Problem Set 2.1

1. A sample of 1 mole of H2O(g) is condensed isothermally and reversibly to liquid water at 100o C and 1 atm. The standard enthalpy of vaporization of water at 100o C is 40.66 kJ mol-1. Find w, q, (U, and (H for this process (condensation). 

2. A sample of 65 g of xenon is initially confined in a container at 2.5 atm and 298 K, and then allowed to expand adiabatically: (i) reversibly to a final pressure of 1 atm, and: (ii) against a fixed external pressure of 1 atm. Calculate the final temperature in each case, assuming that xenon is an ideal gas with Cv,m = 3 R/2. (In case (ii), assume that the expansion ceases when the pressure of the gas becomes equal to the applied external pressure of 1 atm).

3. Table sugar consists of the disaccharide sucrose, molecular formula C12H22O11. (i) Calculate the energy released as heat when a typical sugar cube of mass 1 g is burned in air. (ii) To what height could you climb on the energy released by complete combustion of such a sugar cube, assuming that 20 % of the energy released is available for muscular work ? (The standard enthalpy for combustion for sucrose is –5645 kJ mol-1).

4. Consider the following reaction:


6 CH4(g) (methane)  ( C6H6(g) (benzene) + 9 H2(g).

(The benzene molecule has 6 carbon atoms in a planar ring, and each carbon atom is bonded to 2 other carbon atoms and 1 hydrogen atom).

(a)- Given that the heats of combustion, (Hc(0), for methane, benzene, and hydrogen gas are –890, -3300, and –286 kJ/mol, respectively, estimate the standard enthalpy change for the above reaction. (In this context, “combustion” = complete reaction with oxygen to yield carbon dioxide and water as the sole products). 







(b)- From the standard reaction enthalpy you found in Part (a), estimate the standard energy change (U(0) for this reaction. (Standard conditions are P = 105 Pascals and T = 298 K). Assume ideal behavior for all gases.
(c)- Assume that the energy of this reaction, (U(0), is purely due to the making and breaking of chemical bonds. Given that the energies to BREAK any of the C-H bonds in the problem is 418 kJ/mol, and that to break H-H bonds is 436 kJ/mol, estimate the strength of the C-C bond in benzene. (Treat ALL the 6 C-C bonds in benzene as being equivalent).
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