelling enough carbon dioxide from their blood causing the equilibrium to shift right producing more carbonic acid and hydronium ions making the blood to acidic. Both of these situations can lead to acidosis or alkalosis, proving to be very dangerous.


Procedure:
Part 1: Equilibrium Shift
1. Collect all required materials (refer to Equipment and Chemicals needed on page 8 of Equilibria lab).
2. Add approximately 1 mL of 0.1 mol/L CuSto a clean test tube. Record observations. 
3. Add concentrated N solution until there’s a noticeable change. Record the number of drops added to the liquid and record observations.
4. Add 1 mol/L HCl until there’s a noticeable change. Record observations. Repeat steps 1-4 two more times for more trials (optional).
5. Use balanced equations to describe what’s occurring.
6. Briefly answer the questions to Part 1 Equilibrium Shift on page 10.
Part 2: Moving On: Multiple Equilibria
7. Place 0.5 mL of 0.1 mol/L  solution in a test tube. Record observations.
8. Add 0.5 mL of 0.01 mol/L solution in a test tube. Record observations.
9. Add 6 mol/L  until we see a chemical change. Record the number of drops and record observations. 
10. When the solution is clear, add 0.1 mol/L HCl until we see a change. Record the number of drops and observations.
11. Add concentrated until we see a chemical change. Record the number of drops and observations.
12. Add 0.1 mol/L KI until we see a change. Record observations.
13. Add 0.1 mol/L  until we see a change. Record observations. 
14. Use balanced equations to describe what’s occurring. 
15. Briefly answer the questions to Part 2: Multiple Equilibria on page 11.
Part 3: Buffer Solution and Blood pH 
16. Place 100 mL of distilled water in a 150 mL beaker. Place the beaker on a stir plate. Insert stir bar in the beaker, slowly turn the stir plate on to create a smooth vortex in the beaker.
17. Gently insert pH probe into the water such that the magnet does not hit the probe. The tip of the probe must be in the water for the pH reading to be correct. Wait a few minutes and record observations.
18. Measure 2.50 g of sodium hydrogen carbonate ( and add it to the beaker. Allow the solution to stir around until the salt dissolves completely. Record observations.
19. Add 30 mL of 0.1 mol/L HCl to the beaker. Record observations.
20. Add 10 mL of 0.85% lactic acid to the beaker. Record observations.
21. Simulate the action of raising/lowering the blood pH by increasing the rate at which the solution is stirred. Record observations. 
22. Simulate the action of low blood pH by adding about 0.50 g of sodium bicarbonate,  to the beaker. Record observations. 
23. Simulate the error of high blood pH by adding another 0.50 g of sodium bicarbonate. Record observations. 
24. Simulate the condition of the slowing respiration by adding a pellet of Record observations.
25. Simulate the condition of a dilute weak acid may be injected into the blood by adding 0.40 g of  to the beaker. Record observations. 
Cleaning Up
26. Follow cleaning instructions on page 10.
Reference to procedure: Rashmi Venkateswaran, “EQUILIBRIA”, Experiment 3, Pages 8-10 2017
Discussion and Observations
Part 1: Equilibrium Shift 
Before the reaction took place,  was a sky blue, low viscosity, translucent liquid.  was a clear, low viscosity liquid with a very strong odor. The blue color is caused by the water of crystallization (). When this is removed by heating, basic copper sulphate is left and this can be further broken to simple . The metal-ammonia bond is stronger than the metal-water bond, causing ammonia substitution and an equilibrium shift to the right; forming the metal-ammonia complex ions: 
[Cu (H2O)4]2+ (aq) + 4 NH3 (aq) ⇌ [Cu(NH3)4]2+ (aq) + 4 H2O (l)
After one drop of ammonia in the copper (II) sulfate, the liquid immediately turned to a much darker blue. Initially, the dark blue color settled on top and had to be stirred to turn completely blue. The substance became opaque but the viscosity did not change. When the hydrochloric acid was added to the ammonia and copper (II) sulfate solution, the liquid became much lighter. This observable change took approximately 18 drops of hydrochloric acid. After approximately 20 drops, the solution significantly lightened. We noticed separate, lighter particles throughout the solution once it settled. The addition of the strong acid, H+, affects the equilibria by its reaction of ammonia (a base) on the left side of the equation:
H+ (aq) + NH3 (aq ⇌ NH4+ (aq)
In step 4 when we added one drop of ammonia to the solution for the second time, the solution immediately returned to a dark blue. The solution became translucent with no more cloudiness. When 8 drops of hydrochloric acid were added to the solution for the second time, the solution became very light and cloudy as it did before. The chemical changes were about the same, even if we expected them to be different. We expected different results because there was an extra chemical added to the solution for the second time. The ammonia being removed from the equilibria causes the reaction to shift left to relieve the stress caused by the removal of the ammonia, reforming the aqueous sky blue solution. For the copper ions, the equilibrium shift may be represented as: 
[Cu (H2O)4]2+ (aq) + 4 NH3 (aq) ⇌ [Cu(NH3)4]2+ (aq) + 4 H2O (l)
Part 2: Multiple Equilibria
The sodium carbonate and silver nitrate were both clear, colorless liquids with low viscosity. When 10 drops of 0.01 mol/L of silver nitrate was added to the 0.1 mol/L sodium carbonate, the liquid immediately turned to a light brown/yellow color with no change in viscosity. The silver ion, Ag, is highly reactive and readily combines to form compounds. The precipitate formed was of silver carbonate. 
