AP Chemistry Study Guide: Chapter 15, Acids and Bases and Chapter 16, Acid/Base Equilibria
Assigned Practice Problems:

Ch. 15 # 5, 15-20, 23, 24, 26, 43, 46, 49, 53, 55, 62, 64
Ch. 16 #5, 6, 12, 15-17, 20, 22, 29, 30, 35, 75 (for 75, just write equations)
Students should be able to... 

· Know properties of acids and bases 
· Know definitions of acids and bases according to Arrhenius, Bronsted-Lowry, and Lewis. 

· Identify Bronsted-Lowry conjugate acid/base pairs. 

· Identify polyprotic acids and bases. 

· Know the difference between strong and weak acids and bases and why. 

· Calculate pH, pOH, H+ concentration, and OH- concentration given any one. 
· Setup an ionization expression for an acid/base. 
· Calculate the ionization expression for an acid/base and find the pKa/pKb
· Calculate equilibrium concentrations of weak acids and bases. 

· Find the pH of a weak acid or base. 
· Describe the common ion effect. 
· Calculate the concentration and pH of buffer solutions. 

· Find the buffer capacity of a buffer.
· Estimate the pH of a salt 
· Using a chart, select an appropriate indicator for use in titration.
· Sketch a titration curve, including an estimation of the equivalence point
· Identify the names/formulas of complex ions, write equations for their formation, and identify coordination numbers for the ions.
· Determine if a substance is amphoteric
· Standardize a NaOH solution (laboratory) 
· Calculate the neutralizing power of common antacids (laboratory) 

Strong/Weak Acids/Bases FAQ
Q: How do you do weak acid problems? 
A: First of all, the Ka tells you this is a weak acid problem. Set up your Ka expression for acetic acid from the equation of its ionization. Substitute 1.8 X 10-5 for Ka.
Since you are given the pH (3.0), you can take the antilog of -3 and get the hydrogen ion concentration. Susbtitute that into your Ka expression for [H+]. (So in terms of the table of variables, they have found "x" for you!) Since the ionization is 1:1, this number will also be the concentration of acetate ions at equilibrium, so plug in that value again for acetate. That leaves you with just one unknown.
	PRIVATE

	Initial
	Change
	At Equilibrium

	[H+]
	0
	+ x
	0.001 (from pH)

	[C2H3O2-]
	0
	+ x
	Same as [H+]

	[HC2H3O2]
	unknown
	unknown
	unknown


Q: Explain negative pH. Why does pH not go past -1?
A: By using the ionization of water at room temperature, the pH will be between 0 and 14. If the solution is very concentrated (whole number Molarities), or at a different temperature, the pH may become negative for an acid or go over 14 for a base. There are no restrictions on the pH scale, but I have rarely seen one go much below -1. For instance, 12 M HCl gives a theoretical pH of -1.08. This is about as saturated of a solution of HCl as you can make. So, it is possible to go past -1, but rather unlikely. Most of the time the solubility of the substance will limit the concentration to a number that would result in a pH of between about -1 and +15. Also keep in mind that the theoretical pH is just that… theoretical. In practice, other factors (like the actual amount of ionization rather than just over 95%) may come into play.
Q: Do we only add HOH to weak bases without an OH?
A: Yes. The "trick" of adding water to the solution is just so you have an OH- ion to use for the equation for the ionization of a base. 
You may also use it for strong bases, if you choose to write an equation for the ionization. Since the base is strong, we assume all the base molecules have split into ions, and will split into OH- ions. The important thing to remember that the Molarity of a strong base gives you the Molarity of OH- ions, and NOT H+ ions. (In other words, if you just take the - of the log of the Molarity, you get pOH and NOT pH.). Some people don't bother to write the equation for ionization since there is not a significant amount of molecules that remain un-ionized.
Sample Free Response Questions

1993) CH3NH2 + H2O <===> CH3NH3+ + OH¯ 

Methylamine, CH3NH2, is a weak base that reacts according to the equation above. The value of the ionization constant, Kb, is 5.25 x 10¯4. Methylamine forms salts such as methylammonium nitrate, (CH3NH3+) (NO3¯).

(a) Calculate the hydroxide ion concentration, [OH¯], of a 0.225-molar solution of methylamine.

