Advanced Placement Chemistry: 1996 Free Response Questions
1) Give the formulas to show the reactants and the products for FIVE of the following chemical reactions. Each of the reactions occurs in aqueous solution unless otherwise indicated. Represent substances in solution as ions if the substance is extensively ionized. Omit formulas for any ions or molecules that are unchanged by the reaction. In all cases a reaction occurs. You need not balance.

Example: A strip of magnesium is added to a solution of silver nitrate.

Mg + Ag+ ---> Mg2+ + Ag

(a) Solid calcium carbonate is strongly heated.

(b) A piece of nickel metal is immersed in a solution of copper(II) sulfate.

(c) Equal volumes of equimolar solutions of disodium hydrogen phosphate and hydrochloric acid are mixed.

(d) Chlorine gas is bubbled into a solution of sodium bromide.

(e) Ammonia gas is bubbled into a solution of ethanoic (acetic) acid.

(f) Solid ammonium carbonate is added to a saturated solution of barium hydroxide.

(g) Drops of liquid dinitrogen trioxide are added to distilled water.

(h) Solutions of potassium permanganate and sodium oxalate are mixed.


2) 




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 3.2 x 10¯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 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.


3)




 C2H2(g) + 2 H2(g) ---> C2H6(g) 

Information about the substances

Substance
S° (J/mol K)
H°f (kJ/mol)
Bond
Bond Energy (kJ/mol)

C2H2(g)

200.9


226.7

C-C

347

H2(g)

130.7


0

C=C

611

C2H6(g)

--------

-84.7

C-H

414








H-H

436

(a) If the value of the standard entropy change, S°, for the reaction is -232.7 joules per mole Kelvin, calculate the standard molar entropy, S°, of C2H6 gas.

(b) Calculate the value of the standard free-energy change, G°, for the reaction. What does the sign of G° indicate about the reaction above?

(c) Calculate the value of the equilibrium constant, K, for the reaction at 298 K.

(d) Calculate the value of the C [triple bond] C bond energy in C2H2 in kilojoules per mole.


4) Concentrated sulfuric acid (18.4-molar H2SO4) has a density of 1.84 grams per milliliter. After dilution with water to 5.20-molar, the solution has a density of 1.38 grams per milliliter and can be used as an electrolyte in lead storage batteries for automobiles.

(a) Calculate the volume of concentrated acid required to prepare 1.00 liter of 5.20-molar H2SO4.

(b) Determine the mass percent of H2SO4 in the original concentrated solution.

(c) Calculate the volume of 5.20-molar H2SO4 that can be completely neutralized with 10.5 grams of sodium bicarbonate NaHCO3.

(d) What is the molality of the 5.20-molar H2SO4 ?


5) 



Represented above are five identical balloons, each filled to the same volume at 25°C and 1.0 atmosphere pressure with the pure gas indicated.

(a) Which balloon contains the greatest mass of gas? Explain.

(b) Compare the average kinetic energies of the gas molecules in the balloons. Explain.

(c) Which balloon contains the gas that would be expected to deviate most from the behavior of an ideal gas? Explain.

(d) Twelve hours after being filled, all the balloons have decreased in size. Predict which balloon will be the smallest. Explain your reasoning.


6) A 0.500-gram sample of a weak, nonvolatile acid, HA, was dissolved in sufficient water to make 50.0 milliliters of solution. The solution was then titrated with a standard NaOH solution. Predict how the calculated molar mass of HA would be affected (too high, too low, or not affected) by the following laboratory procedures. Explain each of your answers.

(a) After rinsing the buret with distilled water, the buret is filled with the standards NaOH solution; the weak acid HA is titrated to its equivalence point.

(b) Extra water is added to the 0.500-gram sample of HA.

(c) An indicator that changes color at pH 5 is used to signal the equivalence point.

(d) An air bubble passes unnoticed through the tip of the buret during the titration.


7)



 Sr(s) + Mg2+ <===> Sr2+ + Mg(s) 

Consider the reaction represented above that occurs at 25°C. All reactants and products are in their standard states. The value of the equilibrium constant, Keq, for the reaction is 4.2 x 1017 at 25°C.

(a) Predict the sign of the standard cell potential, E°, for a cell based on the reaction. Explain your prediction.

(b) Identify the oxidizing agent for the spontaneous reaction.

(c) If the reaction were carried out at 60°C instead of 25°C, how would the cell potential change? Justify your answer.

(d) How would the cell potential change if the reaction were carried out at 25°C with a 1.0-molar solution of Mg(NO3)2 and a 0.10-molar solution of Sr(NO3)2? Explain.

(e) When the cell reaction in (d) reaches equilibrium, what is the cell potential?


8) The reaction between NO and H2 is believed to occur in the following three-step process.

NO + NO <===> N2O2 (fast)
N2O2 + H2 ---> N2O + H2O (slow)
N2O + H2 ---> N2 + H2O (fast) 

(a) Write a balanced equation for the overall reaction.

(b) Identify the intermediates in the reaction. Explain your reasoning.

(c) From the mechanism represented above, a student correctly deduces that the rate law for the reaction is rate = k[NO]2[H2]. The student then concludes that (1) the reaction is third-order and (2) the mechanism involves the simultaneous collision of two NO molecules and an H2 molecule. Are conclusions (1) and (2) correct? Explain.

(d) Explain why an increase in temperature increases the rate constant, k, given the rate law in (c).


9) Explain each of the following in terms of the electronic structure and/or bonding of the compounds involved.

(a) At ordinary conditions, HF (normal boiling point = 20°C) is a liquid, whereas HCl (normal boiling point = -114°C) is a gas.

(b) Molecules of AsF3 are polar, whereas molecules of AsF5 are nonpolar.

(c) The N-O bonds in the NO2¯ ion are equal in length, whereas they are unequal in HNO2.

(d) For sulfur, the fluorides SF2, SF4, and SF6 are known to exist, whereas for oxygen only OF2 is known to exist.

