Chem II AP MYE Part II Review
To receive full credit, you must use the Problem Solving Strategy Steps and include all appropriate chemical equations.

1) Sulfuryl chloride, SO2Cl2, decomposes as shown below.
    SO2Cl2(g) ↔ SO2(g) + Cl2(g)
    This decomposition is endothermic.  A sample of 3.509 g of SO2Cl2 is placed        in an evacuated 1.00 L flask and the temperature is raised to 375 K.

    (a) What would be the pressure in atm in the flask if no decomposition of

         the SO2Cl2 occurred?  Ans. 0.800 atm
    (b) When the system has come to equilibrium at 375 K, the total pressure in

         the flask is found to be 1.43 atm.  Calculate the partial pressures of SO2,

         Cl2, and SO2Cl2 at equilibrium at 375 K.  Ans. P(SO2) = P(Cl2) = 0.63 atm,          P(SO2Cl2) = 0.17 atm  
    (c) Give the expression for the equilibrium constant, Kp, for the decomposition          of SO2Cl2 at 375 K.  Calculate the value for Kp.  Ans. 2.3
    (d) If the temperature were raised to 500 K, what effect would this have on the
         equilibrium constant?  Justify your answer.  Ans. Increases  
2) In a saturated solution of MgF2 at 18°C, the concentration of Mg2+ is

    1.21 x 10-3 M.  The equilibrium is shown below.

MgF2(s) ↔ Mg2+(aq) + 2F-(aq)

    (a) Write the expression for Ksp and calculate its value at 18°C.
         Ans. 7.09 x 10-9
    (b) Calculate the equilibrium concentration of Mg2+ in 1.00 L of saturated MgF2
         at 18°C to which 0.100 mol of KF has been added.  The KF dissolves

         completely and the change in volume is negligible.  Ans. 7.09 x 10-7 M
    (c) Predict whether a precipitate of MgF2 will form when 100.0 mL of a

         3.00 x 10-3 M Mg(NO3)2 solution is mixed with 200.0 mL of a

         2.00 x 10-3 M NaF solution at 18°C.  Calculations to support your prediction

         must be shown.  Ans. P = 1.77 x 10-9, therefore no precipitate forms.
    (d) At 27°C, the concentration of Mg2+ in a saturated solution of MgF2 is

         1.17 x 10-3 M.  Is the dissolving of MgF2 in water an endothermic or

         exothermic process?  Give an explanation to support your conclusion.
         Ans. Exothermic
3) A rigid container holds a mixture of graphite pellets (C(s)), H2O(g), CO(g), and

    H2(g) at equilibrium as shown below.
C(s) + H2O(g) ↔ CO(g) + H2(g)          ΔH° = 131 kJ

    State whether the number of moles of CO(g) in the container will increase,

    decrease, or remain the same after each of the following disturbances is

    applied to the original mixture.  For each case, assume that all other variables

    remain constant except for the given disturbance.  Justify each answer.

    (a) Additional H2(g) is added to the equilibrium mixture at constant volume.            Ans.  Decrease
    (b) The temperature of the equilibrium mixture is increased at constant            volume.  Ans.  Increase 
    (c) The volume of the container is decreased at constant temperature.

         Ans. Decrease

    (d) The graphite pellets are pulverized.  Ans. Remain the same.

4) The following data about the reaction below were collected from three

    experiments.
2A + 2B  ↔ C + D
	Experiment
	[A]

(M)
	[B]

(M)
	Initial Rate Of Formation Of C

(mol∙L-1∙min-1)

	1
	0.60
	0.15
	6.3 x 10-3

	2
	0.20
	0.60
	2.8 x 10-3

	3
	0.20
	0.15
	7.0 x 10-4


    (a) What is the rate equation for the reaction?  Ans. Rate = k[A]2[B]  

    (b) What is the value of the rate constant?  What are the units?

         Ans. k = 0.12 L2∙mol-2∙min-1
    (c) Propose a reaction mechanism for this reaction.

         Ans.

         A + A → A2                 (fast)
         A2 + B → C + Q          (slow)
         Q + B → D                  (fast)
5) In the reaction below, the forward reaction is first order in both PCl3 and Cl2       and the reverse reaction is first order in PCl5.
PCl3(g) + Cl2(g) ↔ PCl5(g)

    (a) Suppose that 2 moles of PCl3 and 1 mole of Cl2 are mixed in a closed

         container at constant temperature.  Draw a graph showing how the

         concentrations of PCl3, Cl2, and PCl5 change with time until after

         equilibrium has been established.
    (b) Give the initial rate law for the forward reaction.  Ans. Rate = k[PCl3][Cl2]

    (c) Provide a molecular explanation for the dependence of the rate of the

         forward reaction on the concentrations of the reactants.

         Ans. Discuss the importance of effective collisions.

    (d) Provide a molecular explanation for the dependence of the rate of the

         forward reaction on temperature.

        Ans. Discuss the fraction of colliding molecules.

6) The following data about the reaction below were collected from three

    experiments.