(b) Calculate the pH of a solution made by adding 0.0100 mole of a solid methylammonium nitrate to 120.0 milliliters of a 0.225-molar solution of methylamine. Assume that no volume change occurs.

(c) How many moles of either NaOH or HCl (state clearly which you choose) should be added to the solution in (b) to produce a solution that has a pH of 11.00? Assume that no volume change occurs.

(d) A volume of 100. milliters of distilled water is added to the solution in (c). How is the pH of the solution affected? Explain.

COMPLEX IONS:

Give the equation, coordination number, and name of the complex ion formed.

4(a)    Excess sodium cyanide solution is added to a solution of silver nitrate.

4(b)   Solid silver chloride is added to a solution of concentrated hydrochloric acid.

4(c)   Excess concentrated ammonia solution is added to a solution of nickel(II) sulfate.
1998)

5) An approximately 0.1-molar solution of NaOH is to be standardized by titration. Assume that the following materials are available. 

	Clean, dry 50 mL buret 
	Analytical balance 

	250 mL Erlenmeyer flask 
	Phenolphthalein indicator solution 

	Wash bottle filled with distilled water 
	Potassium hydrogen phthalate, KHP, a pure solid
monoprotic acid (to be used as the primary standard) 


(a) Briefly describe the steps you would take, using materials listed above, to standardize the NaOH solution. 

(b) Describe (i.e., set up) the calculations necessary to determine the concentration of the NaOH solution. 

(c) After the NaOH solutions has been standardized, it is used to titrate a weak monoprotic acid, HX. The equivalence point is reached when 25.0 mL of NaOH solution has been added. In the space provided at the right, sketch the titration curve, showing the pH changes that occur as the volume of NaOH solution added increases from 0 to 35.0 mL. Clearly label the equivalence point on the curve. 
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(d) Describe how the value of the acid-dissociation constant, Ka, for the weak acid HX could be determined from the titration curve in part (c). 
Sample Multiple Choice Questions

Use these answers for questions 8 - 10.

(A) a solution with a pH less than 7 that is not a buffer solution
(B) a buffer solution with a pH between 4 and 7
(C) a buffer solution with a pH between 7 and 10
(D) a solution with a pH greater than 7 that is not a buffer solution
(E) a solution with a pH of 7 

Ionization Constants

CH3COOH = 1.8 x 10¯5
NH3 = 1.8 x 10¯5
H2CO3; K1 = 4 x 10¯7
H2CO3; K2 = 4 x 10¯11 

8. A solution prepared to be initially 1 M in NaCl and 1 M in HCl.

9. A solution prepared to be initially 1 M in Na2CO3 and 1 M in CH3COONa

10. A solution prepared to be initially 0.5 M in CH3COOH and 1 M in CH3COONa

19. In the titration of a weak acid of unknown concentration with a standard solution of a strong base, a pH meter was used to follow the progress of the titration. Which of the following is true for this experiment?

(A) The pH is 7 at the equivalence point.
(B) The pH at the equivalence point depends on the indicator used.
(C) The graph of pH versus volume of base added rises gradually at first and then much more rapidly.
(D) The graph of pH versus volume of base added shows no sharp rise.
(E) The [H+] at the equivalence point equals the ionization constant of the acid. 

26. How many milliliters of 11.6-molar HCl must be diluted to obtain 1.0 liter of 3.0-molar HCl?

(A) 3.9 mL
(B) 35 mL
(C) 260 mL
(D) 1,000 mL
(E) 3,900 mL 

34. All of the following species can function as Brönsted-Lowry bases in solution EXCEPT

(A) H2O
(B) NH3
(C) S2¯
(D) NH4+
(E) HCO3¯ 

35. When phenolphthalein is used as the indicator in a titration of an HCl solution with a solution of NaOH, the indicator undergoes a color change from clear to red at the end point of the titration. This color change occurs abruptly because

(A) phenolphthalein is a very strong acid that is capable of rapid dissociation
(B) the solution being titrated undergoes a large pH change near the end point of the titration
(C) phenolphthalein undergoes an irreversible reaction in basic solution
(D) OH¯ acts as a catalyst for the decomposition of phenolphthalein
(E) phenolphehalein is involved in the rate-determining step of the reaction between H3O+ and OH¯ 

46. As the number of oxygen atoms increases in any series of oxygen acids, such as HXO, HXO2, HXO3, ...., which of the following is generally true?

