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1. Explain the following terms: (20%)

(a) Ideal gas law

(b) Mathematical statement of the second law of thermodynamics
(c) Ideal solution

(d) Boyle temperature

2. Considering a van der Waals gas [P+a/(Vu?)]|(Vm-b) = RT,
(a) derive the slope of compression factor (Z = PVw/(RT)) as a function of P as P
— 0. » :
(b) At what temperature does the slope of the Z versus P curve as P — 0 have its
maximum value? |

(c) What is the value of the maximum slope?

(d) If the temperature is extremely high, what is the value of the slope? (20%)

3. One mole of an ideal gas expands isothermally and reversibly from 90 to 300 L at
300K. (a) Calculate g, w, AU, AH and AS for this system. (b) If the expansion is
carried out irreversibly by allowing the gas to expand into an evacuated container,
what are the values of g, w, AU, AH and AS for this process. (20%)

4. 50.0 L of dry air was slowly bubbled through a thermally insulated beaker
containing 250 g of water initially at 25 °C. Calculate the final temperature. The
vapor pressure of water is approximately constant at 3.17 kPa throughout, and its
heat capacity is 75.5 J/(K mol). Assume that the air is not heated or cooled and that

water vapor is a perfect gas. The molar enthalpy change of vaporization of water at
25 °C is equal to 44.02 kJ/mol. (20%)

5. Estimate the residual molar entropy of (a) COz, (b) ice by taking into account the
distribution of hydrogen bonds and chemical bonds about the oxygen atom of one
H>0 molecule, (c) HCFs, (d) 1,2-difluorobenzene, and (e) 1.4-difluorobenzene on
the assumption that the van der Waals radii of H and F are similar such that steric

effects on molecular ordering in the crystal are minimal. Please list the descending
order (sorted from highest to lowest). (20%)



