Problem Set 2

(Solutions to this problem set need NOT be turned in for credit; these are intended as examples/sample problems )

1. A sample of 5.5 g of methane initially occupies 14 L at 310 K. (i) Calculate the work done when the gas expands isothermally against a constant external pressure of 0.25 atm until its volume has increased by 3.3 L. (ii) Calculate the work that would have been done had the same expansion been performed reversibly (and isothermally). 

2. Consider a system consisting of 3 moles of oxygen (O2) at 25o C confined within a cylinder of cross sectional area 25 cm2 at 800 kPa. The gas expands adiabatically and irreversibly against a constant external pressure of 110 kPa. Assume oxygen to be an ideal gas. Calculate w, q, ( U, ( H, and ( T when the piston has moved through a distance of 20 cm. 

3. From the following data, calculate the standard enthalpy of formation of diborane, B2H6(g), at 298 K:

B2H6(g) + 3 O2(g) ( B2O3(s) + 3 H2O(g)     ( Hrxn = -1941 kJ mol-1

2 B(s) + 3/2 O2(g) ( B2O3(s)        ( Hrxn = -2368 kJ mol-1 

H2(g)  +  ½ O2(g)    ( H2O(g)       ( Hrxn = -242 kJ mol-1 

4. Consider the formation of diamond from amorphous carbon (graphite) at a pressure of 500 kbar (1 bar = 105 Pascal). The densities of diamond and graphite are, respectively, 3.52 g cm-3 and 2.27 g cm-3. By how much does ( U differ from ( H for the transition between graphite ( diamond under these conditions ?

5. 1 mole of an ideal gas expands adiabatically from a volume of V = 10 L and a temperature of 400 K to a volume of 20 L. Assume that Cv,m = 5 R/2 and Cp,m = 7 R/2. 

   (a)- Find the final temperature if the expansion is reversible.

   (b)- Find the final temperature if the expansion is performed at constant external pressure of 1 

atmosphere. 

   (c)- Find the final temperature if the gas expands into a vacuum. 

   (d)- Find (U and (w for each of the processes in (a) to (c) above.

6. Evaluate (H if 1 mole of supercooled liquid water at -100 C freezes irreversibly at a constant pressure of 1 atm to ice at -100 C. The molar heat capacities of liquid water and of ice are 76 J K-1 mol-1 and 37 J K-1 mol-1 , and the latent heat of fusion for ice at 00 C is 333 J gm-1.

7. Evaluate (H for the formation of methane (CH4) from its elements, given that the heats of combustion of C(graphite), H2(g), and CH4(g) are -393.5, -285.8, and -890.4 kJ mol-1, respectively. 
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