Chem 1B Midterm Exam

Most questions are from Atkins & Jones, 1999
July 8, 2006

Show work.

1. The first step in the production of NO2 smog which occurs in your car’s engine at high pressure and temperature is the following reaction:  N2(g) + O2(g) ( 2NO(g).  At 1200oC the equilibrium constant for this reaction is Kc = 1.00 x 10-5. 

a. Calculate the equilibrium molar concentrations of NO, N2, and O2 at 1200oC in a 1.00 L reaction vessel that initially held 0.114 mol N2 and 0.114 mol O2.

b. Same problem as a. but now you have a 10.00 L reaction vessel that initially held 0.0140 mol N2 and 0.214 mol O2
p.338 #49
2. Assuming that ∆Horx and ∆Sorx are constant with temperature, use the data in the attached table to calculate ∆Gorx for the following reactions at 80oC.  Over what temperature range will each reaction be spontaneous?
a. Cs, graphite ( Cs, diamond
b. CaC2(s) + 2HCl(aq) ( CaCl2(aq) + C2H2(g)

      p.338 #68
3. Explain why each of the following statements is false:
a. Reactions with negative reaction free energies occur spontaneously and rapidly.

b. Every sample of a pure element, regardless of its physical state, is assigned a free energy of formation equal to zero.

c. An exothermic reaction producing more moles of gas than are consumed has a positive reaction free energy.

p.340 #75
4. Consider the vaporization of water:  H2O(l) (( H2O(g).

a. Using data from the attached table, calculate the standard free energy for the vaporization of water at 25.0oC, 100.0oC, and 150oC.

b. What should the value at 100.0oC be?

c. Why is there a discrepancy?

p.431 ex 9.14

5. One stage in the manufacture of sulfuric acid is the formation of sulfur trioxide by the reaction of SO2 with O2 in the presence of a vanadium oxide catalyst.  Predict how the equilibrium composition will tend to change when the temperature is raised.

      p.495 #101

6. Heavy water, D2O, is used in some nuclear reactors.  The auto-dissociation constant for heavy water at 25oC is Khw = 1.35 x 10-15.

a. Write a chemical equation for the auto-dissociation of D2O.
b. Evaluate pKhw at 25oC.

c. Calculate [D+] and [OD-] at 25oC.

d. Calculate pD and pOD at 25oC.

e. Find the relation between pD, pOD, and pKhw at 25oC.
p.511 

7. Say you are titrating 25.00 mL of 0.250 M NaOH(aq) with 0.340 M HCl(aq).

a. What is the pH of the solution after 5.00 mL of the acid have been added?
b. What is the pH of the solution after another 5.00 mL of the acid have been added?

c. What is the pH of the solution after a total of 18.40 mL of the acid have been added?

8. Say you are titrating 25.00 mL of 0.250 M NH3 (aq) with 0.340 M HCl(aq).

a. What is the pH of the solution after 5.00 mL of the acid have been added?

b. What is the pH of the solution after another 5.00 mL of the acid have been added?

c. What is the pH of the solution after a total of 18.40 mL of the acid have been added?

9. Extra:  Balance the following skeletal redox reactions:
a. Cu + NO3- ( Cu2+ + N2O  in acid solution
b. MnO4- + C2O42- ( MnO2 + CO32- in basic solution

p.496 #107

10. Extra:  

a. Derive the van’t Hoff equation for temperature dependence of an equilibrium constant:  ln(K2/K1) = (∆Horx/R)(1/T1 – 1/T2).

b. Estimate the enthalpy of dissociation (deprotonation) of formic acid, HCOOH, at 25oC given that Ka = 1.765 x 10-4at 20oC and 1.768 x 10-4 at 30oC.
11. Extra:  Initially a sample of ideal gas at 323 K has a volume of 2.59 L and exerts a pressure of 3.67 atm.  The gas is allowed to expand to a final volume of 8.89 L via two pathways: 
a. an isothermal, reversible expansion and

b. an isothermal, irreversible free expansion.

Calculate ∆Suniv, ∆Ssys, and ∆Ssurr for each pathway.
