Mandatory Problems

1991
The acid ionization constant, Ka, for propanoic acid, C2H5COOH, is 1.3x10-5.

a. Calculate the hydrogen ion concentration, [H+], in a 0.20-molar solution of propanoic acid.

b. Calculate the percentage of propanoic acid molecules that are ionized in the solution in (a).

c. What is the ratio of the concentration of propanoate ion, C2H5COO-, to that of propanoic acid in a buffer solution with a pH of 5.20?
d. In a 100.-milliliter sample of a different buffer solution, the propanoic acid concentration is 0.35-molar and the sodium propanoate concentration is 0.50-molar. To this buffer solution, 0.0040 mole of solid NaOH is added. Calculate the pH of the resulting solution.
1992
2 NaHCO3(s)  ((  Na2CO3(s) + H2O(g) + CO2(g)

Solid sodium hydrogen carbonate, NaHCO3, decomposes on heating according to the equation above.

a. A sample of 100. grams of solid NaHCO3 was placed in a previously evacuated rigid 5.00-liter container and heated to 160ºC. Some of the original solid remained and the total pressure in the container was 7.76 atmospheres when equilibrium was reached. Calculate the number of moles of H2O(g) present at equilibrium.

b. How many grams of the original solid remain in the container under the conditions described in (a)?

c. Write the equilibrium expression for the equilibrium constant, KP, and calculate its value for the reaction under the conditions in (a).
d. If 110. grams of solid NaHCO3 had been placed in the 5.00-liter container and heated to 160ºC, what would the total pressure have been at equilibrium? Explain.
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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 aqueous solution of methylamine.

b. Calculate the pH of a solution made by adding 0.0100 mole of solid methylammonium nitrate to 120.0 milliliters of a 0.225-molar solution of methylamine. Assume 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. milliliters of distilled water is added to the solution in (c). How is the pH of the solution affected? Explain.
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MgF2(s)  ((  Mg2+(aq) + 2 F-(aq)

In a saturated solution of MgF2 at 18ºC, the concentration of Mg2+ is 1.21 x 10-3 molar. The equilibrium is represented by the equation above.

a. Write the expression for the solubility-product constant, Ksp, and calculate its value at 18ºC.

b. Calculate the equilibrium concentration of Mg2+ in 1.000 liter of saturated MgF2 solution at 18ºC to which 0.100 mole of solid KF has been added. The KF dissolves completely. Assume the volume change is negligible.

c. Predict whether a precipitate of MgF2 will form when 100.0 milliliters of a 3.00 x 10-3 molar Mg(NO3)2 solution is mixed with 200.0 milliliters of a 2.00 x l0-3 molar NaF solution at 18ºC. Calculations to support your prediction must be shown.
d. At 27ºC the concentration of Mg2+ in a saturated solution of MgF2 is 1.17 x 10-3 molar. Is the dissolving of MgF2 in water an endothermic or an exothermic process? Give an explanation to support your conclusion.
1995

CO2(g)  +  H2(g)  ((  H2O(g)  +  CO(g)

When H2(g) is mixed with CO2(g) at 2,000 K, equilibrium is achieved according to the equation above. In one experiment, the following equilibrium concentrations were measured.


[H2]
= 0.20 mol/L


[CO2]
= 0.30 mol/L


[H2O] = [CO]
= 0.55 mol/L

a. What is the mole fraction of CO(g) in the equilibrium mixture?

b. Using the equilibrium concentrations given above, calculate the value of Kc the equilibrium constant for the reaction.

c. Determine Kp in terms of Kc for this system.
d. When the system is cooled from 2,000 K to a lower temperature, 30.0 percent of the CO(g) is converted back to CO2(g). Calculate the value of Kc at this lower temperature.
e. In a different experiment, 0.50 mole of H2(g) is mixed with 0.50 mole of CO2(g) in a 3.0-liter reaction vessel at 2,000 K. Calculate the equilibrium concentration, in moles per liter, of CO(g) at this temperature.
1996
HOCl  ((  OCl-  +  H+
Hypochlorous acid, HOCl, is a weak acid commonly used as a bleaching agent. The acid-dissociation constant, Ka, for the reaction represented above is 3.2x10-8.

a. Calculate the [H+] of a 0.14-molar solution of HOCl.

b. Write the correctly balanced net ionic equation for the reaction that occurs when NaOCl is dissolved in water and calculate the numerical value of the equilibrium constant for the reaction.

c. Calculate the pH of a solution made by combining 40.0 milliliters of 0.14-molar HOCl and 10.0 milliliters of 0.56-molar NaOH.

d. How many millimoles of solid NaOH must be added to 50.0 milliliters of 0.20-molar HOCl to obtain a buffer solution that has a pH of 7.49? Assume that the addition of the solid NaOH results in a negligible change in volume.

e. Household bleach is made by dissolving chlorine gas in water, as represented below.

