1999 Free-Response Questions

Part A: Question 1

PRIVATE
Directions: CLEARLY SHOW THE METHOD USED AND STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS. It is to your advantage to do this, because you may earn partial credit if you do and you will receive little or no credit if you do not. Attention should be paid to significant figures. Be sure to write all your answers to the questions on the lined pages following each question in the booklet with the pink cover. Do NOT write your answers on the green insert.

The Section II score weighting for this question is 20 percent.

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). 

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

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

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

Part A: Question 2

PRIVATE
Directions: Answer EITHER Question 2 OR Question 3. Only one of these two questions will be graded. If you start both questions, be sure to cross out the question you do not want graded. The Section II score weighting for the question you choose is 20 percent.

Answer the following questions regarding light and its interactions with molecules, atoms, and ions. 

f. The longest wavelength of light with enough energy to break the Cl-Cl bond in Cl2(g) is 495 nm.


1. Calculate the frequency, in s-1, of the light.


2. Calculate the energy, in J, of a photon of the light.


3. Calculate the minimum energy, in kJ mol-1, of the Cl-Cl bond.


g. A certain line in the spectrum of atomic hydrogen is associated with the electronic transition in the H atom from the sixth energy level (n = 6) to the second energy level (n = 2).


1. Indicate whether the H atom emits energy or whether it absorbs energy during the transition. Justify your answer.


2. Calculate the wavelength, in nm, of the radiation associated with the spectral line.


3. Account for the observation that the amount of energy associated with the same electronic transition (n = 6 to n = 2) in the He+ ion is greater than that associated with the corresponding transition in the H atom. 

Part A: Question 3

PRIVATE
Directions: Answer EITHER Question 2 OR Question 3. Only one of these two questions will be graded. If you start both questions, be sure to cross out the question you do not want graded. The Section II score weighting for the question you choose is 20 percent.

2 NO(g) + Br2(g) —> 2 NOBr(g)

A rate study of the reaction represented above was conducted at 25°C. The data that were obtained are shown in the table below.

PRIVATE
Experiment
Initial [NO]
(mol L-1)
Initial [Br2]
(mol L-1)
Initial Rate of Appearance
of NOBr (mol L-1 s-1)

1
0.0160
0.0120
3.24 X 10-4

2
0.0160
0.0240
6.38 X 10-4

3
0.0320
0.0060
6.42 X 10-4

h. Calculate the initial rate of disappearance of Br2(g) in experiment 1.


i. Determine the order of the reaction with respect to each reactant, Br2(g) and NO(g). In each case, explain your reasoning.


j. For the reaction,


1. write the rate law that is consistent with the data, and


2. calculate the value of the specific rate constant, k, and specify units.


k. The following mechanism was proposed for the reaction:


Br2(g) + NO(g) —> NOBr2(g) slow


NOBr2(g) + NO(g) —> 2 NOBr(g) fast


Is this mechanism consistent with the given experimental observations? Justify your answer. 

Part B: Question 4

PRIVATE
Directions: NO CALCULATORS MAY BE USED WITH PART B. 

The Section II score weighting for this question is 15 percent. 

Write the formulas to show the reactants and the products for any FIVE of the laboratory situations described below. Answers to more than five choices will not be graded. In all cases a reaction occurs. Assume that solutions are aqueous unless otherwise indicated. Represent substances in solution as ions if the substances are extensively ionized. Omit formulas for any ions or molecules that are unchanged by the reaction. You need not balance the equations.

Example: A strip of magnesium is added to a solution of silver nitrate.
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l. Calcium oxide powder is added to distilled water.


m. Solid ammonium nitrate is heated to temperatures above 300°C.


n. Liquid bromine is shaken with a 0.5 M sodium iodide solution.


o. Solid lead(II) carbonate is added to a 0.5 M sulfuric acid solution.


p. A mixture of powdered iron(III) oxide and powdered aluminum metal is heated strongly.


q. Methylamine gas is bubbled into distilled water.


r. Carbon dioxide gas is passed over hot, solid sodium oxide.


s. A 0.2 M barium nitrate solution is added to an alkaline 0.2 M potassium chromate solution. 

Part B: Question 5

PRIVATE
Directions: NO CALCULATORS MAY BE USED WITH PART B. 

Your responses to the rest of the questions in this part of the examination will be graded on the basis of the accuracy and relevance of the information cited. Explanations should be clear and well organized. Examples and equations may be included in your responses where appropriate. Specific answers are preferable to broad, diffuse responses.

