Advanced Placement Chemistry: 1986 Free Response Questions
1) In water, hydrazoic acid, HN3, is a weak acid that has an equilibrium constant, Ka, equal to 2.8 x 10¯5 at 25 °C. A 0.300-liter sample of a 0.050-molar solution of the acid is prepared.

(a) Write the expression for the equilibrium constant, Ka, for hydrazoic acid.

(b) Calculate the pH of this solution at 25 °C.

(c) To 0.150 liter of this solution, 0.80 gram of sodium azide, NaN3, is added. The salt dissolves completely. Calculate the pH of the resulting solution at 25 °C if the volume of the solution remains unchanged.

(d) To the remaining 0.150 liter of the original solution, 0.075 liter of 0.100-molar NaOH solution is added. Calculate the [OH¯] for the resulting solution at 25 °C.

2) A direct current of 0.125 ampere was passed through 200 milliliters of a 0.25-molar solution of Fe2(SO4)3 between platinum electrodes for a period of 1.100 hours. Oxygen gas was produced at the anode. The only change at the cathodes was a slight change in the color of the solution. At the end of the electrolysis, the electrolyte was acidified with sulfuric acid and was titrated with an aqueous solution of potassium permanganate. The volume of the KMnO4 solution required to reach the end point was 24.65 milliliters.

(a) How many faradays were passed through the solution?

(b) Write a balanced half-reaction for the process that occurred at the cathode during the electrolysis.

(c) Write a balanced net ionic equation for the reaction that occurred during the titration with potassium permanganate.

(d) Calculate the molarity of the KMnO4 solution.

3) Three volatile compounds X, Y, and Z each contain element Q. The percent by weight of element Q in each compound was determined. Some of the data obtained are given below.

PRIVATE
Compound 
Percent by Weight
of Element Q 
Molecular Weight 

X 
64.8% 
? 

Y 
73.0% 
104. 

Z 
59.3% 
64.0 

(a) The vapor density of compound X at 27 °C and 750. mm Hg was determined to be 3.53 grams per liter. Calculate the molecular weight of compound X.

(b) Determine the mass of element Q contained in 1.00 mole of each of the three compounds.

(c) Calculate the most probable value of the atomic weight of element Q.

(d) Compound Z contains carbon, hydrogen, and element Q. When 1.00 gram of compound Z is oxidized and all of the carbon and hydrogen are converted to oxides, 1.37 grams of CO2 and 0.281 gram of water are produced. Determine the most probable molecular formula of compound Z.

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) A piece of lithium metal is dropped into a container of nitrogen gas.

(b) Dilute hydrochloric acid is added to a solution of potassium sulfite.

(c) Solid sodium oxide is added to water.

(d) A solution of sodium sulfide is added to a solution of zinc nitrate.

(e) A solution of ammonia is added to a dilute solution of acetic acid.

(f) A piece of iron is added to a solution of iron(III) sulfate.

(g) Ethene (ethylene) gas is bubbled through a solution of bromine.

(h) Chlorine gas is bubbled into a solution of potassium iodide.

5) The first ionization energy of sodium is +496 kilojoules per mole, yet the standard heat of formation of sodium chloride from its elements in their standard state is -411 kilojoules per mole.

(a) Name the factors that determine the magnitude of the standard heat of formation of solid sodium chloride. Indicate whether each factor makes the reaction for the formation of sodium chloride from its elements more or less exothermic.

(b) Name the factors that determine whether the reaction that occurs when such a salt dissolves in water is exothermic or endothermic and discuss the effect of each factor on the solubility.

6) The overall order of a reaction may not be predictable from the stoichiometry of the reaction.

(a) Explain how this statement can be true.

(b) 2 XY ---> X2 + Y2
1. For the hypothetical reaction above, give a rate law that shows that the reaction is first order in the reactant XY.
2. Give the units for the specific rate constant for this rate law.
3. Propose a mechanism that is consistent with both the rate law and the stoichiometry. 

7) 
PRIVATE
H2SO3 
HSO3¯ 
HClO4 
HClO3 
H3BO3 

Oxyacids, such as those above, contain an atom bonded to one or more oxygen atoms; one or more of these oxygen atoms may also be bonded to hydrogen.

(a) Discuss the factors that are often used to predict correctly the strengths of the oxyacids listed above.

(b) Arrange the examples above in the order of increasing acid strength.

8) Give a scientific explanation for each of the following observations. Use equations or diagrams if they seem relevant.

(a) Graphite is used to make electrodes, while diamond, another allotrope of carbon, is a very poor conductor of electricity.

(b) Putting rock salt on an icy driveway melts the ice even when the air temperature is -10 °C.

(c) A hot-air balloon must be much larger than a helium-filled balloon in order to lift the same weight.

(d) Carbon dioxide, rather than a stream of water, should be used to extinguish an oil fire.

9) 
(a) Describe what you would see if you added

1. a piece of zinc metal to a test tube that contains 6-molar hydrochloric acid;
2. a piece of copper metal to another test tube that contains 6-molar hydrochloric acid. 

(b) Write balanced equations for any reactions that occur.

(c) Explain how you could use the table of standard reduction potentials on page 4 to predict the observed results.

(d) In a separate experiment, concentrated nitric acid is added to a test tube containing a piece of copper metal.

1. Describe what you would see.
2. Explain any differences between the results obtained in this experiment and those obtained with copper metal in part (a). 

