Materials at Equilibrium. G. Ceder Fall 2002

Question 1:

Consider a closed system at constant volume composed of a very large number N of
distinguishable subsystem which do not interact with each other upon forming the larger
system. The subsystem can be only be in one of two energy states: E=0, or E =¢.

a) What is the maximum possible value of the energy per subsystem (E,/N) when the
system is in equilibrium (at any thermodynamic condition) ?

b) In this condition of maé,imum energy, what is the entropy of the systems (S;o/N) ?
v

¢) Sketch the heat capacity‘gf the system as function of temperature. Pay particular
attention to limiting values (e.g. what is the value of the heat capacity at T = 0 and how is
that value approached; value at high temperature, etc.)
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Materials at Equilibrium. G. Ceder Fall 2002

Question 4:

Do not draw more than one solution. Clearly specify your answer
Below is the Mn-Mo phase diagram.

a) The phase boundaries in the area that is circled (near 2220°C) are somewhat unclear.
Please draw a possible (but thermodynamically correct) solution for the three-phase
equilibria near 2220°C showing clearly how all single phase regions connect to the
invariant three-phase equilibrium. If necessary, exaggerate, the width of single phase
regions. Please do not draw on the phase diagram, but make a clear drawing below.

You do not need to draw the complete phase diagram, only the relevant section involving
Mo,G and L near 2220°C. Do not yet worry about the hashed rectangle, which is for part

b of the question.
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b) Your advisor spilled beer over part of the phase diagram, and as a result the region that
13 hashed on the previous page became illegible. On the diagram, below, please sketch a
plausible solution for the missing region.
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Question 5:

Y,03-7Zr0; is a material of interest for sensors and solid oxide fuel cells. At the relevant
temperature and composition range ZrO, forms a simple fluorite structure with an fee
array of Zr cations, and the oxygen ions occupying all the tetrahedral interstitials of this
array.

As Y703 1s added to ZrO,, the Y cations substitute on the Zr sublattice. For charge
compensation reasons, a vacancy needs to exist on the oxygen sublattice for each 2 Y
cations added

—
@j a) Assuming an ideal solution of Y and Zr on the cation sublattice, and oxygen and
vacancies on the anion sublattice, write down the entropy of mixing as function of the
mole fraction of Y cations on the cation sublattice.
s
L7 b) In the real material, oxygen vacancies may be attracted to the Y cation, for
L electrostatic reasons or due to size effects. Describe how the entropy in part a) will

change when such attractive interaction occurs.
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Question 7 (Short questions):

a) Define the Legendre transform of the entropy that gives a function with natural
variables 1/T and p/T.

b) A material (closed system) at constant pressure undergoes a reversible phase
transition with temperature at T = Ty. Please indicate whether the following statements
are always true, true only part of the time, or never true.

At the phase transition temperature the high temperature phase has a higher volume than
the low-temperature phase:

_ NEVERTRUE __ ALWAYSTRUE _ M TRUEPART OF THE TIME

At the phase transition temperature Ty. the high temperature phase has a higher entropy
than the low-temperature phase:

NEVER TRUE X ALWAYS TRUE TRUE PART OF THE TIME

At the phase transition temperatureTy the high temperature phase has a higher enthalpy
than the low-temperature phase:

. NEVER TRUE X ALWAYS TRUE TRUE PART OF THE TIME

At the phase transition temperatureTy the high temperature phase has a higher Gibbs
free energy than the low-temperature phase.

X NEVER TRUE ALWAYS TRUE TRUE PART OF THE TIME

¢) A metal always has a higher electronic entropy than an oxide

TRUE X FALSE
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d) For a system with anly pdV work, in an environment under constant pressure and
temperature, the condition that ASypiverse > 0 is equivalent to:

_ AG>0 X AG< 0 AH <0 AH >0 AS < 0

In the above, the state functions (G,H,S) refer to properties of the system.

¢) At constant composition, does the free energy increase or decrease with increasing

lemperature?

INCREASE 25 DECREASE
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