Cl2(g) +  H2O  -->  H+ +  Cl- +  HOCl(aq)

Calculate the pH of such a solution if the concentration of HOCl in the solution is 0.065 molar.
1997

The overall dissociation of oxalic acid, H2C2O4, is represented below. The overall dissociation constant is also indicated.

H2C2O4 (( 2 H+ + C2O42-
K = 3.78x10-6
a. What volume of 0.400-molar NaOH is required to neutralize completely a 5.00x10-3-mole sample of pure oxalic acid?

b. Give the equations representing the first and second dissociations of oxalic acid. Calculate the value of the first dissociation constant, K1, for oxalic acid if the value of the second dissociation constant, K2, is 6.40x10-5.

c. To a 0.015-molar solution of oxalic acid, a strong acid is added until the pH is 0.5. Calculate the [C2O42-] in the resulting solution. (Assume the change in volume is negligible.)
d. Calculate the value of the equilibrium constant, Kb, for the reaction that occurs when solid Na2C2O4 is dissolved in water.
1998

Solve the following problem related to the solubility equilibria of some metal hydroxides in aqueous solution.

a. The solubility of Cu(OH)2(s) is 1.72 x 10-6 gram per 100. milliliters of solution at 25*C.

i. Write the balanced chemical equation for the dissociation of Cu(OH)2(s) in aqueous solution.

ii. Calculate the solubility (in moles per liter) of Cu(OH)2 at 25*C.

iii. Calculate the value of the solubility-product constant, Ksp, for Cu(OH)2 at 25*C.

b. The value of the solubility-product constant, Ksp, for Zn(OH)2 is 7.7 x 10-17 at 25*C.

i. Calculate the solubility (in moles per liter) of Zn(OH)2 at 25*C in a solution with a pH of 9.35.
ii. At 25*C, 50.0 milliliters of 0.100-molar Zn(NO3)2 is mixed with 50.0 milliliters of 0.300-molar NaOH. Calculate the molar concentration of Zn2+(aq) in the resulting solution once equilibrium has been established. Assume that volumes are additive.
1999

NH3(aq)  +  H2O(l)  ((  NH4+(aq)  +  OH-(aq)

In aqueous solution, ammonia reacts as represented above. In 0.0180 M NH3(aq) at 25 *C, the hydroxide ion concentration, [OH-], is 5.60 x 10-4 M. In answering the following, assume that temperature is constant at 25 *C and that volumes are additive.

a. Write the equilibrium-constant expression for the reaction represented above.

b. Determine the pH of 0.0180 M NH3(aq).

c. Determine the value of the base ionization constant, Kb, for NH3(aq).

d. Determine the percent ionization of NH3 in 0.0180 M NH3(aq).

e. In an experiment, a 20.0 mL sample of 0.0180 M NH3(aq) was placed in a flask and titrated to the equivalence point and beyond using 0.0120 M HCl(aq).

i. Determine the volume of 0.0120 M HCl(aq) that was added to reach the equivalence point.

ii. Determine the pH of the solution in the flask after a total of 15.0 mL of 0.0120 M HCl (aq) was added.

iii. Determine the pH of the solution in the flask after a total of 40.0 mL of 0.0120 M HCl (aq) was added.

2000

2H2S(g)  ((  2H2(g)  +  S2(g)

When heated, hydrogen sulfide gas decomposes according to the equation above. A 3.40 g sample of H2S(g) is introduced into an evacuated rigid 1.25 L container. The sealed container is heated to 483 K, and 3.72 x 10-2 mole of S2(g) is present at equilibrium.

a. Write the expression for the equilibrium constant, Kc, for the decomposition reaction represented above.

b. Calculate the equilibrium concentration, in mol L-1, of the following gases in the container at 483 K.

i. H2(g)

ii. H2S(g)

c. Calculate the value of the equilibrium constant, Kc, for the decomposition reaction at 483 K.

d. Calculate the partial pressure of S2(g) in the container at equilibrium at 483 K.

e. For the reaction H2(g)  +  1/2S2(g)  ((  H2S(g) at 483 K, calculate the value of the equilibrium constant, Kc.

2001
Answer the following questions relating to the solubility of the chlorides of silver and lead.

a. At 10 *C, 8.9 x 10-5 g of AgCl(s) will dissolve in 100. mL of water.

i. Write the equation for the dissociation of AgCl(s) in water.

ii. Calculate the solubility, in mol L-1, of AgCl(s) in water at 10 *C.

iii. Calculate the value of the solubility-product constant, Ksp, for AgCl(s) at 10 *C.

b. At 25 *C, the value of Ksp for PbCl2(s) is 1.6 x 10-5 and the value of Ksp for AgCl(s) is 1.8 x 10-10.

i. If 60.0 mL of 0.0400 M NaCl(aq) is added to 60.0 mL of 0.0300 M Pb(NO3)2(aq), will a precipitate form? Assume that the volumes are additive. Show calculations to support your answer.

ii. Calculate the equilibrium value of [Pb2+(aq)] in 1.00 L of saturated PbCl2 solution to which 0.250 mole of NaCl(aq) has been added. Assume that no volume change occurs. 

iii. If 0.100 M NaCl(aq) is added slowly to a beaker containing both 0.120 M AgNO3(aq) and 0.150 M Pb(NO3)2(aq) at 25 *C, which will precipitate first, AgCl(s) or PbCl2(s)? Show calculations to support your answer.

