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A monatomic gas described by the ideal gas equation of state has a pressure and constant-
pressure heat capacity given by
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A monatomic gas described by the van der Waals equation of state has a pressure and constant-
pressure heat capacity given by
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R =8.314 J/mole/K

1 atm = 101325 Pa

Problem 1.
We perform a Joule-Thomson experiment to measure the Joule-Thomson coefficient,

. _(8T]
JT=| | -
op H

(a) Find an expression for the partial derivative representing the change in enthalpy per change
in pressure under isothermal conditions for the ideal gas.

(b) Find an expression for the partial derivative representing the change in enthalpy per change
in molar volume under isothermal conditions for the ideal gas.
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Solution:

o (L&,
op Jr\aT )yl ot )

oH 5
Bl i 7Ch=—u 2R
o )r T Cp =T 5
oH oH) (o
(b) = - = _p
oV )y Lop)rlav s
) __RT
ovV)r V2
oH) _(eH) (ep) __ 55 RT|_5 R(RT 5p°
oV ) Lap)lav ), ~ T2 2 |ToMTy v ) TS T



D. Keffer, Department of Chemical Engineering, University of Tennessee

Problem 2.

We have 2 moles of xenon (a monatomic gas) initially at T =298 K and p = 1 atm.

The gas is heated at constant pressure to 600 K. Find the heat, work, change in molar internal
energy, and change in molar enthalpy if we consider the material as an ideal gas.

Solution:

Isobaric heating of an ideal gas.

initial volume: vy =BT _ 0 04890m3
P4
final volume: v, =112 _ 5 09gagm?
P
T2 T2 5
heat: q= [nCpdT =nC, [dT =nCy(T, -Ty)= EnR(T2 ~Tq)=12554J
T4 o _T1 o
V2 V2
work: Wirey =— [pdV =—p [ dV =—p(V, V) =-5022J
V1 V1

extensive internal energy: AU =q+ W, =12554 —-5022 =7532J
intensive internal energy: AU =—AU=——=3766J
n

extensive enthalpy:
AH =AU+ A(pV)= AU+pAV = q+ W e, +PAV = q—pAV +PpAV = q = 12554J

intensive enthalpy: AH=—AH=———=6272J
n
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Problem 3.

We have 2 moles of xenon (a monatomic gas) initially at T =298 K and p = 1 atm.

(a) The gas is expanded at constant temperature to double the volume. Find the change in molar
enthalpy if we consider the material as an ideal gas.

(b) Will we obtain the same result for a van der Waals equation of state? Why or why not?
Solution:

(a) Isothermal expansion of an ideal gas.

For an ideal gas, the enthalpy is only a function of temperature. Therefore, for an ideal gas
undergoing an isothermal process, there is no temperature change and thus no enthalpy change.

intensive enthalpy: AH=0

(b) Will we obtain the same result for a van der Waals equation of state? Why or why not?

No, we will not get the same result, because we can see from the heat capacity, that the enthalpy
of the van der Waals is not just a function of temperature, but also of pressure. The pressure is
changing during this isothermal process. Therefore, the enthalpy will also change.

Not part of the exam but interesting all the same:

How would we calculate the change in enthalpy for a van der Waals gas undergoing an
isothermal expansion or compression?

Use the Bridgman tables to obtain a convenient form of the necessary derivative.
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Integrate over pressure assuming constant T.
2T vR b
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This is an ugly integral because V still varies with p. Probably the safest bet is to integrate it
numerically using a Simpson’s rule, or a similar method.



