Advanced Placement Chemistry: 1992 Free Response Questions

1) 2 NaHCO3(s) <===> Na2CO3(s) + H2O(g) + CO2(g) 

Solid sodium hydrogen carbonate, NaHCO3, decomposes on heating according to the equation above.

(a) A sample of 100. grams of solid NaHCO3 was placed in a previously evacuated rigid 5.00-liter container and heated to 160. °C. Some of the original solid remained and the total pressure in the container was 7.76 atmospheres when equilibrium was reached. Calculate the number of moles of H2O(g) present at equilibrium.

(b) How many grams of the original solid remained in the container under the conditions described in (a)?

(c) Write the equilibrium expression for the equilibrium constant, Kp, and calculate its value for the reaction under the conditions in (a)

(d) If 110. grams of solid NaHCO3 had been placed in the 5.00-liter container and heated to 160 °C, what would the total pressure have been at equilibrium? Explain.


2) An unknown metal M forms a soluble compound M(NO3)2.

(a) A solution of M(NO3)2 is electrolyzed. When a constant current of 2.50 amperes is applied for 35.0 minutes, 3.06 grams of the metal M is deposited. Calculate the molar mass of M and identify the metal.

(b) The metal identified in (a) is used with zinc to construct a galvanic cell, as shown below. Write the net ionic equation for the cell reaction and calculate the cell potential, E°.



(c) Calculate the value of the standard free energy change, G°, at 25 °C for the reaction in (b)

(d) Calculate the potential, E, for the cell shown in (b) if the initial concentration of ZnSO4 is 0.10-molar, but the concentration of the M(NO3)2 solution remains unchanged.


3) Cl2(g) + 3 F2(g) ---> 2 ClF3(g) 

ClF3 can be prepared by the reaction represented by the equation above. For ClF3 the standard enthalpy of formation, H°f, is - 163.2 kilojoules/mole and the standard free energy of formation, G°f, is - 123.0 kilojoules/mole.

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

(b) Calculate the standard entropy change, S°, for the reaction at 298 K.

(c) If ClF3 were produced as a liquid rather than as a gas, how would the sign and magnitude of S for the reaction be affected? Explain.

(d) at 298 K the absolute entropies of Cl2(g) and ClF3(g) are 222.96 joules per mole-Kelvin and 281.50 joules per mole-Kelvin, respectively.

(i) Account for the larger entropy of ClF3(g) relative to that of Cl2(g).
(ii) Calculate the value of the absolute entropy of F2(g) at 298 K. 


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) An excess of sodium hydroxide solution is added to a solution of magnesium nitrate.

(b) Solid lithium hydride is added to water.

(c) Solutions of ammonia and hydrofluoric acid are mixed.

(d) A piece of aluminum metal is added to a solution of silver nitrate.

(e) A solution of potassium iodide is electrolyzed.

(f) Solid potassium oxide is added to water.

(g) An excess of nitric acid solution is added to a solution of tetraaminecopper(II) sulfate.

(h) Carbon dioxide gas is bubbled through water containing a suspension of calcium carbonate.


5) H2(g) + I2(g) ---> 2 HI(g) 

For the exothermic reaction represented above, carried out at 298 K, the rate law is as follows.

Rate = k [H2] [I2] 

Predict the effect of each of the following changes on the initial rate of the reaction and explain your prediction.

(a) Addition of hydrogen gas at constant temperature and volume.

(b) Increase in volume of the reaction vessel at constant temperature.

(c) Addition of a catalyst. In your explanation, include a diagram of potential energy versus reaction coordinate.

(d) Increase in temperature. In your explanation, include a diagram showing the number of molecules as a function of energy.


6) The equations and constants for the dissociation of three different acids are given below.

PRIVATE
HCO3¯ <===> H+ + CO32¯ 
Ka = 4.2 x 10¯7 

H2PO4¯ <===> H+ + HPO42¯ 
Ka = 6.2 x 10¯8 

HSO4¯ <===> H+ + SO42¯ 
Ka = 1.3 x 10¯2 

(a) From the systems above, identify the conjugate pair that is best for preparing a buffer with a pH of 7.2.

(b) Explain briefly how you would prepare the buffer solution described in (a) with the conjugate pair you have chosen.

(c) If the concentrations of both the acid and the conjugate base you have chosen were doubled, how would the pH be affected? Explain how the capacity of the buffer is affected by this change in concentrations of acid and base.

(d) Explain briefly how you would prepare the buffer solution in (a) if you had available the solid salt of only one member of the conjugate pair and solutions of a strong acid and a strong base.


7) Four bottles, each containing about 5 grams of finely powdered white substance, are found in a laboratory. Near the bottles are four labels specifying high purity and indicating that the substances are glucose (C6H12O6), sodium chloride (NaCl), aluminum oxide (Al2O3), and zinc sulfate (ZnSO4).

Assume that these labels belong to the bottles and that each bottle contains a single substance. Describe the tests you would conduct to determine which label belongs to which bottle. Give the results you would expect for each test.


\

8) Explain each of the following in terms of atomic and molecular structures and/or intermolecular forces.

(a) Solid K conducts an electric current, whereas solid KNO3 does not.

(b) SbCl3 has a measurable dipole moment, whereas SbCl5 does not.

(c) The normal boiling point of CCl4 is 77 °C, whereas that of CBr4 is 190 °C.

(d) NaI(s) is very soluble in water whereas I2(s) has a solubility of only 0.03 gram per 100 grams of water.


9) 

PRIVATE
NO2 
NO2¯ 
NO2+ 

Nitrogen is the central atom in each of the species given above.

(a) Draw the Lewis electron-dot structure for each of the three species.

(b) List the species in order of increasing bond angle. Justify your answer.

(c) Select one of the species and give the hybridization of the nitrogen atom in it.

(d) Identify the only one of the species that dimerizes and explain what causes it to do so.

