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[Physical Chemistry: Standard]
Answer problems (1) and (2). Show the interim progresses to answer for each problem.

(1) Answer problems (a) through (g) about the equilibrium reaction NoOs = 2NO,.

(@) N204 gas in amount of substance a under pressure P reached equilibrium by the reaction NoOs = 2NOs.
The degree of dissociation of N»>Oj is defined as & The pressure equilibrium constant is defined as K.
Express & and amount of substance of N>O4 and NO; in the equilibrium condition using a, P, and K.

(b) The chemical potentials of N>O4 and NO: under the equilibrium condition are defined as ua and s,
respectively. Gas constant, temperature, and chemical potentials in the initial states are defined as R, 7, and
1A%, 18°, respectively. Express ua and ug using & R, T, ua°, and usg°.

(c) Express the Gibbs free energy of this system using &

(d) Answer the condition of & under the equilibrium condition.

(e) Calculate the reaction enthalpy A:H °, reaction entropy A.S °, and reaction Gibbs free energy A:G ° in this
reaction under the standard condition (25°C, 1 x 10° Pa) by 2 significant digits. Here, standard formation
enthalpies of N>O4 and NO, are given as 9.2 and 33.2 kJ mol™!, respectively. Standard molar entropies of
N>O;4 and NO; are given as 304 and 240 J K™ ' mol !, respectively.

(f) Answer whether this reaction is endothermic or exothermic. Write also the reasons.

(9) The pressure equilibrium constant renormalized to non-dimension is defined as K,,’. Express K’ using A:G °.
Further, using the condition in problem (¢), choose the most appropriate K,,° value from following options
and write the reason. The gas constant is R = 8.3 J mol ' K™!. If necessary, use the relation

In x = 2.3 logox.
(options) 107 1075 1071, 10%, 105, 10%°

(2) Answer problems (h) through (j) based on the phase diagram of water shown in Figure 1.
(h) Under the equilibrium conditions between gas and liquid phases, the pressure P follows the OA curve with
decreasing temperature 7. Explain this fact using Gibbs phase rule.
(1) Under the equilibrium conditions between gas and liquid phases, the chemical potentials of g, (P, T) and
Miquid(P, T) are balanced. From this fact, derive the following relation for entropy S and volume V.
dP _ Sgas — Sliquid
dr Veas — Vliquid
(i) Under the atmospheric pressure, explain the reason that the density of ice is lower than that of water from
the viewpoint of structure in ice. Further, using this fact, explain the reason of negative slope in solid-liquid

phase boundary in the phase diagram of water.
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Figure 1. Phase diagram of water. Tr, and T represent the melting temperature of ice and the boiling

temperature of water, respectively, under the atmospheric pressure.



