Advanced Placement Chemistry: 1994 Free Response Questions
1) MgF2(s) <===> Mg2+(aq) + 2 F¯(aq) 

In a saturated solution of MgF2 at 18° C, the concentration of Mg2+ is 1.21 x 10¯3 molar. The equilibrium is represented by the equation above.

(a) Write the expression for the solubility-product constant, Ksp, and calculate its value at 18° C.

(b) Calculate the equilibrium concentration of Mg2+ in 1.000 liter of saturated MgF2 solution at 18°C to which 0.100 mole of solid KF has been added. The KF dissolves completely. Assume the volume change is negligible.

(c) Predict whether a precipitate of MgF2 will form when 100.0 milliliters of a 3.00 x 10¯3 molar Mg(NO3)2 solution is mixed with 200.0 milliliters of a 2.00 x 10¯3 molar NaF solution at 18°C. Calculations to support your prediction must be shown.

(d) At 27°C the concentration of Mg2+ in a saturated solution of MgF2 is 1.17 x 10¯3 molar. Is the dissolving of MgF2 in water an endothermic or an exothermic process? Give an explanation to support your conclusion.


2) 2 NO(g) + 2 H2(g) ---> N2(g) + 2 H2O(g) 

Experiments conducted to study the rate of the reaction represented by the equation above. Initial concentrations and rates of reaction are given in the table below.



(a) 

(i) Determine the order for each of the reactants, NO and H2, from the data given and show your reasoning.
(ii) Write the overall rate law for the reaction. 

(b) Calculate the value of the rate constant, k, for the reaction. Include units.

(c) For experiment 2, calculate the concentration of NO remaining when exactly one-half of the original amount of H2 has been consumed.

(d) The following sequence of elementary steps is a proposed mechanism for the reaction.

I. NO + NO <===> N2O2
II. N2O2 + H2 ---> H2O + N2O
III. N2O + H2 ---> N2 + H2O 

Based on the data present, which of the above is the rate-determining step? Show that the mechanism is consistent with: 

(i) the observed rate law for the reaction, and
(ii) the overall stoichiometry of the reaction. 


3) 



A student collected a sample of hydrogen gas by the displacement of water as shown by the diagram above. The relevant data are given in the following table.



(a) Calculate the number of moles of hydrogen gas collected.

(b) Calculate the number of molecules of water vapor in the sample of gas.

(c) Calculate the ratio of the average speed of the hydrogen molecules to the average speed of the water vapor molecules in the sample.

(d) Which of the two gases, H2 or H2O, deviates more from ideal behavior? 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) Excess sodium cyanide is added to a solution of silver nitrate.

(b) Solutions of manganese(II) sulfate and ammonium sulfide are mixed.

(c) Phosphorous(V) oxide powder is sprinkled over distilled water.

(d) Solid ammonium carbonate is heated.

(e) Carbon dioxide gas is bubbled through a concentrated solution of potassium hydroxide.

(f) A concentrated solution of hydrochloric acid is added to solid potassium permanganate.

(g) A small piece of sodium metal is added to distilled water.

(h) A solution of potassium dichromate is added to an acidified solution of iron(II) chloride.


5) Discuss the following phenomena in terms of the chemical and physical properties of the substances involved and general principles of chemical and physical change.


(a) As the system shown on the right approaches equilibrium, 
what change occurs to the volume of water in beaker A ?
 What happens to the concentration of the sugar solution in 
 beaker B ? Explain why these changes occur. 


(b) A bell jar connected to a vacuum pump is shown on the right. As 
the air pressure under the bell jar decreases, what behavior of water 
in the beaker will be observed? Explain why this occurs. 


(c) What will be observed on the surfaces of zinc and silver strips 
shortly after they are placed in separate solutions of CuSO4, as shown 
on the right. Account for these observations. 


(d) A water solution of I2 is shaken with an equal volume of a nonpolar solvent 
such as TTE (trichlorotrifluoroethane). Describe the appearance of this system 
after shaking. (A diagram may be helpful.) Account for this observation. 


6) 2 H2S(g) + SO2(g) <===> 3 S(s) + 2 H2O(g) 

At 298 K, the standard enthalpy change, H°, for the reaction represented above is -145 kilojoules.

(a) Predict the sign of the standard entropy change, S°, for the reaction. Explain the basis for your prediction.

(b) At 298 K, the forward reaction (i.e., toward the right) is spontaneous. What change, if any, would occur in the value of G° for this reaction as the temperature is increased? Explain your reasoning using thermodynamic principles.

(c) What change, if any, would occur in the value of the equilibrium constant, Keq, for the situation described in (b)? Explain your reasoning.

(d) The absolute temperature at which the forward reaction becomes nonspontaneous can be predicted. Write the equation that is used to make the prediction. Why does this equation predict only an approximate value for the temperature?


7) A chemical reaction occurs when 100. milliliters of 0.2000-molar HCl is added dropwise to 100. milliliters of 0.100-molar Na3PO4 solution.

(a) Write the two net ionic equations for the formation of the major species.

(b) Identify the species that acts as both a Brönsted acid and as a Brönsted base in the equations in (a). Draw the 
Lewis electron-dot diagram for this species. 

(c) Sketch a graph using the axis provided, showing the shape of the titration curve that results when 100. milliliters of the HCl solution is added slowly from a buret to the Na3PO4 solution. Account for the shape of the curve.



(d) Write the equation for the reaction that occurs if a few additional milliliters of HCl solution are added to the solution resulting from the titration in (c).


8) For each of the following, use appropriate chemical principles to explain the observation.

(a) Sodium chloride may be spread on an icy sidewalk in order to melt the ice; equimolar amounts of calcium chloride are even more effective.

(b) At room temperatue, NH3 is a gas and H2O is a liquid, even though NH3 has a molar mass of 17 grams and H2O has a molar mass of 18 grams.

(c) C (graphite) is used as a lubricant, whereas C (diamond) is used as an abrasive.

(d) Pouring vinegar onto the white reside in a kettle used for boiling water results in fizzing/bubbling phenomenon.


9) Use principle of atomic structure and/or chemical bonding to answer of each of the following.

(a) The radius of the Ca atom is 0.197 nanometer; the radius of the Ca2+ ion is 0.099 nanometer. Account for this difference.

(b) The lattice energy of CaO(s) is -3,460 kilojoules per mole; the lattice energy for K2O(s) is -2,240 kilojoules per mole. Account for this difference.




(c) Explain the difference between Ca and K in regard to:

(i) their first ionization energies.
(ii) their second ionization energies. 

(d) The first ionization energy of Mg is 738 kilojoules per mole and that of Al is 578 kilojoules per mole. Account for this difference.

