Advanced Placement Chemistry: 1988 Free Response Questions

1) At elevated temperatures, SbCl5 gas decomposes into SbCl3 gas and Cl2 gas, as shown by the following equation.

SbCl5 <===> SbCl3 + Cl2
a) An 89.7-gram sample of SbCl5 (molecular weight 299.0) is placed in an evacuated 15.0-liter container at 182 °C.

(1) What is the concentration in moles per liter of SbCl5 in the container before any decomposition occurs?
(2) What is the pressure in atmospheres of SbCl5 in the container before any decomposition occurs? 

b) If the SbCl5 is 29.2 percent decomposes when equilibrium is established at 182 °C, calculate the value for either equilibrium constant, Kp or Kc, for this decomposition reaction. Indicate whether you are calculating Kp or Kc. 

c) In order to produce some SbCl5, a 1.00-mole sample of SbCl3 is first placed in an empty 2.00-liter container maintained at a temperature different from 182 °C. At this temperature Kc equals 0.117. How many moles of Cl2 must be added to this container to reduce the number of moles of SbCl3 to 0.700 mole at equilibrium?


2) 

PRIVATE
Substance 
Enthalpy of Combustion
H° Kilojoules/mole 
Absolute Entropy, S°
Joules/mole-K 

C(s) 
- 393.5 
5.740 

H2(g) 
- 285.8 
130.6 

C2H5OH(l) 
- 1366.7 
160.7 

H2O(l) 
------------ 
69.91 

(a) Write a separate, balanced chemical equation for the combustion of each of the following: C(s), H2(g), and C2H5OH(l). Consider the only products to be CO2(g) and/or H2O(l).

(b) In principle, ethanol can be prepared by the following reaction.

2 C(s) + 2 H2(g) + H2O(l) --> C2H5OH(l)

Calculate the standard enthalpy change, H°, for the preparation of ethanol, as shown in the reaction above.

(c) Calculate the standard entropy change, S°, for the reaction given in part (b)

(d) Calculate the value of the equilibrium constant at 25 °C for the reaction represented by the equation in part (b).


3) An electrochemical cell consists of a tin electrode in an acidic solution of 1.00-molar Sn2+ connected by a salt bridge to a second compartment with a silver electrode in an acidic solution of 1.00-molar Ag+.

(a) Write the equation for the half-cell reaction occurring at each electrode. Indicate which half-reaction occurs at the anode.

(b) Write the balanced chemical equation for the overall spontaneous cell reaction that occurs when the circuit is complete. Calculate the standard voltage, E°, for this cell reaction.

(c) Calculate the equilibrium constant for this cell reaction at 298 K.

(d) A cell similar to the one described above is constructed with solutions that have initial concentrations of 1.00-molar Sn2+ and 0.0200-molar Ag+. Calculate the initial voltage, E, of this cell.


4) Use appropriate ionic and molecular formulas to show the reactants and the products for the following, each of which occurs in aqueous solution except as indicated. Omit formulas for any ionic or molecular species that remain unchanged after the reaction. You need not balance. In all cases a reaction occurs.

(a) A solution of potassium iodide is added to an acidified solution of potassium dichromate.

(b) A solution of sodium hydroxide is added to a solution of ammonium chloride.

(c) A strip of magnesium is added to a solution of silver nitrate.

(d) Solid potassium chlorate is heated in the presence of manganese dioxide as a catalyst.

(e) Dilute hydrochloric acid is added to a solution of potassium carbonate.

(f) Sulfur trioxide gas is added to excess water.

(g) Dilute sulfuric acid is added to a solution of barium chloride.

(h) A concentrated solution of ammonia is added to a solution of copper(II) chloride.


5) Using principles of chemical bonding and/or intermolecular forces, explain each of the following.

(a) Xenon has a higher boiling point than neon has.

(b) Solid copper is an excellent conductor of electricity, but solid copper chloride is not.

(c) SiO2 melts at a very high temperature, while CO2 is a gas at room temperature, event though Si and C are in the same chemical family.

(d) Molecules of NF3 are polar, but those of BF3 are not.


6) NH4HS(s) <===> NH3(g) + H2S(g) 

For this reaction, H° = + 93 kilojoules

The equilibrium above is established by placing solid NH4HS in an evacuated container at 25 °C. At equilibrium, some solid NH4HS remains in the container. Predict and explain each of the following.

(a) The effect on the equilibrium partial pressure of NH3 gas when additional solid NH4HS is introduced into the container.

(b) The effect on the equilibrium partial pressure of NH3 gas when additional H2S gas is introduced into the container.

(c) The effect on the mass of solid NH4HS present when the volume of the container is decreased.

(d) The effect on the mass of solid NH4HS present when the temperature is increased.


7) 



A 30.00-milliliter sample of a weak monoprotic acid was titrated with a standardized solution of NaOH. A pH meter was used to measure the pH after each increment of NaOH was added, and the curve above was constructed.

(a) Explain how this curve could be used to determine the molarity of the acid.

(b) Explain how this curve could be used to determine the acid dissociation constant Ka of the weak monoprotic acid.

(c) If you were to repeat the titration using an indicator in the acid to signal the endpoint, which of the following indicators should you select. Give the reason for your choice.

PRIVATE
Methyl red 
Ka = 1 x 10¯5 

Cresol red 
Ka = 1 x 10¯8 

Alizarin yellow 
Ka = 1 x 10¯11 

(d) Sketch the titration curve that would result if the weak monoprotic acid were replaced by a strong monoprotic acid, such as HCl of the same molarity. Identify differences between this titration curve and the curve shown above.


8) The normal boiling and freezing points of argon are 87.3 K and 84.0 K, respectively. The triple point is at 82.7 K and 0.68 atmosphere.

(a) Use the data above to draw a phase diagram for argon. Label the axes and label the regions in which the solid, liquid, and gas phases are stable. On the phase diagram, show the position of the normal boiling point.

(b) Describe any changes that can be observed in a sample of solid argon when the temperature is increases from 40 K to 160 K at a constant pressure of 0.50 atmosphere.

(c) Describe any changes that can be observed in a sample of liquid argon the pressure is reduced from 10 atmospheres to 1 atmosphere at a constant temperature of 100 K, which is well below the critical temperature.

(d) Does the liquid phase of argon have a density greater than, equal to, or less than the density of the solid phase? Explain your answer, using information given in the introduction to this question.


9) An experiment is to be performed to determine the standard molar enthalpy of neutralization of a strong acid by a strong base. Standard school laboratory equipment and a supply of standardized 1.00-molar HCl and standardized 1.00-molar NaOH are available.

(a) What equipment would be needed?

(b) What measurements should be taken?

(c) Without performing calculations, describe how the resulting data should be used to obtain the standard molar enthalpy of neutralization.

(d) When a class of students performed this experiment, the average of the result was -55.0 kilojoules per mole. The accepted value for the standard molar enthalpy of neutralization of a strong acid by a strong base is -57.7 kilojoules per mole. Propose two likely sources of experimental error that could account for the result obtained by the class.

