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Problem 1, 10 marks

We can ice skate because the pressure on the ice lowers its freezing temperature creating
a thin film of water under the skate blades. Calculate the freezing temperature of ice for a
70 kg person standing on ice skate blades of dimension 0.25 x 12.0 inches.

Data: 1 inch = 2.54 cmy; p(HoO(€)) = 0.997 g/cm?; p(HoO(s)) = 0.917 g/cm?; AHy,(Ho0)
= 6.01 kJ/mol; g = 9.8’m
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Problem 2, 10 marks

Freeze drying (lyophilization) is a process where water contained in a sample is evapo-
rated into the gas phase at low pressures and temperatures below the freezing temperature

of water. What is the maximum pressure at which a sample can be freeze dried if the tem-

perature is not to exceed(-10.5 °C7y 3 \Lelvin P,
Data: AHY,, = 6.01 kJ/mol; AH},, = 40.65 kJ/mol; the vapor pressure of ice is 611 Pa at

273.15 K.
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The Clapeyron equation can be developed further for phase equilibria involving the gas phase as one of the phases. This is the case for either sublimation (
solid — gas) or vaporization (liquid — gas). In the case of vaporization, the change in molar volume can be expressed

AV = Vgas = Vliquid

Since substances undergo a very large increase in molar volume upon vaporization, the molar volume of the condensed phase (liquid in this case) is negligibly
small compared to the molar volume of the gas (i.e., Vgas > Viiguia)- SO,
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Problem 3, 10 marks cony

The vapor pressure of water at 20 °C is 17.54 torr. Using this data and AH® = 40.65

vap

kJ/mol for water calculate AG3qg for the change HoO(¢) — HyO(g)? (Hint: the form of the

van’t Hoff equation is identical to the Clausius-Clapeyron equation)
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