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INFORMATION IN THE TABLE BELOW AND IN THE TABLES ON PAGES 3-5 MAY BE USEFUL IN ANSWERING 
THE QUESTIONS IN THIS SECTION OF THE EXAMINATION. 
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STANDARD REDUCTION POTENTIALS IN AQUEOUS SOLUTION AT 25°C 
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ADVANCED PLACEMENT CHEMISTRY EQUATIONS AND CONSTANTS 
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ATOMIC STRUCTURE 
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GASES, LIQUIDS, AND SOLUTIONS 
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CHEMISTRY 
Section II 

(Total time—90 minutes) 

 
Part A 

Time—40 minutes 

YOU MAY USE YOUR CALCULATOR FOR PART A. 
 

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS. 
It is to your advantage to do this, since you may obtain 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 
goldenrod cover. Do NOT write your answers on the lavender insert. 
 
Answer Question 1 below. The Section II score weighting for this question is 20 percent. 
 

2 HI(g)  →←   H2(g)  +  I2(g) 

 1. After a 1.0 mole sample of HI(g) is placed into an evacuated 1.0 L container at 700. K, the reaction represented 
above occurs. The concentration of HI(g) as a function of time is shown below.

 

 

 
(a) Write the expression for the equilibrium constant, Kc , for the reaction. 

(b) What is [HI] at equilibrium? 
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(c) Determine the equilibrium concentrations of H2(g) and I2(g). 

(d) On the graph above, make a sketch that shows how the concentration of H2(g) changes as a function 
of time. 

(e) Calculate the value of the following equilibrium constants at 700. K. 

   (i) Kc  

  (ii) Kp  

(f) At 1,000 K, the value of Kc for the reaction is 2.6 � 10–2. In an experiment, 0.75 mole of HI(g), 
0.10 mole of H2(g), and 0.50 mole of I2(g) are placed in a 1.0 L container and allowed to reach 
equilibrium at 1,000 K. Determine whether the equilibrium concentration of HI(g) will be greater than, 
equal to, or less  than the initial concentration of HI(g). Justify your answer. 
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Answer EITHER Question 2 below OR Question 3 printed on page 9. 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. Answer the following questions that relate to chemical reactions. 

(a) Iron(III) oxide can be reduced with carbon monoxide according to the following equation. 

Fe2O3(s)  +  3 CO(g)  �  2 Fe(s)  +  3 CO2(g) 

 A 16.2 L sample of CO(g) at 1.50 atm and 200.�C is combined with 15.39 g of Fe2O3(s). 

  (i)  How many moles of CO(g) are available for the reaction? 

 (ii)  What is the limiting reactant for the reaction? Justify your answer with calculations. 

(iii)  How many moles of Fe(s) are formed in the reaction? 

(b) In a reaction vessel, 0.600 mol of Ba(NO3)2(s) and 0.300 mol of H3PO4(aq) are combined with deionized 
water to a final volume of 2.00 L. The reaction represented below occurs. 

3 Ba(NO3)2(aq)  +  2 H3PO4(aq)  �  Ba3(PO4)2(s)  +  6 HNO3(aq) 

  (i)  Calculate the mass of Ba3(PO4)2(s) formed. 

 (ii)  Calculate the pH of the resulting solution. 

(iii)  What is the concentration, in mol L–1, of the nitrate ion, NO3
– (aq), after the reaction reaches 

completion? 
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 3. In an experiment, a sample of an unknown, pure gaseous hydrocarbon was analyzed. Results showed that the 
sample contained 6.000 g of carbon and 1.344 g of hydrogen.

 

(a) Determine the empirical formula of the hydrocarbon. 

(b) The density of the hydrocarbon at 25�C and 1.09 atm is 1.96 g L–1. 

  (i)  Calculate the molar mass of the hydrocarbon. 

 (ii)  Determine the molecular formula of the hydrocarbon.
 

  In another experiment, liquid heptane, C7H16(l), is completely combusted to produce CO2(g) and H2O(l), as 
represented by the following equation. 

C7H16(l)  +  11 O2(g)  �  7 CO2(g)  +  8 H2O(l) 

The heat of combustion, DHcomb
o , for one mole of C7H16(l) is �4.85 � 103 kJ. 

(c) Using the information in the table below, calculate the value of DH f
�  for C7H16(l) in kJ mol–1.

 

Compound  DH f
�  (kJ mol– 1) 

CO2(g) –393.5 

H2O(l) –285.8 

 
(d) A 0.0108 mol sample of C7H16(l) is combusted in a bomb calorimeter. 

 (i) Calculate the amount of heat released to the calorimeter. 