2AgNO3 (aq) + Na2CO3 (aq) ⇌ Ag2CO3 (s) + 2 NaNO3 (aq)
As 1 drop of 6 mol/L nitric acid was added, the liquid immediately turned to a milky white color. The liquid became opaque and cloudy with low viscosity. As the nitric acid was added to the previous sodium nitrate in solution and the silver carbonate as precipitate, the liquid became very acidic. The precipitate of Ag2CO3 reacts with the HNO3 and dissolves to reform AgNO3. The CO2 gas escapes to atmosphere and the H2O just forms part of the solution. Nitric acid dissolves the silver carbonate: The H+ ions react with and remove CO32- ions on the right; the system, in trying to replace the CO32- ions, shifts to the right. The Ag2CO3 dissolves, and the carbonic acid forms. The carbonic acid, being unstable at room temperature and pressure, decomposes to water and carbon dioxide. The silver and nitrate ion remain in solution.
Ag2CO3(s) + 2NaNO3(aq) + HNO3(aq) → 2AgNO3(aq) + CO2(g) + H2O(aq) + NaNO3(aq)
Once the solution was clear, we added 1 drop of 0.1 mol/L HCl which the solution cloudy again. After 4 drops of HCl, the liquid became even more white and cloudy but still had low viscosity. About 1 minute after the hydrochloric acid was added to the solution, little white pieces were forming at the top of the solution (precipitate). After 2 minutes, this precipitate went to the bottom of the liquid and the liquid cleared up. The addition of the chloride ion (from HCl) causes the formation of a silver chloride precipitate, now in dynamic equilibrium with Ag+ and Cl- ions:
Ag+(aq) + Cl- (aq) ⇌ AgCl (s)
As 5 drops of ammonia is added to the solution, the liquid immediately turned completely clear with no more precipitate. When we re-added 4 drops of nitric acid, precipitates formed again. After 9 drops, the liquid became white again. The precipitate dissolved. At about 16 drops of nitric acid, the solution turned cloudy and opaque with no precipitate. When 2 drops of ammonia were added for the second time, the liquid instantly became colorless and transparent. The addition of ammonia removes silver ion from the equilibrium shifts its equilibrium position to the left, causing AgCl to dissolve. 
Ag+ (aq) + 2NH3 (aq) ⇌ [Ag(NH3)2] + (aq)
After 1 drop of 0.1 mol/L KI was added, the liquid went from being clear to cloudy once again. At first it was a yellowish opaque substance but the more we waited, the less yellow it became. We could see precipitate throughout the mixture that settled towards the bottom when the liquid was at rest. The solid precipitate settled at the bottom after time, became almost completely clear with yellow solid settling at the bottom. The iodide ion removes the silver ion, causing a dissociation of the [Ag(NH3)2] + ion and shifts the equilibrium to the left. 
Ag+ (aq) + I- (aq) ⇌ AgI (s)
Once we added 2 drops of 0.1 mol/L sodium sulfide, the precipitate turned a dark grey color. After 4 drops, the solution became completely grey. After 6 drops, the solution became clear, transparent. This chemical had a very strong, egg odor. The addition of the sodium sulfide to the dynamic equilibrium removes the silver ion; AgI dissolves, but solid sodium sulfide forms. 
2Ag+ (aq) + S2- (aq) ⇌ Ag2S (s)
Part 3: Buffer Solution and Blood pH 
The pH of the distilled water that we started with was 5.55. This is much more acidic than the value we would expect neutral water to be at with a pH of 7.  What also must be considered is that distilled water has a significantly lower quantity of ions present in the substance than tap water. This pH is lower because as distilled water is exposed to air, it absorbs carbon dioxide from the atmosphere to form carbonic acid. It will complete this reaction until quantities of the carbon molecules are equal in the substance and in the atmosphere. The formation of carbonic acid lowers the pH of the water. The following reaction shows the formation of carbonic acid and the use of bicarbonate to raise pH levels and neutralize the substance. 
