Advanced Placement Chemistry: 1990 Free Response Questions
1) The solubility of iron(II) hydroxide, Fe(OH)2, is 1.43 x 10¯3 gram per liter at 25 °C.

(a) Write a balanced equation for the solubility equilibrium.

(b) Write the expression for the solubility product constant, Ksp, and calculate its value.

(c) Calculate the pH of the saturated solution of Fe(OH)2 at 25 °C.

(d) A 50.0-milliliter sample of 3.00 x 10¯3 molar FeSO4 solution is added to 50.0 milliliters of 4.00 x 10¯6 molar NaOH solution. Does a precipitate of Fe(OH)2 form? Explain and show calculations to support your answer. 

2) A mixture of H2(g), O2(g), and 2 milliliters of H2O(l) is present in 0.500-liter rigid container at 25 °C. The number of moles of H2 and the number of moles of O2 are equal. The total pressure is 1,146 millimeters of mercury. (The equilibrium vapor pressure of pure water is 24 millimeters mercury.)

The mixture is sparked, and H2 and O2 react until one reactant is completely consumed.
(a) Identify the reactant remaining and calculate the number of moles of the reactant remaining.

(b) Calculate the total pressure in the container at the conclusion of the reaction if the final temperature is 90 °C. (The equilibrium vapor pressure of water at 90 °C is 526 millimeters mercury.) 

(c) Calculate the number of moles of water present as vapor in the container at 90 °C.

3) 
	Standard Free Energies of Formation at 298 K

	Substance
	ΔG°f 298K, kJ/mol

	C2H4Cl2 (g)
	- 80.3

	C2H5Cl (g)
	- 60.5

	HCl (g)
	- 95.3

	Cl2 (g)
	0

	Average Bond Dissociation Energies at 298 K

	  Bond
	Energy kJ/mol

	C - H
	414

	C - C
	347

	C - Cl
	377

	Cl - Cl
	243

	H - Cl
	431


  
The tables above contain information for determining thermodynamic properties of the reaction below.

C2H5Cl(g) + Cl2(g) <===> C2H4Cl2 (g) + HCl(g)

(a) Calculate H° for the reaction above, using the table of average bond dissociation energies.

(b) Calculate S° for the reaction at 298 K, using data from either table as needed.

(c) Calculate the value for Keq for the reaction at 298 K.

(d) What is the effect of an increase in temperature on the value of the equilibrium constant? Explain your answer.

4)

 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) Solutions of sodium iodide and lead nitrate are mixed.

(b) A solution of ammonia is added to a solution of ferric chloride.

(c) A solution of hydrogen peroxide is heated.

(d) Solutions of silver nitrate and sodium chromate are mixed.

(e) Hydrogen sulfide gas is bubbled through a solution of potassium hydroxide.

(f) Solid dinitrogen pentoxide is added to water.

(g) A piece of solid bismuth is heated

(h) A strip of copper metal is added to a concentrated solution of sulfuric acid.

5) Use simple structure and bonding models to account for each of the following.

(a) The bond length between the two carbon atoms is shorter in C2H4 than in C2H6.

(b) The H - N - H bond angle is 107.5° in NH3.

(c) The bond lengths in SO3 are all identical and are shorter than a sulfur-oxygen single bond.

(d) The I3¯ ion is linear.

6) 


The diagram shows the first ionization energies for the elements from Li to Ne. Briefly (in one to three sentences) explain each of the following in terms of atomic structure.

(a) In general, there is an increase in the first ionization energy from Li to Ne.

(b) The first ionization energy of B is lower than that of Be.

(c) The first ionization energy of O is lower than that of N.

(d) Predict how the first ionization energy of Na compares to those of Li and of Ne. Explain.

7) Consider the following general equation for a chemical reaction.

A(g) + B(g) ---> C(g) + D(g)

(a) Describe the two factors that determine whether a collision between molecules of A and B results in a reaction.

(b) How would a decrease in temperature affect the rate of the reaction shown above? Explain your answer. 

(c) Write the rate law expression that would result if the reaction proceeded by the mechanism shown below.

A + B <===> [AB] (fast)
[AB] + B ---> C + D (slow) 

(d) Explain why a catalyst increases the rate of a reaction but does not change the value of the equilibrium constant for that reaction.

8) Give a brief explanation for each of the following.

(a) For the diprotic acid H2S, the first dissociation constant is larger than the second dissociation constant by about 105 (K1 = 105 K2).

(b) In water, NaOH is a base, but HOCl is an acid.

(c) HCl and HI are equally strong acids in water but, in pure acetic acid, HI is a stronger acid than HCl.

(d) When each is dissolved in water, HCl is a much stronger acid than HF.

9) An experiment is performed to determine the empirical formula of a copper iodide formed by direct combination of elements. A clean strip of copper metal is weighed accurately. It is suspended in a test tube containing iodine vapor generated by heating solid iodine, A white compound forms on the strip of copper, coating it uniformly. The strip with the adhering compound is weighed. Finally, the compound is washed completely from the surface of the metal and the clean strip is dried and reweighed.

	PRIVATE
DATA TABLE 

	Mass of clean copper strip 
	1.2789 grams 

	Mass of copper strip and compound 
	1.2874 grams 

	Mass of copper strip after washing 
	1.2748 grams 


(a) State how you would use the data above to determine each of the following. (Calculations not required.)

(1) The number of moles of iodine that reacted
(2) The number of moles of copper that reacted 

(b) Explain how you would determine the empirical formula for the copper iodide.

(c) Explain how each of the following would affect the empirical formula that could be calculated.

(1) Some unreacted iodine condensed on the strip.
(2) A small amount of the white compound flaked off before weighing.