 (ii) Given that the total heat capacity of the calorimeter is 9.273 kJ �C –1, calculate the temperature change 
 of the calorimeter. 
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CHEMISTRY 
Part B 

Time—50 minutes 

NO CALCULATORS MAY BE USED FOR PART B. 
 
Answer Question 4 below. The Section II score weighting for this question is 15 percent. 
 
 4. 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. 
 

 

 

(a) Hot hydrogen gas is passed over heated copper(II) oxide solid.
 

(b) Solid sodium hydride is added to water.
 

(c) Propanone is burned in air.
 

(d) A solution of lead(II) nitrate is added to a solution of potassium sulfate. 
 

(e) Ammonia gas is mixed with hydrogen chloride gas.
 

(f) Sulfur trioxide gas is bubbled into water.
 

(g) Excess concentrated potassium hydroxide solution is added to a solution of nickel(II) chloride.
 

(h) Solid sodium acetate is added to 1.0 M hydrobromic acid. 
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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 below AND Question 6 printed on page 12. Both of these questions will be graded. The 
Section II score weighting for these questions is 30 percent (15 percent each). 
 
 5. Oxalic acid, H2C2O4 , is a primary standard used to determine the concentration of potassium permanganate, 

KMnO4 , in solution. The equation for the reaction is as follows. 

  2 KMnO4(aq)  +  5 H2C2O4(aq)  +  3 H2SO4(aq)  �  2 MnSO4(aq)  +  10 CO2(g)  +  8 H2O(l)  +  K2SO4(aq) 

  A student dissolves a sample of oxalic acid in a flask with 30 mL of water and 2.00 mL of 3.00 M H2SO4 . The 
KMnO4 solution of unknown concentration is in a 25.0 mL buret. In the titration, the KMnO4 solution is added 
to the solution containing oxalic acid.

 

(a) What chemical species is being oxidized in the reaction? 

(b) What substance indicates the observable endpoint of the titration? Describe the observation that shows the 
endpoint has been reached. 

(c) What data must be collected in the titration in order to determine the molar concentration of the unknown 
KMnO4 solution? 

(d) Without doing any calculations, explain how to determine the molarity of the unknown KMnO4 solution. 

(e) How would the calculated concentration of the KMnO4 solution be affected if 40 mL of water was added to 
the oxalic acid initially instead of 30 mL? Explain your reasoning. 
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 6. Answer the following questions about electrochemistry.
 

(a) Several different electrochemical cells can be constructed using the materials shown below. Write the 
balanced net-ionic equation for the reaction that occurs in the cell that would have the greatest positive 
value of Ecell

o . 

 

(b) Calculate the standard cell potential, Ecell
o , for the reaction written in part (a). 

(c) A cell is constructed based on the reaction in part (a) above. Label the metal used for the anode on the cell 
shown in the figure below. 
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(d) Of the compounds NaOH, CuS, and NaNO3 , which one is appropriate to use in a salt bridge? Briefly 
explain your answer, and for each of the other compounds, include a reason why it is not appropriate. 

(e) Another standard cell is based on the following reaction. 

Zn  +  Pb2+  �  Zn2+  +  Pb 

 If the concentration of Zn2+ is decreased from 1.0 M to 0.25 M, what effect does this have on the cell 
potential? Justify your answer. 

 

Answer EITHER Question 7 below OR Question 8 printed on page 14. 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. 
 
 7. Account for the following observations using principles of atomic structure and/or chemical bonding. In each 

part, your answer must include specific information about both substances. 

(a) The Ca2+ and Cl– ions are isoelectronic, but their radii are not the same. Which ion has the larger radius? 
Explain. 

(b) Carbon and lead are in the same group of elements, but carbon is classified as a nonmetal and lead is 
classified as a metal. 

(c) Compounds containing Kr have been synthesized, but there are no known compounds that contain He . 

(d) The first ionization energy of Be is 900 kJ mol –1, but the first ionization energy of B is 800 kJ mol –1. 
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 8. The decay of the radioisotope I-131 was studied in a laboratory. I-131 is known to decay by beta (
-1

0e) emission. 

(a) Write a balanced nuclear equation for the decay of I-131. 

(b) What is the source of the beta particle emitted from the nucleus? 

  
The radioactivity of a sample of I-131 was measured. The data collected are plotted on the graph below. 

 

(c) Determine the half-life, t1/2 , of I-131 using the graph above. 

(d) The data can be used to show that the decay of I-131 is a first-order reaction, as indicated on the graph 
below. 

 

  (i)  Label the vertical axis of the graph above. 

 (ii)  What are the units of the rate constant, k, for the decay reaction? 

(iii)  Explain how the half-life of I-131 can be calculated using the slope of the line plotted on the graph. 

(e) Compare the value of the half-life of I-131 at 25�C to its value at 50�C. 

END OF EXAMINATION 


