PHYSICAL CHEMISTRY 158B: Unit 2 mid-term exam SPRING 2009
This exam will last approximately 1 hour. Answer all the questions. 
Useful constants: kB = 1.380658 ( 10-23 J K-1, h = 6.626 ( 10-34 J s, c =  2.998 ( 108 m s-1, NA = 6.0221367 ( 1023 mol-1, 
R = 8.314510 J K-1 mol-1 = 0.0820578 dm3 atm K-1 mol-1, 1 cm-1 = 1.986447 ( 10-23 J. 
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1. Distinguish between a reversible and an irreversible process. A one-mole sample of CO2 (g) occupies 2.00 dm3 at a temperature of 300 K. If the gas is compressed isothermally at a constant external pressure, Pext, so that the final volume is 0.750 dm3, calculate the smallest value Pext can have, assuming that CO2 (g) satisfies the van der Waals equation of state under these conditions. Calculate the work involved using this value of Pext. What is the work done if the process is carried out reversibly?

For CO2, a = 3.6551 dm6 bar mol-2, b = 0.042816 dm3 mol-1.
2. (a) By considering the translational energy levels, obtain an expression for (i) the translational partition function, (ii) the molar internal energy, (iii) the molar heat capacity.
(b) A molecular interpretation of work provides a relationship between pressure and the system partition function. 
This expression is 
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The partition function for a monoatomic van der Waals gas is: 
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where a and b are the van der Waals constants. Derive the van der Waals equation of state.
3. (a) Starting with dA = -SdT – PdV, obtain the two partial derivatives showing how A varies with T and how A varies with V. Obtain the relevant Maxwell relation. The result will show how entropy changes with volume. Finally use the van der Waals equation of state to obtain an expression for how entropy changes with volume. 
(b) The surface tension (() of a liquid can be defined as the Gibbs energy (G) per surface area (A), or
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. Furthermore dG = (dA – SdT.  Obtain the Maxwell relation describing how the partial derivative of the entropy per unit area is related to changes in surface tension.
4. By using the Maxwell relation 
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 to determine how entropy varies with pressure, we derived the expression for the entropy of the hypothetical ideal gas at 1 bar: 
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. This equation represents the entropy of the standard state and is used to obtain the nonideality correction to the entropy. Experimentally determined entropies are commonly adjusted for nonideality by using an equation of state called the modified Berthelot equation: 
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Show that this equation leads to the correction 
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From the last unit: 
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