2ClO2(g) + F2(g)  ↔ 2ClO2F(g)

	Experiment
	Initial [ClO2]

(M)
	Initial [F2]

(M)
	Initial Rate Of Increase Of [ClO2F]
(mol∙L-1∙s-1)

	1
	0.010
	0.10
	2.4 x 10-3

	2
	0.010
	0.40
	9.6 x 10-3

	3
	0.020
	0.20
	9.6 x 10-3


    (a) Write the rate law expression for the reaction.  Ans. Rate = k[ClO2][F2]
    (b) Calculate the value of the rate constant and specify the units.
         Ans. k = 2.4 L∙mol-1∙s-1
    (c) For Experiment 2, what is the initial rate of decrease of [F2]?
         Ans. 4.8 x 10-3 mol∙L-1∙s-1
    (d) Which of the following reaction mechanisms is consistent with the rate law

         developed in (a).  Justify your answer.  Ans. Mechanism I
         Mechanism I
                                      ClO2 + F2 ↔ ClO2F2          (fast)
                                      ClO2F2 → ClO2F + F         (slow)
                                      ClO2 + F → ClO2F             (fast)

Mechanism II
                                      F2 → 2F                             (slow)
                                     2(ClO2 + F → ClO2F)          (fast)
   7) (a) Calculate the molality of a 20.0% by mass aqueous solution of NH4Cl.
             Ans. 4.67 molal.
       (b) If this NH4Cl solution is assumed to be ideal and is completely              dissociated into ions, calculate the pressure of the solution at 29.0°C.

            Ans. 25.7 mm Hg
       (c) Actually a solution of NH4Cl of this concentration is not ideal.  Calculate 

            the apparent degree of dissociation of the NH4Cl if the freezing point of 

            the solution is -15.3°C?  Ans. 76%
   8) (a) A solution containing 3.23 g of an unknown compound dissolved in 

            100.0  g of water freezes at -0.97°C and does not conduct electricity.
            Calculate the molar mass of the compound.  Ans. 62 g/mol
       (b) Elemental analysis of this unknown compound yields the following

            percentages by mass:  H = 9.74%, C = 38.70%, O = 51.56%.  Determine

            the molecular formula for the compound.  Ans. C2H6O2
       (c) Complete combustion of a 1.05 g sample of the compound with the

            stoichiometric amount of oxygen gas produces a mixture of H2O(g) and

            CO2(g).  What is the pressure of this gas mixture when it is contained in a

            3.00 L flask at 127°C?  Ans. 0.926 atm
   9) Concentrated sulfuric acid which is 18.4 M has a density of 1.84 g/mL.  After

       dilution with water to 5.20 M, the solution has a density of 1.38 g/mL and can

       be used as an electrolyte in lead storage batteries for cars.

       (a) Calculate the volume of concentrated acid required to prepare 1.00 L of

             5.20 M H2SO4.  Ans. 0.283 L

       (b) Determine the mass percent of H2SO4 in the original concentrated              solution.  Ans. 98.04%      

       (c) What is the molality of the 5.20 M H2SO4?  Ans. 5.98 molal

10) Methylamine, CH3NH2, is a weak base that ionizes in solution as shown

      below.

CH3NH2(aq) + H2O(l) ↔ CH3NH3+(aq) + OH-(aq)

      (a) At 25°C, the percent ionization in a 0.160 M solution of CH3NH2 is 4.7%.

           Calculate [OH-], [CH3NH3+], [CH3NH2], [H3O+], and the pH of a 0.160 M

           solution of CH3NH2 at 25°C.

           Ans. [OH-] = [CH3NH3+] = 7.5 x 10-3 M, [CH3NH2] = 1.5 x 10-1 M,

           [H3O+] = 1.3 x 10-12 M, pH = 11.89

      (b) Calculate the value for Kb.  Ans. 3.7 x 10-4
      (c) If 0.050 mole of lanthanum nitrate is added to 1.00 L of a solution

           containing 0.20 mole of CH3NH2 and 0.20 mol of its salt, CH3NH3Cl at

           25°C, and the solution is stirred until equilibrium is attained, will any

           La(OH)3 precipitate?  Show the calculations that justify your answer.

           Ksp(La(OH)3) = 1 x 10-19  Ans. P = 2.5 x 10-12, therefore La(OH)3            precipitates. 
11) Sodium benzoate, C6H5COONa, is the salt of the weak acid, benzoic acid,
      C6H5COOH.  A 0.10 M solution of sodium benzoate has a pH of 8.60 at 25°C.
      (a) Calculate the [OH-] in the sodium benzoate solution described above. 
           Ans. [OH-] = 4.0 x 10-6 M
      (b) Calculate the value for the equilibrium constant for the reaction
           C6H5COO-(aq) + H2O(l) ↔ C6H5COOH(aq) + OH-(aq)       Ans. 1.6 x 10-10
      (c) Calculate the value of Ka for benzoic acid.  Ans. 6.2 x 10-5
      (d) A saturated solution of benzoic acid is prepared by adding excess solid

           benzoic acid to pure water at room temperature.  Since this saturated

           solution has a pH of 2.88, calculate the molar solubility of benzoic acid at

           room temperature.  Ans. 2.8 x 10-2 M
12) Give a brief explanation for each of the following.
      (a) For the diprotic acid, H2S, the first ionization constant is larger than the

           second ionization constant by 105.  (K1 = 105K2)

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

      (c) HCl and HI are almost equally strong 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.
