Advanced Placement Chemistry: 1987 Free Response Questions
1) NH3 + H2O <===> NH4+ + OH¯ 

Ammonia is a weak base that dissociates in water as shown above. At 25 °C, the base dissociation constant, Kb, for NH3 is 1.8 x 10¯5.

(a) Determine the hydroxide ion concentration and the percentage dissociation of a 0.150-molar solution of ammonia at 25 °C.

(b) Determine the pH of a solution prepared by adding 0.0500 mole of solid ammonium chloride to 100. milliliters of a 0.150-molar solution of ammonia.

(c) If 0.0800 mole of solid magnesium chloride, MgCl2, is dissolved in the solution prepared in part (b) and the resulting solution is well-stirred, will a precipitate of Mg(OH)2 form? Show calculation to support your answer. (Assume the volume of the solution is unchanged. The solubility product constant for Mg(OH)2 is 1.5 x 10¯11).

2)                                              2 HgCl2 (aq) + C2O42¯ --> 2 Cl¯ + 2 CO2 (g) + Hg2Cl2 (s) 

The equation for the reaction between mercuric chloride and oxalate ion in hot aqueous solution is shown above. The reaction rate may be determined by measuring the initial rate of formation of chloride ion, at constant temperature, for various initial concentrations of mercuric chloride and oxalate as shown in the following table.

PRIVATE
Experiment 
Initial
[HgCl2] 
Initial
[C2O42¯] 
Initial Rate
of formation
of Cl¯ (mole/liter-min) 

(1) 
0.0836 M 
0.202 M 
0.52 x 10¯4 

(2) 
0.0836 M 
0.404 M 
2.08 x 10¯4 

(3) 
0.0418 M 
0.404 M 
1.06 x 10¯4 

(4) 
0.0316 M 
? 
1.27 x 10¯4 

(a) According to the data shown, what is the rate law for the reaction above?

(b) On the basis of the rate law determined in part (a), calculate the specific rate constant. Specify the units.

(c) What is the numerical value for the initial rate of disappearance of C2O42¯ for Experiment 1?

(d) Calculate the initial oxalate ion concentration for Experiment 4.

3) The percentage by weight of nitric acid, HNO3, in a sample of concentrated nitric acid is to be determined.
(a) Initially, a NaOH solution was standardized by titration with a sample of potassium hydrogen phthalate, KHC8H4O4, a monoprotic acid often used as a primary standard. A sample of pure KHC8H4O4 weighing 1.518 grams was dissolved in water and titrated with NaOH solution. To reach the equivalence point, 26.90 milliliters of base required. Calculate the molarity of the NaOH solution. (Molecular weight: KHC8H4O4 = 204.2)

(b) A 10.00-milliter sample of the concentrated nitric acid was diluted with water to a total volume of 500.0 milliliters. Then 25.00 milliliters of the diluted acid solution was titrated with the standardized NaOH prepared in part (a). The equivalence point was reached after 28.35 milliliters of the base had been added. Calculate the molarity of the concentrated nitric acid.

(c) The density of the concentrated nitric used in this experiment was determined to be 1.42 grams per milliliter. Determine percentage by weight of HNO3 in the original sample of concentrated nitric acid.

4) Use appropriate ionic and molecular formulas to show the reactants and the products for the following, each of which occurs in aqueous solution except as indicated. Omit formulas for any ionic or molecular species that do not take part in the reaction. You need not balance. In all cases a reaction occurs.

a) Solid calcium is added to warm water.

b) Powdered magnesium oxide is added to a container of carbon dioxide gas.

c) Gaseous hydrogen sulfide is bubbled through a solution of nickel(II) nitrate.

d) Excess concentrated sodium hydroxide solution is added to solid aluminum hydroxide.

e) Solid silver is added to a dilute nitric acid (6M) solution.

f) Excess potassium hydroxide solution is added to a solution of potassium dihydrogen phosphate.

g) Hydrogen peroxide solution is added to a solution of iron(II) sulfate.

h) Propanol is burned completely in air.

5) Use the details of modern atomic theory to explain each of the following experimental observations.
(a) Within a family such as the alkali metals, the ionic radius increases as the atomic number increases.

(b) The radius of the chlorine atom is smaller than the radius of the chloride ion, Cl¯. (Radii: Cl atom = 0.99 Å; Cl= ion = 1.81 Å)

(c) The first ionization energy of aluminum is lower than the first ionization energy of magnesium. (First ionization energies: 12Mg = 7.6 ev, 13Al = 6.0 ev)

(d) For magnesium, the difference between the second and third ionization energies is much larger than the difference between the first and second ionization energies. (Ionization energies, in electron-volts, for Mg: 1st = 7.6, 2nd = 14, 3rd = 80)

6) A dilute solution of sodium sulfate, Na2SO4, was electrolyzed using inert platinum electrodes. In a separate experiment, a concentrated solution of sodium chloride, NaCl, was electrolyzed also using inert platinum electrodes. In each experiment, gas formation was observed at both electrodes.

a) Explain why metallic sodium is not formed in either experiment.

b) Write balanced equations for the half-reactions that occur at the electrodes during electrolysis of the dilute sodium sulfate solution. Clearly indicate which half-reaction occurs at each electrode.

c) Write balanced equations for the half-reactions that occur at the electrodes during the electrolysis of the concentrated sodium chloride solution. Clearly indicate which half-reaction occurs at each electrode.

d) Select two of the gases obtained in these experiments, and for each gas, indicate one experimental procedure that can be used to identify it.

7) In 1884 the Swedish chemist Svante Arrhenius proposed that salts dissociate into two or more separate, independent, ionic fragments when they dissolve in water.

a) Give one piece of experimental evidence that more than 1 mole of particles is formed when 1 mole of a salt dissolves in water.

b) Give one piece of experimental evidence that the particles formed when a salt dissolves in water are charged.

c) Explain why the heat of neutralization is always the same when 1 mole of any monoprotic strong acid reacts with enough strong base to form a neutral solution.

d) Explain why hydrogen chloride, HCl, dissociates when it dissolves in water, but not when it dissolves in benzene.

8) When crystals of barium hydroxide, Ba(OH)2 . 8H2O, are mixed with crystals of ammonium thiocyanate, NH4SCN, at room temperature in an open beaker, the mixtures liquefies, the temperature drops dramatically, and the odor of ammonia is detected. The reaction that occurs is the following:

Ba(OH)2 . 8H2O(s) + 2 NH2SCN(s)---> Ba2+ + 2 SCN¯ + 2 NH3(g) + 10 H2O(l)

a) Indicate how the enthalpy, the entropy, and the free energy of this system change as the reaction occurs. Explain your predictions.

b) If the beaker in which the reaction is taking place is put on a block of wet wood, the water on the wood immediately freezes and the beaker adheres to the wood. Yet the water inside the beaker, formed as the reaction proceeds, does not freeze even though the temperature of the reaction mixture drops to -15 °C. Explain these observations.

9) Two important concepts that relate to the behavior of electrons in atomic system are the Heisenberg uncertainty principle and the wave-particle duality of matter.

a) State the Heisenberg uncertainty principle as it relates to determining the position and momentum of an object.

b) What aspect of the Bohr theory of the atom is considered unsatisfactory as a result of the Heisenberg uncertainty principle?

c) Explain why the uncertainty principle or the wave nature of particles is not significant when describing the behavior of macroscopic objects, but is very significant when describing the behavior of electrons.

