CHEM 220: Fundamentals of Analytical Chem

Mullaugh


Monoprotic Acids and Bases
Following this activity, students should be able to:

· Recall basic calculations and definitions about acid-base chemistry.

· Interpret the pH scale and use Kw to draw relationships between [H+] and [OH-].
· Write reactions represented by Ka and Kb for monoprotic acids.
· Interpret the magnitudes of Ka and Kb.
· Identify conjugate acid-base pairs.
· Calculate the pH of strong acid, strong base, weak acid and weak base solutions
· Determine when using the quadratic formula is necessary to determine the pH of a solution.
· Find the fractions of association for weak acids and weak bases
 Based on your recollection of general chemistry…
1. An important value in pH calculations is Kw. What reaction does this constant represent and what is the equilibrium constant expression for Kw?

2. Kw = 1.0 × 10-14 at 25°C. Use the equilibrium constant expression for Kw above to derive a relationship between pH and pOH. Recall pH = -log[H+] and pOH = -log [OH-].
3. Kw allows us always to relate [H+] to [OH-] and vice versa. In other words, if you know one of these, you can use Kw to find the other. Use Kw to complete the table.

	pH
	[H+]
	pOH
	[OH-]
	Circle one:

	
	
	8.14
	
	Acidic     Basic

	
	1.67 × 10-7
	
	
	Acidic     Basic

	10.35
	
	
	
	Acidic     Basic

	
	
	
	6.84 × 10-3
	Acidic     Basic


4. Use Kw to show that a neutral solution has pH = 7.
5. Which statement accurately compares a pH 4 and pH 2 solution?

a. A solution with pH = 4 is 100 times more acidic than a solution with pH = 2.

b. A solution with pH = 4 is two times as acidic as one with pH = 2.

c. A solution with pH = 4 is half as acidic as one with pH = 2.

d. A solution with pH = 4 has only 1% as much H+ as a pH 2 solution.

6. Calculations involving acids
a. Compare the approach you would use when calculating the pH of a strong acid solution to that of a weak acid. What piece of information do you need for a weak acid problem that you do no need for a strong acid?
b. Write the reaction represented by the Ka of a weak acid. Use “HA” as a generic weak acid.

c. Consider a problem that says, “Calculate the pH of a solution of the weak acid HA with a concentration of F,” where “F” is the given concentration of the acid. (F is used to represent the “formal” concentration of an acid before it dissociates in water.) Make a generic ICE table that would work for any weak acid problem, using x = [H+] = [A-]. You should be able to come with a “go to” equation that allows you to skip the ICE chart most of the time.
d. Sometimes pKa is used in place of Ka. How is pKa calculated?
e. Compare an acid with a pKa of 2 to one with a pKa of 5. Which is the stronger acid?

7. Calculations involving bases
a. List some strong bases. What type of ionic compounds act as strong bases?
b. How do you calculate the pH of a strong base solution? What extra step is necessary relative to a strong acid?

c. Briefly describe the steps to find the pH of a weak base. Compare the calculation to that of a weak acid and similarly come up with a reasonable “go to” equation. What is “x” equal to in this case?
d. Often only Ka’s can be readily found tabulated in reference texts. How do you find Kb for a weak base when only weak acid Ka’s are provided?
e. The relationship between Ka and Kb is only true for a conjugate acid-base pairs. How do you recognize a conjugate acid-base pair? Give one example.
f. Use Appendix B* (p. 538 – 545) to find Kb for the following weak bases.

	Weak Base
	Kb

	Name
	Formula
	

	Potassium acetate
	KCH3COO
	

	Ammonia
	NH3
	

	Sodium fluoride
	NaF
	


*A note about using Appendix B: The name written is for the uncharged molecule and the structure provided shows the fully protonated form of the molecule. Because acids an bases are often charged molecules, they often exist as salts with a counter cation (usually Na+ or K+) or anion (usually Cl-) that is only there to balance the charge. These ions are not themselves acids or bases and therefore can be ignored in pH calculations.
g. Pick one of the acid-base pairs in the table above to show that KaxKb = Kw. Recall that when you “add up” individual equilibrium reactions, you multiple their K’s.
Find the pH…
8. Now apply what you have brushed up on to determine the pH of the following solutions. Classify each as a strong acid, strong base, weak acid and weak base.
	Solution
	Circle one:
	Calculation*
	pH**

	1.7 ( 10-4 M HCl
	Strong acid
Weak acid

Strong base

Weak base
	
	

	0.025 M (CH3CH2)2NH (diethylamine)
	Strong acid

Weak acid

Strong base

Weak base
	
	

	0.10 M NH4Cl
(ammonium chloride)
	Strong acid

Weak acid

Strong base

Weak base
	
	

	0.0035 M Ba(OH)2
	Strong acid

Weak acid

Strong base

Weak base
	
	


* A common headache in these calculations is having to use the quadratic formula to solve for an unknown (x). As long as K << F (by a factor of 105), we can usually ignore x in such a way that the quadratic formula can be avoided.

**Recall that for numbers on a log scale like pH, only digits after the decimal point are considered significant.

7. The fraction of dissociation (() for weak acids represents fraction of a total concentration (F) of an acid (HA) is deprotonated (A-) in solution. Sometimes percent dissociation is used in place of ( and is simply ( ( 100%.
a. Using “x” for the concentration of the deprotonated acid (A-), write an equation for (.
b. Find ( for benzoic acid solutions with the following concentrations: 0.10 M (see your calculation above), 1.0 ( 10-3 M and 1.0 ( 10-5 M.
c. Sketch how ( changes with concentration. Look carefully at how the axes in the graph below are labeled.
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d. Based on your figure above, what happens to a weak acid solution when it is diluted?
i. When a weak acid is diluted, the pH stays constant.

ii. When a weak acid is diluted, more of the acid is protonated.

iii. When a weak acid is diluted, more of the acid is deprotonated.

iv. When a weak acid is diluted, the portion that is protonated stays constant.

e. Similarly, the fraction of association (also represented by () can be calculated for weak bases. Find ( for a 0.023 M NH3 (ammonia). 
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Chapter 11: Polyprotic Acids and Bases
1. Find the pH of the following solutions. Phosphoric acid (H3PO4) is a triprotic acid with pKa1 = 2.148, pKa2 = 7.198 and pKa3 = 12.375.

	A solution of…
	…has a pH of…

	1.0 M H3PO4
	

	1.0 M Na3PO4
	

	1.0 M Na2HPO4
	

	1.0 M NaH2PO4
	


2. Find the pH of the following buffer solutions. Use the information about phosphoric acid above.

	A solution containing equal concentrations of…
	…has a pH of…

	NaH2PO4 and H3PO4
	

	NaH2PO4 and Na2HPO4
	

	Na2HPO4 and Na3PO4
	


	At a pH of…
	…the dominant form of cysteine is..

	7.00
	

	8.00
	

	9.00
	

	11.00
	


3. The fully protonated form of the amino acid cysteine is shown below with its corresponding pKa’s. Draw the dominant form of cysteine at each given pH.
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pKa1 = 1.7











pKa2 = 8.36











pKa3 = 10.74
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