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[Physical Chemistry: Standard]

Answer problems (1) through (3). In these problems, p, V, R, T, and H denote pressure, volume, gas constant,
temperature, and enthalpy, respectively. y

| AT
(1) Figure 1 shows a p-V diagram of a heat cycle involving a
perfect gas with the amount of substance n. In this cycle,

Pressure

the process from state A to state B is irreversible

expansion, the process from state B to state C is
] ) - B (Vg 7y
isothermal compression, and the process from state C to C(lg T v

state A is reversible adiabatic compression. In Fig. 1, Va, - -

Vg, and V¢ are volumes of state A, state B, and state C, Volume
respectively, and T: is temperature at state A, T, is Figure 1. p-Vdiagram of the heat cycle
temperature at state B and state C. Assume that the heat capacity at constant volume Cy of this

perfect gas is independent of temperature. Answer the problems below.

(@) When the work done by the system on the environment in the reversible isothermal

compression from state B to state C is expressed as Wgc, Wac is given by
Wye = J‘BHC pdv, 1)

where B—C represents the reversible isothermal compression from state B to state C. Find
Wac by integrating Eq. (1).

(b) Find the work done by the system on the environment in the reversible adiabatic compression
from state C to state A.

(c) When the entropies of state A and state B are denoted as Sa and Sg, respectively, find an
expression of Sg — Sa.

(2) Van der Waals proposed an approximated equation of state for real gas. Equation (2) shows the
proposed equation of state expressed with molar volume V.
RT a

= -, 2
P V b V2 ()

where a and b are empirical parameters called van der Waals constants, representing the effect of

the intermolecular attractive force and the excluded-volume effect, respectively. Answer the

problems below.

(d) Table 1 shows van der Waals constants for four gas-phase species, Hz, H.O, N2, and CsHes.
Assign molecular species for gas I, gas 11, and gas I1l. Explain the reason of your assignment.

Table 1. Van der Waals constants

H> gas | gas Il gas Il
a/Pa-mS-mol™ 2.5x%x 1072 1.8 x 10° 55x 107 1.4 x 1071
b/ mé-mol™ 2.7%x10° 1.2 x10™ 3.1x10° 3.9x%x10°




(3)

(e) Because p is a function of T and Vi, an infinitesimal change of p can be expressed as

dp:(@] ar+| P | av_. 3)
o), ¢ v, )

m

Then, find an expression of the expansion coefficient o for a gas obeying Eg. (2) as an
equation containing a and b, where « is defined by

viar ),

Figure2 shows the schematic of the Upstream Downstream
Joule-Thomson process. By applying constant ,

2
pressures p: and p2 (p1 > p2) to the pistons at the 4
upstream and the downstream, respectively, a gas
with a volume Vi initially in the upstream piston

Porous wall
moves through the porous wall to the downstream
piston with a volume V.. The flow of gas is
Yol

substantially slow, and the gas in the apparatus is v, 4—2

thermally isolated from the environment. The

Joule-Thomson coefficient 4, which expresses the  Figure 2. Schematic of the Joule-Thomson
extent of the temperature change through the  process
Joule-Thomson process, is written as
N:[ﬂj :V(aT—l)’ 5)
op ), C,

where a and C, are the expansion coefficient defined by Eq. (4) and the heat capacity at constant

pressure, respectively. Answer the problems below.

() Show that the Joule-Thomson process is an isenthalpic process by using the first law of
thermodynamics.

(g) Show that temperature of the gas is unchanged through the Joule-Thomson process, provided
that a perfect gas is filled in the pistons.

(n) Suppose that a H, gas is in the pistons. Answer whether temperature of the H, gas should be
increased, decreased, or unchanged through the Joule-Thomson process when initial pressure,
temperature, and molar volume at the upstream are p = 1L.0MPa, T = 300K, Vi, =25 x
1073 m3-mol?, respectively, provided that the H, gas obeys Eq. (2) and R = 8.3 J-K-mol ™.
Write the process leading to your answer by using the expression of o obtained in problem (e).