H2O (l) + CO2 (g) ⇌ H2CO3 (aq) + H2O (l) ⇌ HCO-3(aq) + H3O+(aq)
When sodium hydrogen carbonate was added, the white, odorless powder did not dissolve immediately within the water, taking approximately 2 minutes to fully disassociate, and the pH increased to 8.23. This compound is amphoteric meaning that it reacts with both acids and bases, making it a known chemical buffer. It works to neutralize acidic solutions because when it disassociates in water into the ions of sodium and bicarbonate, it reduces the number of hydrogen ions present in the solution. It does this by releasing hydroxide ions that combine with the hydrogen to form water, thus eliminating the hydrogen ions which are what make a substance more acidic. The following reaction shows how sodium hydrogen carbonate disassociates into its ions in water. 
2NaHCO3 ⇌ Na2CO3 + CO2 + H2O
We added the HCL to the solution to simulate the equilibrium relationship between acids and bases in the blood. In blood, carbonic acid is in constant equilibrium with bicarbonate. The addition of HCL, which decreased the pH to 7.38, represents a decrease in bod pH and displays the relationship that the buffer has in maintaining the pH levels. Hydronium ions are created as the acid disassociates in the water, causing the solution to become more acidic. 
Once the lactic acid had been added, the pH of the substance dropped to 7.28 and small bubbles formed around the probe and on the bottom of the beaker. This is simulating a stage of excessive buildup of lactic acid in the body due to extensive exercise and overexertion of the body. This increase in simulated metabolic acid production shows the lactic acid being broken down and producing hydronium. With a greater quantity of hydronium, the equilibrium shifts left producing more carbon dioxide. When the CO2 is exhaled the pH is raised to a normal value. We observed the carbon dioxide being removed from the substance in the previously mentioned bubbles forming in the beaker.  The following reaction shows the hydrogen ions produced that will be used as a reactant in the buffer reaction below. 
C3H6O3 ⇌ C3H5O3 + H+
H2O (l) + CO2 (g) ⇌ H2CO3 (aq) + H2O (l) ⇌ HCO-3(aq) + H3O+(aq)
When the stirring speed was increased on the solution, the pH was raised to 7.33. We observed large quantities of bubbles forming in the beakers vortex and on the sides of the glass as the stirring plate went from level 6 to level 9. This observation was expected because the increased stirring is meant to simulate increased ventilation in the body to raise the pH. When ventilation is increased, more carbon dioxide is removed from the buffer system thus reducing the amount of hydronium ions and raising the pH to a normal level again. 
When 0.5 grams of sodium bicarbonate was added, the substance turned a slightly milky white color that was less transparent than the previous mixture, and the pH was expectedly raised to a higher level of 7.44. The addition of this base is too simulating the error of reversing acidosis too intensively. This reaction brings us back to the original bicarbonate and carbonic acid buffer system reaction. As bicarbonate is added to the reaction, the equilibrium shifts left therefore producing less hydronium ions and raising the pH.
H2O (l) + CO2 (g) ⇌ H2CO3 (aq) + H2O (l) ⇌ HCO-3(aq) + H3O+(aq)
 When the carbon dioxide pellet was added to the solution, the opposite effect on pH was observed. It began to dissolve immediately, taking approximately 4 minutes to fully disappear. Gas was formed directly after insertion of the pellet and continued to be present as long as the pellet was dissolving. The solution remained colorless and transparent, and a pH decrease to 7.33 was observed after the reaction. In the buffer reaction 
H2O (l) + CO2 (g) ⇌ H2CO3 (aq) + H2O (l) ⇌ HCO-3(aq) + H3O+(aq)
an increase in the quantity of carbon dioxide as a reactant would cause the reaction to    
shift to the right in order to follow le Chatelier’s principle and reach equilibrium. By shifting                 right, the product carbonic acid is formed, along with hydronium ions. This causes a       decrease in pH as it becomes more acidic. The addition of the carbon dioxide is meant to           simulate a state of hypoventilation when the body is not receiving enough oxygen, and           there is a buildup of carbon dioxide in the blood stream as a result. This can lead to         acidosis, hence why we observe a decrease in pH. 
The ammonium chloride dissolved in approximately 10 seconds within the solution, and caused gas to form, and be released from the system. The pH was lowered to 7.31 as ammonium is a weak acid. This is meant to simulate an extreme case of alkalosis where a weak acid needs to be added to the blood stream in order to lower pH. 
NH4Cl(s) ⇌ NH3(g) + HCl(g)
This reaction displays the dissociation of ammonium chloride to produce an acidic substance.
Throughout the experiments, we obtained the expected results. As mentioned in the observations, the addition of an acidic reactant caused pH levels to decrease and basic reactants caused the pH levels to increase. The equilibrium shifts followed Le Chatelier’s Principle as change in concentration of products and reactants were reflected in pH readings. 
Conclusion:
This experiment accurately demonstrated the effects of adding and consuming reactants on a system at equilibrium. We were able to collect many qualitative observations on the reactions performed and we determined what effects on the body were being mimicked as we added reagents in the experiment. We accurately represented the buffer system and its various effects in the human body.

[bookmark: _GoBack]The following pages contain pictures of the raw data collected during the lab, signed by the TA and the raw procedure initially read over by the TA. 
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