Acid and Base Equilibrium (Chapter 16 Brown and LaMay)

Terms: pages 707-708

Back ground:

Properties of acids and bases

What is unique about acids?

Naming of two categories of acids because of this unique feature

Lesson 1: Arrhenius Theory 

1a. Define the terms Arrhenius acid and Arrhenius base. 

b. Write a chemical equation that describes the behavior of an Arrhenius acid/base in water

c.  Explain the relationship between H3O+ and H+
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2a. Write the autoionization reaction for water and the equilibrium expression for the autoionization reaction. 
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b. What is the magnitude of the equilibrium constant at 25 ºC for the autoionization reaction of water? What is this equilibrium constant called?

c. What are the concentrations of H+ and OH- at 25 ºC in pure water? (show ICE table)

d. The [H+] in a particular aqueous solution is 1.0 x 10-4 M. Calculate the [OH-] for this solution. 
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e. The [OH-] in a particular aqueous solution is 1.0 x 10-5 M. Calculate the [H+] for this solution. 

3a. Define pH and pOH for aqueous solutions of acids or bases. 
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b.  show the mathematical relationship between pH and [H+] and pOH and [OH-]. 
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c. Calculate the pH and pOH of a solution with a [H+] = 3.68 x 10-8 M. 
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d. Calculate the [H+] and [OH-] of a solution with a pH = 4.22. 

4.  Kw increases as temperature goes up.  What happens to [H+], does the solutions become more acidic, more basic, or remain neutral?

So, what is another way of describing neutrality?
5a. Complete the table:

	Solution
	pH
	Equilibrium [H+] or [OH-]

	0.100 M HCl

	1.00
	

	0.100 M HC2H3O2

	
	3.16 x 10-5

	0.100 M NaOH

	
	0.100

	0.100 M NH3

	10.5
	


b. What is the difference between a strong acid/base and weak acid/base? Write the equation to show this. Draw a particulate particulate level drawing of all types.
6.  List the strong acids and strong bases.  List the organic acid/base functional group you need to know.

7.  Calculate the pH of (a) a 1.0 x 10-3 M HCl and (b) 0.020 M Ba(OH)2
Discuss organic a little
Lesson 2: Bronsted-Lowry

1a. Define the terms Bronsted-Lowry acid and Bronsted-Lowry base. 
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c. What do you notice about water?  What is the term for this?  This is a “classic” example of an amphoteric substance.  Give two more examples of lesser known, but tested, examples

d. Identify the conjugate bases for each of the following acids. Discuss strength of conjugate pairs and the favored direction of the reaction.
i) NH4+ 
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ii) H3PO4 
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iii) H2O 
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e. Identify the conjugate acid for each of the following bases. Discuss strength of conjugate pairs and the favored direction of the reaction.

i) Br- 
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ii) HSO4- 
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iii) H2O 
Lewis Acids and Bases

Define a Lewis acid and base and give an example

What two groups of atoms generally make up lewis acids and bases?

Show how ammonia behavior as a base can be explained by all three theories

Summary of Three Acid/Base theories

	Model
	Definition
	Example equation
	Focus
	limitation

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Lesson #3: Weak acids and bases

10a. The chemical equation which describes how HC2H3O2 dissociates in aqueous solution is, 

[image: image16.png]HCH300ap = Htiap + CaH3057ap





[image: image17.png]



from an earlier lesson, the initial concentration of HC2H3O2 is 0.100 M. In the space provided below (ICE Table), enter the initial concentration of HC2H3O2, H+ and C2H3O2-. Based on the the solution having a pH=4.5, calculate and enter the equilibrium concentration of H+. 
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b. Calculate the change in [H+]. 
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c. Using the balanced chemical equation and the calculated change in [H+], calculate the change in HC2H3O2 and C2H3O2-. 
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d. Estimate the equilibrium constant for the dissociation of HC2H3O2(aq). 
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e. Calculate the magnitude of the equilibrium constant for benzoic acid, HC7H5O2, if a 0.100 M solution has a pH =2.59

g. Write a general chemical equation which describes how a weak base, BOH(aq), dissociates in aqueous solution and setup the ICE table. 
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h. Calculate the magnitude of the equilibrium constant for an aqueous solution of ammonia, if a 0.100 M solution has a pH = 11.13. 

11a. Calculate the pH of a solution which is 0.53 M HC6H4NO2 (nicotinic acid). Ka = 1.4 x 10-5 
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b. Calculate the pH of a solution which is 0.712 M CH3NH2 (methylamine). Kb = 4.4 x 10-4 
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12.  What is the relationship between Ka and Kb.  What is the common misconception on this relationship?
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Lesson #4: Polyprotic acids and such

What is the difference between how water attacks an acid and a base?

