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1. The Three Laws of Thermodynamics (30 points) S0 CQN‘U‘ ke leniek in 3&6[‘\
(a) State the first law using variables, exact, and inexact differentials. (6 points) j
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(b) State the second law using variables, exact, and inexact differentials (8 points) ] T
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Give one scenario when a substance is not at complete internal equilibrium at 0 Kelvin
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2. Helmholtz Free Energy Auxiliary Function and Equilibrium (30 points)
(a) State the definition of Helmholtz Free Energy using state variables (4 points)
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(b) Take the exact differential of the Helmholtz Free Energy combined with the exact differential of the
total internal energy dU=TdS-PdV (8 points) ‘
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3. Gibbs Free Energy Auxiliary Function and the Gibbs-Duhem Equation (30 points) ——-.-l
(a) State the definition of Gibbs Free Energy using state variables (4 points) e
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In one sentence, describe conceptually the Gibbs Free Energy
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4. Configuration Entropy (30 points)
(a) What is the conceptual definition of configuration entropy? (4 points)
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In statistical mechanics, what is the equilibrium state of a system?
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(b) Consider the scenario shown below. We have six identical diamond particles, four identical circle
particles, and two identical triangle particles confined to a grid. The particles are currently prevented from

migrating due to partitions A and B. Also assume the particles are prevented from rotating. (8 points)
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The initial state is shown. What is the number of distinguishable arrangements? Leave your answer as an
integer and not in factorial form.

@ E*\GC‘H\/ 00¢
Not 5! No mottes  how

distie N shq ble er((mt)om,crx)l :

’H"..Q, arbicles  Migen %Q,
w il

it

q\iw{n(

OK\MQYS bok  {ike <hjwn -

L 3

T

13

'

!

ML

i

i

What is the value of configuration entropy? Include units. |
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Partition A is removed so the diamond and circle particles randomly migrate. What is the number of i
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(¢) Consider a chemically pure solid of carbon monoxide CO beginning at finite temperature then cooled

to a frozen crystalline lattice at 0 Kelvin. (10 points)
Conceptually or algebraically, what is the entropy associated with the distribution of vacant lattice sites?
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Conceptually or algebralcalgl what is the entropy associated with random crystallographic orientation?
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When does the entropy associated with random crystallographic orientation obtain its maximum value?
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If you have frozen Oxygen, O, why can you have no defects?
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(d) Whlch of the followmg two reactions is more exotherm1c‘7 (8 points)
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C(diamond)+ % Ol(g) - CO(g) at 1000K

Note that diamond is more tightly packed than graphite due to being aligned Face Centered Cubic.
Include a brief discussion of Enthalpy in justifying your answer.
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