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1. ENTROPY - 20 points
a) Consider two bodies A and B in thermal contact, but each at different temperatures Ta
and Tg. Show by entropy arguments that if there is a heat transfer ! g from body A to

body B, then To>Tg (assume the heat flow is too small to change the temperatures).

b) Problem 3.29.

a) under constant V, ! q=! U (no PV work was done):
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b)

The second law of thermodynamics only says that there is no perfect heat engine
(100% efficiency), which must be a cyclic process with the same initial and final
conditions, existing. It says nothing about the heat to work efficiency of a single process
with different conditions at initial and final, which is possibly 100%, like the example

shown here.

2. SOME NUMERICAL CALCULATIONS OF ENTROPY - 20 points

a) Problem 3.37. Entropy of benzene freezing.
b) Compute the entropy of at CHy4 at 2 bar and 1500K (use the data in Table C3 in Silbey,

Alberty, and Bawendi).
c) The general form for the low temperature heat capacity at constant volume of a perfect
crystal is given by
3
C, (T)= 1943.8-:——3 Jmol K™

D

where ! p = the Debye Temperature. If the Debye Temperature of Ar is 93.3 K, compute
the entropy of solid argon at 10 K.



H(Cq Hs) -9.87
T " 55+273

AS,enzenc= B e = _0.0354kJmol'K*

#" fusH (CGHG) _ #987
T 273

" Suaterbath = =#0.0362kJmof'K*

iii)
" St =" Soarmenct " Syaerar, = 0.036240.0354= 0.0008= 0.8 Jmol'K

b)
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S 00 = 247.549TK *mol”™ &=19.875' =5.02]( =1.268) =%1.1.004
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"S,=R+Hn —1 8.3154n’ _8_ 96.76 JK *mol™

SZhar = 247.55+ 32.38%6.76=274.17JK *mol™
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2CdT

_ q01943.898°%dT
= $ —

1943 8, 0/1:03 0.797Jmol K™

 93.33

3. IRREVERSIBLE EXPANSION OF AN IDEAL GAS - 20 points
A system composed of 1 mole of Ar gas (treat as an ideal monatomic gas) is initially at a
temperature T, and volume V|, and pressure p;. The pressure is suddenly dropped to p,,
and the gas expands irreversibly.
For two cases:

1) Isothermal expansion

2) Isolated expansion
Derive expressions for

a) the final temperature and final volume;

b) " U and" Sof the system;

c) " Sof the surroundings.
Let p; = 2p; and find " Sof the system for each case. Show that this expansion under
both conditions does not violate the second Law. Which leads to the larger entropy
change?



1) isothermal expansion:

a)

Tz = Tl

v, BRI

PZ

b)

AU =0

ASSyS= Rln(ﬁ) = Rln(ﬂ)

V:L P2

c)

Because the surrounding is very large, its temperature keeps constant at T}
n SS - qsurr - #qSYS - Wsys - #PZ(VZ #Vl) - VZL(PZ # F)l)
T T T T T

when P=2P,:
Sys

&
"S,= Rln%( =5.76Jmol'K’*

) 0.5RV,
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"S=5.76) 4.16=1.6 Jmol'K’*
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surr

=)0.5R=) 4.16 IJmol'K’*

i1) isolated expansion:

a)
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b)

3.82PV, 3 3 3
"U,, —CT——RT#T —T#T SRV, #>R
(T, #1) = 2R§5 R 2 5%''5 b

Use two reverS|bIe processes to get the same initial/final conditions as the irrecersible process a
Systemy,, T)* *+ System{,,T,)* *2+ System{,,T,)

"Ss="9+"S
=Rlnﬁ+c\,lnL
Vi L
2., 3R
SVt 5PI 3 éR(P2V1+§R‘I[)
=RIn=—="2 1 °RIn
Vi 2 T

Notice that, in the step one the isothermal expansion, you can only use RIn(V,/V;) for the
change of entropy but not RIn(P;/P,). Because when it expands from V; to V, under
constant T}, the pressure changes from P; to P’, an intermediate point that is not P,. And
then in the second step, the pressure changes from P’ to P, when T, changes to Tb.

c)

For surroundingpecause it is constant P and constant T (since it is so lHrge)g= dH.
Since H is a state functiome can just use dq for calculating the irreversible process

dq
dS =—"=
ur g

when P=2P,:
tS=" Ssys+ " Ssurr
§V1+65|T:;II 3 ﬂ §T
=RIn=—1 +~RIn &+0
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Zvedy 5 Inely
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A 2 T
—Rm8+3Rmﬂ
5 2 5

=1.125Jmol'K™*

The " Siis larger for the isothermal expansion than the isolated expansion. They are all
larger than zero, so they don’t violate the 2" law.



4. ENTROPY OF MIXING - 20 points
Problem 3.38

1.1
A . S=-nR Iny. =-3x8.315x (=In=x 3
S =-nRY yIny, (35>

5. FUNDAMENTAL EQUATION - 20 points
Gibbs suggested that the equation
U=V'"exp(S/C,)

be regarded as the fundamental equation of an ideal gas. Show that the correct
expressions for pV, (! u/tv )T , and dU are obtained.

U =V *exp@S/C,)
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