Thermodynamics of Materials 3.00
Example Problems for Week 8

Example Problem 8.1

Select the figure below that illustrates the correct dependence of the molar Gibbs free
etterygy, (5, on pressure, P oot constant temperature for a single component solid. Erplain
pour ehoice.
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Solution 8.1
Starting from the differential expression for & we ean write expressions for the slope
and eurvature,

dG = —T5 + VdP
WV and T8 -0 _ 3T,

Where the definition of the isothermal compressibility has been used, 3y = — 1’—" {%;}T with

units 1/Pascal. This definition ensures that By > 0 so the eurvature is negative, ﬁ < ).
This excludes curves ¢ and d. The slopes of each curve gives the molar volume which is
a positive quantity. This excludes curve b Therefore curve @ gives the correct slope and
CUrvature.

Example Problem 8.2

The Cibbs free energy has notural varable T and P for a single component syasfem,
Consider the molar Gibbs free energy of constand emperaiure T = 10007, &, for different
phases of Hy(). Draw a schematic of G(F) and G,(P) as o function of pressure about the
transformation pressure, P Tdentify Py for this transformation aond the regions of liguid
and gaseous sfability. Specwlate on the change fn the transformation temperature if the
femperaiure is increased,

Solution 8.2

First let’s consider the transformation pressure at fixed temperature. At this pressure
the molar Gibbs free energies of the ligquid and gas are equal, () = G,(F). Therefore,
the curves intersect at F.



We know V', > V. Using this information we can draw and identify both curves. At
the transformation pressure the gas and liquid are in equilibrium and can co-exist. If the
pressure is lowered the equilibrium phase is gas as it has the lowest molar Gibbs free energy.
If the pressure is perturbed upwards from the transformation pressure then the equilibrium
phase is liquid.

For H,O this transformation pressure is P, = latm. If the temperature is increased the
transformation pressure also increases. Think about boiling water for cooking with no lid
on a pan. If you put a lid on the pan you increase the pressure and the water finds a new
boiling point. That new boiling point is 7' > 100C,. Because G is a state function we know
that fixing the pressure and finding the new transformation temperature will give the same
result as fixing the temperature and finding the new transformation pressure. Therefore,
raising the temperature will increase the transformation pressure.
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