Answer BOTH Question 5 AND Question 6. Both of these questions will be graded. The Section II score weighting for these questions is 30 percent (15 percent each).

A student performs an experiment to determine the molar mass of an unknown gas. A small amount of the pure gas is released from a pressurized container and collected in a graduated tube over water at room temperature, as shown in the diagram above. The collection tube containing the gas is allowed to stand for several minutes, and its depth is adjusted until the water levels inside and outside the tube are the same. Assume that: 

· the gas is not appreciably soluble in water 

· the gas collected in the graduated tube and the water are in thermal equilibrium 

· a barometer, a thermometer, an analytical balance, and a table of the equilibrium vapor pressure of water at various temperatures are also available. 

t. Write the equation(s) needed to calculate the molar mass of the gas.


u. List the measurements that must be made in order to calculate the molar mass of the gas.


v. Explain the purpose of equalizing the water levels inside and outside the gas collection tube.


w. The student determines the molar mass of the gas to be 64 g mol-1. Write the expression (set-up) for calculating the percent error in the experimental value, assuming that the unknown gas is butane (molar mass 58 g mol-1). Calculations are not required.


x. If the student fails to use information from the table of the equilibrium vapor pressures of water in the calculation, the calculated value for the molar mass of the unknown gas will be smaller than the actual value. Explain. 

Part B: Question 6

PRIVATE
Directions: NO CALCULATORS MAY BE USED WITH PART B. 

Your responses to the rest of the questions in this part of the examination will be graded on the basis of the accuracy and relevance of the information cited. Explanations should be clear and well organized. Examples and equations may be included in your responses where appropriate. Specific answers are preferable to broad, diffuse responses.

Answer BOTH Question 5 AND Question 6. Both of these questions will be graded. The Section II score weighting for these questions is 30 percent (15 percent each).

Answer the following questions in terms of thermodynamic principles and concepts of kinetic molecular theory.

y. Consider the reaction represented below, which is spontaneous at 298 K.


CO2(g) + 2 NH3(g) —> CO(NH2)2(s) + H2O(l); delta H°298 = -134 kJ 

1. For the reaction, indicate whether the standard entropy change, delta S°298, is positive, or negative, or zero. Justify your answer. 


2. Which factor, the change in enthalpy, delta H°298, or the change in entropy, delta S°298, provides the principal driving force for the reaction at 298 K? Explain. 


3. For the reaction, how is the value of the standard free energy change, delta G°, affected by an increase in temperature? Explain. 


z. Some reactions that are predicted by their sign of delta G° to be spontaneous at room temperature do not proceed at a measurable rate at room temperature. 


1. Account for this apparent contradiction. 


2. A suitable catalyst increases the rate of such a reaction. What effect does the catalyst have on delta G° for the reaction? Explain. 


Part B: Question 7

PRIVATE
Directions: NO CALCULATORS MAY BE USED WITH PART B. 

Answer EITHER Question 7 OR Question 8. Only one of these two questions will be graded. If you start both questions, be sure to cross out the question you do not want graded. The Section II score weighting for the question you choose is 15 percent.

Answer the following questions, which refer to the 100 mL samples of aqueous solutions at 25°C in the stoppered flasks shown below.

Solutions: (.10 M NaF, .10 M MgCl2, .10 M C2H5OH, .10 M CH3COOH)

aa. Which solution has the lowest electrical conductivity? Explain.


ab. Which solution has the lowest freezing point? Explain.


ac. Above which solution is the pressure of water vapor greatest? Explain.


ad. Which solution has the highest pH? Explain. 

Part B: Question 8

PRIVATE
Directions: NO CALCULATORS MAY BE USED WITH PART B. 

Answer EITHER Question 7 OR Question 8. Only one of these two questions will be graded. If you start both questions, be sure to cross out the question you do not want graded. The Section II score weighting for the question you choose is 15 percent.

Answer the following questions using principles of chemical bonding and molecular structure. 

ae. Consider the carbon dioxide molecule, CO2 , and the carbonate ion, CO32-.


1. Draw the complete Lewis electron-dot structure for each species.


2. Account for the fact that the carbon-oxygen bond length in CO32- is greater than the carbon-oxygen bond length in CO2. 


af. Consider the molecules CF4 and SF4.


1. Draw the complete Lewis electron-dot structure for each molecule.


2. In terms of molecular geometry, account for the fact that the CF4 molecule is nonpolar, whereas the SF4 molecule is polar. 

