FCH 360: FALL 2010: EXAM II (1 hour)

USEFUL DATA: Ideal Gas Constant, R = 0.08206 L atm K-1 mol-1 = 8.314 J K-1 mol-1; Avogadro’s Number, NA = 6.022x1023 mol-1; 1 atm = 1.013x105 Pascals

1. In which of the following cases does the spontaneity of a reaction depend upon the temperature at which it occurs ? (Assume that the reaction takes place under conditions of fixed pressure and temperature, and that the enthalpy and entropy changes for the reaction are independent of temperature).
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2. Consider a sample of liquid water (H2O(l)) that freezes to ice (H2O(s)) at a fixed temperature and pressure of zero degrees C and 1 atmosphere. (Zero degrees C is the equilibrium freezing point for water under a pressure of 1 atmosphere). For each of the following quantities, indicate whether they are positive, negative, or zero, for this freezing process, where the quantities refer to the water that undergoes freezing: ( G, ( S, ( H, and ( A. (Recall that ice has a lower density than liquid water).                                                                                                                       (20)

3. The boiling point for octane (C8H18) is 126o C under a pressure of 1 atmosphere. The molar entropy of vaporization for octane (
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) equals 86.2 J K-1 mol-1 at the normal boiling point (126o C). Estimate the vapor pressure of octane at its flash point temperature of 13o C. You may assume that the enthalpy of vaporization is independent of temperature.                                   (25)

4. An example of a “thermite reaction” appears below:


8 Al(s) + 3 Fe3O4(s) ( 4 Al2O3(s) + 9 Fe(s)
The standard enthalpies of formation for Fe3O4(s) and Al2O3(s) are –1121 kJ/mol and –1670 kJ/mol, respectively. The melting point for iron (Fe) is 1538o C, and the latent heat of melting for iron (
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) is 13.8 kJ/mol. The heat capacities for Fe(s) and Al2O3(s) under constant pressure conditions are 25.1 J K-1 mol-1 and 79 J K-1 mol-1, respectively. 

Assume that the above reaction proceeds to completion under a pressure of 1 atmosphere, and that all the heat that is liberated goes towards heating the final products. The reactants are initially at a temperature of 25o C.

(i) Calculate 
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for the above reaction, and:                                                                       (15)

(ii) Is the heat liberated sufficient to entirely melt all the iron that is generated ?                (25)
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