FCH 360: Fall, 2010

FINAL EXAMINATION

TIME: 2 hours

Attempt ANY FIVE of the problems

USEFUL DATA: Ideal gas constant, R = 8.314 J/mole-K = 0.08206 L atm/mole-K;

Avogadro’s Number NA = 6.022 x 1023 /mole; 1 atm = 1.013 x 105 Pascals.

Atomic weights: C = 12 gm/mol,  H = 1 gm/mol,  Fe = 56 gm/mol,  Na = 23 gm/mol,  S = 32 gm/mol,  O = 16 gm/mol,  N = 14 gm/mol

Assume that all vapors and gases obey the ideal gas equation of state, unless specified otherwise.
1. Consider the hydrocarbons butane (C4H10) and pentane (C5H12). Assume that the fluid (vapor and liquid) phases for both of these substances are described by equations of state with the same mathematical structure/same form (e.g., the Van der Waals equation of state), and that differ only in the values of a pair of substance-specific parameters that have different values for butane and for pentane. The critical pressure, molar volume, and temperature for butane are 3.8 x 106 Pa, 255 cm3/mole, and 425.1 K, respectively. The critical pressure for pentane is 3.37 x 106 Pa. Assume that the densities (in units of gm/cm3) of butane and pentane are equal at their respective critical points. Based upon the above information and assumption, estimate the critical temperature of pentane. (By way of comparison, the experimentally measured critical temperature for pentane is 469.7 K).                                                                                                                                    (20)

2. To a good approximation, a fully formed hurricane/typhoon/cyclonic storm can be thought of as being a reversible Carnot engine that absorbs heat from the ocean surface (at, say, T = 30o C) and loses heat to the upper atmosphere (at, say, T = -50o C). Assume that a hurricane absorbs enough heat from the ocean surface to uniformly reduce the temperature of a body of water measuring 100 km (width) by 1000 km (length) by 10 m (depth) by 0.2o C. The heat capacity and density of water are 75.3 J K-1 mol-1 and 1.0 gm cm-3, respectively. Estimate the amount of mechanical work this hurricane performs, under the assumption that the efficiency equals that of a reversible Carnot engine. (By way of comparison, the total annual consumption of electrical energy in the United States was estimated to have been approximately 1.39 x 1019 J in 2008.)                                (20)

3. The vapor pressure of solid iron (Fe(s)) has been measured to be 0.33 Pa at T = 1723 K, and 0.16 Pa at T = 1673 K. From these data, estimate the minimum size that a room containing a bar of solid iron must be in order for there to be, on average, at least one atom of iron in the vapor phase in the room at T = 298 K.                                             (20)

4. Calculate: (i) the freezing point, and: (ii) the osmotic pressure at T = 298 K, of a solution prepared by dissolving 2 gm of Na2SO4(s) in 1 kg of water. Assume that the Na2SO4 undergoes complete dissociation into Na+ and SO4-2 ions upon dissolution, and that Na2SO4(s) is completely absent from the ice (solid phase) that crystallizes at the freezing point. The molar enthalpy of fusion for H2O is 6.01 kJ mol-1. The density and normal melting point for pure H2O(l) are 1 gm cm-3 and 273 K, respectively.                (20)

5. Benzene (C6H6) and toluene (C7H8) form an ideal mixture in the liquid phase. The vapor pressures of pure benzene and pure toluene are 1.26 x 104 Pa and 3.87 x 103 Pa, respectively, at T = 298 K. A solution is prepared by combining 391 gm of benzene with 200 gm of toluene at T = 298 K. Calculate (i) the total vapor pressure above the solution, and (ii) the mole fraction of benzene in the vapor phase. Assume that both benzene and toluene vapors may be treated as ideal gases.                                                                 (20)

6. Consider the gas phase reaction: N2(g) + O2(g) ( 2 NO(g). The standard Gibbs free energy of formation for NO(g), denoted 
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, is + 86.55 kJ/mol at 298 K.

(i) Calculate the equilibrium constant for this reaction at T = 298 K, and:   (5)
(ii) Consider a situation in which there are 4 moles of N2(g) and 1 mole of O2(g) present initially, with no NO(g) at all initially. The reaction is allowed to reach equilibrium under conditions of fixed temperature (T = 298 K) and total pressure  (1 atmosphere). Calculate the fraction of the O2(g) that was present initially that undergoes conversion to NO(g) when equilibrium has been established.                                                                                      (15)
(Possibly useful result: the two roots of the quadratic equation: 
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