Write the dissociation equations which describe the behavior of a    polyprotic acid with the general formula, H2A. 
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Carbonic acid, H2CO3, is a diprotic acid. 

[image: image28.png]


i) Write the two dissociation reactions showing the diprotic behavior. 

[image: image29.png]



ii) If the initial concentration of H2CO3 is 0.100 M, calculate [H+]. In your calculation, assume only the first dissociation occurs. (Note: The equilibrium constant for the first dissociation, Ka1, is 4.3 x 10-7.) 
iii) Now consider the second dissociation equation for which Ka2 = 5.6 x 10-11. What is the initial concentration of [HCO3-]? What is the initial concentration of [H+]? Calculate the final [H+] assuming the second dissociation occurs. 
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What are two factors that determine the extent to which an acid undergoes ionization?

a.  hydrohalic acids

b.  Oxoacids


i.  Different central ion, but same number of oxygens

ii.  same central ion, but different number of oxygens

iii. carboxylic acids

what is the factor that determines the extent to which a base dissociates in water?

discuss basic anhydrides and acidic anhydrides
discuss the nature  of “OH” as it travels across the periodic table
Lesson #5 nature of Salts

16a. Define the term salt. 
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b. Predict the product of the neutralization reactions, 
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c. In general, what is the acid-base property of any salt formed in the reaction between a strong acid and a strong base? 
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d. In general, what is the acid-base property of any salt formed in the reaction between a strong acid and a weak base? 
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e. In general, what is the acid-base property of any salt formed in the reaction between a weak acid and a strong base? 
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17a. Write the dissociation equation which describes what happens when NaC2H3O2(s) is added to water. 
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b. Which of the two ions, Na+(aq) or C2H3O2-(aq), affects the pH of the solution? Explain why. 
c. Predict the products when KCN(s) is added to water. How will the pH of the water change?



18a. Write the dissociation equation which describes what happens when NH4Cl(s) is added to water. 
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d. Which of the two ions, NH4+(aq) or Cl-(aq), affects the pH of the solution? Explain why. 
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e. Predict the products when CH3NH3NO3(s) is added to water. Will the pH of the solution formed when the salt is added to water be greater or less than 7? 
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19. How would Glycine, an amino acid with the formula  NH2CH2COOH  behave in water?

Lesson #6 Salt Calculations

21a. Write a general chemical equation which describes how the salt of a weak base and strong acid behaves in aqueous solution. 

b. Calculate the pH of a 0.392 M CH3NH3NO3. Kb(CH3NH2) = 4.4 x 10-4 

Strategy:

1.  Predict the pH (this is just a self check for your end answer)
There are TWO things going on, first the salt dissolves in water to produce the two ions. Write this equation and determine the concentration of the ions formed from your understanding of previous chemical concepts

Equation:

Then the active ion will react with water giving the next equation:

Write the expression for this reaction and calculate the value of K (based on the relationship KaKb = Kw)

Expression:





value of Ka=
Assume that the 0.392M CH3NH3+ undergo hydrolysis, and complete the ICE table

I

C

E

What is the pH value?
Does this match your initial prediction?








We assumed x was negligible, is that a valid assumption?

21c. Write a general chemical equation which describes how the salt of a weak acid and strong base behaves in aqueous solution. 

d. Calculate the pH of a 0.700 M NaC2H3O2. Ka(HC2H3O2) = 1.8 x 10-5 

follow the same path as in previous example.  Careful with the pH this time!
Acid and Base Free Response

Calculators and reference sheets allowed

1.  Sulfurous acid, H2SO3 is a diprotic acid.  Ka1 = 1.7 x 10-2. Ka2 = 6.4 x 10-8.

a.  Write an ionic equation for the aqueous ionization that corresponds to Ka1
      Write an ionic equation for the aqueous ionization that corresponds to Ka2
      Identify the conjugate acid-base pairs in each of your two equations.

b.  Identify any amphoteric species, other that water, in your equations.

d. Assume the amphoteric species you identified in Part b is a base.  Write an ionic equation for its aqueous ionization and calculate the corresponding Kb.

e. Is an aqueous solution of NaHSO3 acidic or basic?  Explain your reasoning.

f. Calculate the pH of a 0.50 M solution of Na2SO3
2. It is found that 0.30M solutions of the three salts XCl3, YCl2, and ZCl have pH’s of 5.5, 7.0, and 3.7, not necessarily in order. (X, Y, and Z are metal ions.  Cl is chloride ion)

a.


i.  Explain how metal ions can act as acids in aqueous solution.


ii.  Which pH goes with which salt?  Explain.


iii.  What is the approximate pH of a 0.010 M solution of ZOH?  Explain your reasoning.
17