(A) The acid strength varies unpredictably.
(B) The acid strength decreases only if X is a nonmetal.
(C) The acid strength decreases only if X is a metal.
(D) The acid strength decreases whether X is a nonmetal or a metal.
(E) The acid strength increases. 

52. The test for the presence of Ag+ in an unknown solution involves the treatment of the solver-ammonia complex with dilute hydrochloric acid. The appearance of a white precipitate at this point indicates the presence of silver ion in the original sample. The net ionic equation that represents this test is:
(A) Ag(NH4)4+ + 4 H+ <===> Ag(s) + 4 NH4+
(B) Ag(NH4)4+ + Cl¯ <===> AgCl(s) + 4 NH4+
(C) Ag(NH3)4+ + 4 HCl <===> AgCl(s) + 4 NH4+ + 3 Cl¯
(D) Ag(NH3)4+ + Cl¯ <===> Ag(NH3)2Cl(s)
(E) Ag(NH3)4+ + 2 H+ + Cl¯ <===> AgCl(s) + 2 NH4+ 

55.

H2PO4¯ + HBO32¯ <===> HPO42¯ + H2BO3¯

The equilibrium constant for the reaction represented by the equation above is greater than 1.0. Which of the following gives the correct relative strengths of the acids and bases in the reaction?

	PRIVATE

	Acids 
	
	Bases 

	(A) 
	H2PO4¯ > H2BO3¯ 
	and 
	HBO32¯ > HPO42¯ 

	(B) 
	H2BO3¯ > H2PO4¯ 
	and 
	HBO32¯ > HPO42¯ 

	(C) 
	H2PO4¯ > H2BO3¯ 
	and 
	HPO42¯ > HBO32¯ 

	(D) 
	H2BO3¯ > H2PO4¯ 
	and 
	HPO42¯ > HBO32¯ 

	(E) 
	H2PO4¯ = H2BO3¯ 
	and 
	HPO42¯ = HBO32¯ 


56. A 0.20-molar solution of a weak monoprotic acid, HA, has a pH of 3.00. The ionization constant of this acid is

(A) 5.0 x 10¯7
(B) 2.0 x 10¯7
(C) 5.0 x 10¯6
(D) 5.0 x 10¯3
(E) 2.0 x 10¯3 

67. BrO3¯ + 5 Br¯ + 6 H+ <===> 3 Br2 + 3 H2O

If 25.0 milliliters of 0.200-molar BrO3¯ is mixed with 30.0 milliliters of 0.450-molar Br¯ solution that contains a large excess of H+, the amount of Br2 formed, according to the equation above, is

(A) 5.00 x 10¯3 mole
(B) 8.10 x 10¯3 mole
(C) 1.35 x 10¯2 mole
(D) 1.50 x 10¯2 mole
(E) 1.62 x 10¯2 mole 

Answers:

8. A
9. D
10. B
19. C
26. C
34. D
35. B
46. E
52. E 
55. A
56. C
65. C
66. D

67. B
Free Response Answers

1993) average score 4.5/5

a) three points

CH3NH2 + H2O <===> CH3NH3+ + OH¯

Kb = ([CH3NH3+] [OH¯]) ÷ [CH3NH2] = 5.25 x 10¯4
	PRIVATE

	CH3NH2 
	CH3NH3+ 
	OH¯ 

	I 
	0.225 
	0 
	0 

	C 
	-x 
	+x 
	+x 

	E 
	0.225 - x 
	x 
	x 


5.25 x 10¯4 = [(x) (x)] / (0.225 - x)

neglect the minus x to get 5.25 x 10¯4 = x2 / 0.225

x = [square root]((5.25 x 10¯4) (0.225))

[OH¯] = 1.09 x 10¯2
(Note: quadratic gives 1.06 x 10¯2)
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b) three points

[CH3NH3+] = 0.0100 mol / 0.120 L = 0.0833 M

5.25 x 10¯4 = [(0.0833 + x) (x)] / (0.225 - x) = 0.0833x / 0.225

x = [OH¯] = 1.42 x 10¯3 mol/L

pOH = 2.85

pH = 11.15

alternate solution using the Henderson-Hasselbalch Equation

pH = pKa = log ([base] / [acid])

pKw = pKa + pKb
pKa = 10.7

pH = 10.7 + log (0.225 / 0.0833)

pH = 11.15

The solution using the pOH form is left to you, gentle reader.


c) two points

HCl must be added.

