












15.
a) We want to write dS in terms of changes of P and V  (dS = something dP + somethang dV)
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b) For an ideal gas:  PV = RT    T = PV/R.   Therefore from part a):
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c) We want dU in terms of dT and dP.
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We have terms involving S, which we want to replace with P, V, T, and Cp.
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d) We want to use PV = ZRT in the expression in part c) – keeping in mind that Z = f(P,V,T)
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Collecting and canceling out terms gives us:
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e) For ideal gas, Z = 1 (and thus, all derivatives of Z = 0).  Therefore
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The expression is as we have seen it before.  Performing a similar calculation will give you
dHig = Cp dT.  Thus Maxwell’s relationship shows that, for an ideal gas, the internal energy and
enthalpy only depend on temperature.



16.

(Volumes are not drawn to scale ).
The gases are assumed to be ideal.   We know the initial conditions.  The process is isobaric.  We
know the final temperature of the two gases are equal (call it Tf) but we don’t know what Tf is.
We want to know ∆S.

Thinking process:
1) We can express ∆S – a state function – as a function of the final states (Tf, Pf) and initial

states (To, Po) of the two gases.
2) We can define all the states except that we don’t know Tf.
3) We may be able to get Tf through another equation we have:  the 1st law.

Let’s write the 1st law, taking both gases as our system:

dUt = δQ + δW

We will assume that Q = 0, meaning that there is no heat transfer to the surrounding.  The only
heat transfer is between the two gases to allow them to reach thermal equilibrium.
Is W = 0?  P is constant, T changes  V must change.   So –PdV ≠ 0.  We will write out the
work terms for both gases:
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For an ideal gas: dUt = nCvdT.
As for W, we have our usual expression δW = -nPdV.   Therefore we can expand the above to:
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Since this is ideal gas (V = RT/P) and since the process is isobaric, dV = R/P dT.  Then:
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∫∫

ethylene
1 mole
Teth,o = 500oC
Peth,o =1 bar

nitrogen
2 mole
TN2,o =25oC
PN2,o =1 bar

allow to reach
thermal equilibrium

=0

Note: This result turns out to be equivalent to
saying ∆Heth + ∆HN2 =∆Hsystem = 0.  This is true
because the process is basically change of
temperatures in constant pressure condition.

1 bar 1 bar

ethylene
1 mole
Tf = ?
Peth,o =1 bar

nitrogen
2 mole
Tf =?
PN2,o =1 bar

1 bar

1 bar



Using Cp information from Table C (we’re not assuming Cp is constant), we know everything in
the equation except Tf.  We can solve for Tf.  Writing it out:
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We can divide both sides of the equation with R, removing the R.  From table C.1:
A B C D

ethylene 1.424 14.394 x 10-3 -4.392 x 10-6 0
N2 3.280 0.593 x 10-3 0 0.040 x 105
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∫∫

Solving this gives us Tf  = 564 K.    (value in between 773 K and 298 K; makes sense)
Now we can find the value for ∆S:
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Writing out the total change in entropy as a combination of the two gases, we integrate from the
initial temperatures to the final temperature:
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Using the same Cp expressions as above we get:
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Integrating (with Tf = 564 K) and putting in the values, we get:
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∆S = -23.6 J/K + 37.7 J/K = 14.1 J/K

=0   isobaric

Note: ∆Seth < 0 but ∆SN2 > 0 and ∆Suniverse > 0.
(In this case ∆Ssurrounding = 0 because there is no interaction with surrounding).


