Thermodynamics of
Materials

8th Lecture
2008. 3. 26 (Wed.)
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An Example of Irreversibility

motne thermodynamic
transformations are very
difficult to reverse. Some
are easy to reverse.
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makes that so hard to do?

Entropy as Time's Arrow
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Kinetics
Nature goes in the most
likely or probable way.

A8 2 the most probable way
(path, process).E 2t}

Which path, the shortest cut
or the least time?

If Nature follows exactly the kinetic law, why do
we bother to learn the thermodynamic laws?

The 2nd Law of Thermodynamics vs Kinetics

Kinetics < the 2nd Law
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Visualization of Free Energy

Mt. Wilson

5500

“Angeles Crest
Highway

Al = const,
independent
of path
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FIGURE 3-2. The altitude increase Ah during a trip from Altadenato Mt. Wilson, is
a state function of the journey, and is not a function of the path (or road) employed.

R.E. Dickerson (1969)
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Entropy change for Isothermal expansion
of ideal gas from V, to V,?

AE =Q-W
dE = 6Q —PdV when only PV work is involved.

RT
For isothermal process, 0Q =PdV = TdV
internal energy change

is zero. _(eRT Vv,
AQ = jvl 7olv =RT In(V—J

1

AS=£=RIn[\QJ=RInV2—RInV1
T

1

Bolzman MEZ2I S =k|nP

4J
02
=)
e
Qo
Y

i)

>
o

Q

3

|0
il
°
ar
2
A
0z
>~
=
30
O

Ol EXIF 2% 2ol AS =
S BN XS bt ot) M= ot 2 E6tHAL.
Xt a%t bl 21 Yol AS =& (1/2)2=1/4

Ml JHSl 2IXOF &1Z 0l AS &S (1/2)2=1/8
nHel Xt |IZ 2ol AS =S (1/2),
n=20Z [ &5 0.000000953 ~ HE+F2| 1
J8d 1289 8X=n=6.02x10%




Entropy change for isothermal expansion
of ideal gas from V, to V, (Boltzman’s way)?
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— identical to Clausius Entropy

AG"? = AH"? —-TAS*? =0 at equilibrium
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A rigid container is divided into

two compartments of equal volume

by a partition. One compartment

contains 1 mole of ideal gas A at 1 atm,
and the other contains 1 mole of

ideal gas B at 1 atm.

Calculate the increase in entropy

which occurs when the partition

between the two compartments is removed.

1 mol 1 mol
(1 atm) (1 atm)
A B




Calculate the increase in entropy

1) by Boltzman’s way
2) by volume change of each gas
3) by pressure change of each gas

If the first compartment has contained

2 moles of ideal gas A, what would have
been the increase in entropy

when the partition was removed?

Calculate the change in entropy in three ways
(Boltzman, volume change, pressure change).

2 mol 1 mol
(2 atm) (1 atm)




Calculate the corresponding increase

in entropy in each of the above two situations
if both compartments had contained

ideal gas A.

Calculate the change in entropy in three ways
(Boltzman, Volume Change, Pressure Change).

2 mol 1 mol 3 mol
2 atm 1 atm
@atm) | (atm) | A

The most important state functions
in thermodynamics

—E
—H=E+PV
—F=E-TS

— G=H-TS=E+PV-TS

H, F and G can be derived
by some mathematical transformation of E.
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=Yy —QX
E=TdS-PdV =E(SV) V > X
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w=y-Qx=E+PV
=H Enthalpy
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— Legendre Transformation




Legendre Transformation

» A function E(S,V) is transformed to a function
in which one or more of the independent
variables S and V are replaced by
corresponding partial derivatives of E.

* In classical mechanics, the Hamiltonian is a
Legendre transformation of the Lagrangian.

» Surface free energy is the Legendre
transformation of the surface profile in y-plot.