5.25 x 10¯4 = [(0.0833 + x) (0.0010)] / (0.225 - x)

1.18 x 10¯4 - 5.25 x 10¯4x = 8.33 x 10¯5 + 1.0 x 10¯3x

x = 0.0228 mol/L

x is the amount of base that must be neutralized by the additional acid to reach pH 11
0.0228 mol/L x 0.120 L = 2.74 x 10¯3 mol HCl

alternate solution based on Henderson-Hasselbalch Equation

11.00 = 10.72 + log ([base] / [acid])

log ([base] / [acid]) = 0.28

[base] / [acid] = 1.906 = (0.225 - x) / (0.0833 + x)

x = 0.0227 mol / L

0.0227 mol / L x 0.120 L = 2.73 x 10¯3 mol HCl


d) one point

The [CH3NH3+] / [CH3NH2] ratio does not change in the buffer solution with dilution. Therefore, no effect on pH.

1994) 
a) two points

Ksp = [Mg2+][F¯]2
= (1.21 x 10¯3) (2 x 1.21 x 10¯3)2
= 7.09 x 10¯9

b) two points

Ksp = [Mg2+] (2x + 0.100)2
since 2x is much less than 0.100

= 7.09 x 10¯9 = [Mg2+] (0.010)2
[Mg2+] = (7.09 x 10¯9) / (10¯2)

= 7.09 x 10¯7 M

Note: OK if 0.102 is used for [F¯], then Ksp = 6.76 x 10¯7

c) three points (first point earned if both concentrations are correct; correct substitution and calculation of the wrong concentration values earns the second point [calc. of Q], but not the first

[Mg2+]:
100.0 x 3.00 x 10¯3 = 300.0 x [Mg2+]
[Mg2+] = 1.00 x 10¯3 M

[F¯]:
200.0 x 2.00 x 10¯3 = 300.0 x [F¯]
[F¯] = 1.33 x 10¯3 M

Q = Ion Product = [Mg2+] [F¯]2
= (1.00 x 10¯3) (1.33 x 10¯3)2
= 1.77 x 10¯9
Since Q < Ksp, no precipitate will form.

Note: conclusion must be consistent with Q value.


d) two points

Solubility of MgF2 decreases with the increasing temperature, thus dissolution process is exothermic.

MgF2 ---> Mg2+ + 2F¯ + Q (or H)

Reason:

i) Increased temperature puts a stree on the system (LeChâtelier). The system will reduce the stree by shifting the equilibrium in the endothermic (left) direction.

OR

ii) A data supported argument such as comparing ion concentrations, calculating second Ksp and giving proper interpretations

Complex ions

4(a)    Excess sodium cyanide solution is added to a solution of silver nitrate.
2 CN- + Ag+  (  Ag(CN)2 -

4(b)   Solid silver chloride is added to a solution of concentrated hydrochloric acid.

AgCl +  Cl -  (  AgCl2 -

4(c)   Excess concentrated ammonia solution is added to a solution of nickel(II) sulfate.

4 NH3 + Ni +2  (  Ni(NH3)4 +2
1998)

5) (a) 4 essential steps (2 points) 

1) weigh KHP
2) fill buret with NaOH solution
3) add indicator (phenolphthalein)
4) titrate to endpoint (color change) 

Two points earned for all 4 steps; one point earned for 2 or 3 steps
Titration of acid into base accepted if described correctly 

(b) moles KHP = Mass KHP / molar mass KHP (one point) 

moles KHP = moles OH¯ at equivalence and (moles OH¯/ liters NaOH) = [ OH¯] (one point) 

Acceptable if some parts of part (b) appear in (a) 

(c) Curve should have 3 important features: (2 points) 

1) curve begins above pH 1, but below pH 7
2) equivalence point at 25 mL
3) equivalence point above pH 7

Both points earned for all 3 features
One point earned for any 2 of the 3 features 
(d) At the halfway point in the titration, pH = pKa. (one point)

�Old version answers





