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[Physical Chemistry: Basic]

Answer problems (1) through (3). In these problems, n, R, and T denote the number of moles, gas constant,
and temperature, respectively.

(1)

(2)

(3)

Figure 1 shows the Carnot cycle, which is a reversible engine, involving a perfect gas of  moles. In
this cycle, the process from A to B is isothermal expansion, the process from B to C is adiabatic
expansion, the process from C to D is isothermal compression, and the process from D to A is
adiabatic compression. In Figure 1, Pa, Pg, Pc, and Pp are the pressures of gas at A, B, C, and D,
respectively, Va, ¥, Ve, and Vp are the volumes of gas at A, B, C, and D, respectively, and T; and 73
are temperatures. Answer the problems below.

(@)

(b)

(c)

@

In the process from A to B, find the change in -
internal energy (AUag). Also, find the heat APp Va T)
(gaB) that the system absorbs from the heat
source.

Find the work performed by the system to the B (Pg, Vg, T4)

Pressure, P

surroundings in one cycle.

Po. Vo, T,
The efficiency of this cycle depends only on Fo. Vo Tl

temperature. Find the efficiency of this cycle C(Pe, Vg, Ty)

and also show the derivation process. Volume. V

Graphically show the relation between I and

Figure 1
entropy () for this cycle.

i

Answer the following problems concerning phaée transition of a material.

(e}

®

In a one-component system, the chemical potentials of the solid phase, liquid phase, and gas
phase generally decrease with increasing temperature. Explain the reason for the decrease.
The standard melting enthalpy of water ice is 6.01 kJ mol™’. Calculate the melting entropy of
1 mole of water ice at 1 bar to two significént figures.

Answer the problems below concerning a mixture of liquid a and liquid b. The molar fractions of
liquid a and liquid b upon mixing are expressed as x, and xy, respectively. Here, the total amount of
the solution is given by » moles and the temperature is given by T.

(8)

)

If this liquid mixture forms an ideal solution, find the mixing entropy and the mixing Gibbs
energy. ' '

In the case of a liquid mixture where the excess entropy (SF) is zero and excess enthalpy (HE)
is nonzero, find the mixing Gibbs energy of the solution. Note that A% = nfRTx, xy, where f
is a dimensionless constant.

Furthermore, in the case of (h), there is a possibility that phase separation occurs under a
particular condition. To understand this, find the mixing Gibbs energies in the cases of =
—1 and # =3 with x, =x, = 0.5, » =1 mol, and T =300 K, to two significant figures. Here, R
=8.31 J K™ mol™ and In0.5 = —0.693.