2002
HOBr(aq)  ((  H+(aq)  +  OBr-(aq)        Ka = 2.3 x 10-9
Hypobromous acid, HOBr, is a weak acid that dissociates in water, as represented by the equation above.

a. Calculate the value of [H+] in an HOBr solution that has a pH of 4.95.

b. Write the equilibrium constant expression for the ionization of HOBr in water, then calculate the concentration of HOBr(aq) in an HOBr solution that has [H+] equal to 1.8 x 10-5 M.

c. A solution of Ba(OH)2 is titrated into a solution of HOBr.

i. Calculate the volume of 0.115 M Ba(OH)2(aq) needed to reach the equivalence point when titrated into a 65.0 mL sample of 0.146 M HOBr(aq).

ii. Indicate whether the pH at the equivalence point is less than 7, equal to 7, or greater than 7. Explain.

d. Calculate the number of moles of NaOBr(s) that would have to be added to 125 mL of 0.160 M HOBr to produce a buffer solution with [H+] = 5.00 x 10-9 M. Assume that volume change is negligible. 

e. HOBr is a weaker acid than HBrO3. Account for this fact in terms of molecular structure.
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C6H5NH2(aq)  +  H2O(l)  ((  C6H5NH3+(aq)  +  OH-(aq)

Aniline, a weak base, reacts with water according to the reaction represented above.

a. Write the equilibrium expression, Kb, for the reaction represented above.

b. A sample of aniline is dissolved in water to produce 25.0 mL of a 0.10 M solution. The pH of the solution is 8.82. Calculate the equilibrium constant, Kb, for this reaction.

c. The solution prepared in (b) is titrated with 0.10 M HCl. Calculate the pH of the solution when 5.0 mL of the acid has been added.

d. Calculate the pH at the equivalence point of the titration in part (c). 

e. The pKa values for several indicators are given below. Which of the indicators listed is most suitable for this titration? Justify your answer.

	Indicator
	pKa

	Erythrosine
	3

	Litmus
	7

	Thymolphthalein
	10


2004

Answer the following questions relating to the solubilities of two silver compounds, Ag2CrO4 and Ag3PO4.

Silver chromate dissociates in water according to the equation below.

Ag2CrO4(s)  ((  2Ag+(aq)  +  CrO42-(aq)      Ksp = 2.6 x 10-12 at 25*C
a. Write the equilibrium-constant expression for the dissolving of Ag2CrO4(s).

b. Calculate the concentration, in mol L-1, of Ag+(aq) in a saturated solution of Ag2CrO4 at 25*C. 

c. Calculate the maximum mass, in grams, of Ag2CrO4 that can dissolve in 100. mL of water at 25*C.
d. A 0.100 mol sample of solid AgNO3 is added to a 1.00 L saturated solution of Ag2CrO4. Assuming no volume change, does [CrO42-] increase, decrease, or stay the same? Justify your answer.
In a saturated solution of Ag3PO4 at 25*C, the concentration of Ag+(aq) is 5.3 x 10-5 M. The equilibrium-constant expression for the dissolving of Ag3PO4 (s) in water is shown below.






Ksp = [Ag+]3[PO43-]

e. Write the balanced equation for the dissolving of Ag3PO4 in water.

f. Calculate the value of Ksp for Ag3PO4 at 25*C.

g. A 1.00 L sample of saturated Ag3PO4 solution is allowed to evaporate at 25*C to a final volume of 500. mL. What is [Ag+] in the solution? Justify your answer.
2005

HC3H5O2(aq)  ((  C3H5O2-(aq)  +  H+(aq)      Ka = 1.34 x 10-5
1. Propanoic acid, HC2H5O2, ionizes in water according to the equation above.
a. Write the equilibrium-constant expression for the reaction.

b. Calculate the pH of a 0.265 M solution of propanoic acid.

c. A 0.496 sample of sodium propanoate, NaC3H5O2, is added to a 50.0 mL sample of a 0.265 M solution of propanoic acid. Assuming that no change in the volume of the solution occurs, calculate each of the following:

i. The concentration of the propanoate ion, C3H5O2-(aq), in the solution.
ii. The concentration of the H+(aq) in the solution.
The methanoate ion, HCO2-(aq), reacts with water to form methanoic acid and hydroxide ion, as shown in the following equation.

HCO2-(aq)  +  H2O(l)  ((  HCO2H(aq)  +  OH-(aq)
d. Given that [OH-] is 4.18 x 10-6 M in a 0.309 M solution of sodium methanoate, calculate each of the following:
i. The value of Kb for the methanoate ion, HCO2-(aq)
ii. The value of Ka for methanoic acid, HCO2H

e. Which acid is stronger, propanoic acid or methanoic acid? Justify your answer.
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