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{Physical Chemistry: Basic]

Answer the following problems (1) thrgugh (9) on the following hydrogenation reaction of
ethylene in gas phase, g

C;Hs + Ha — CaHg Ay = —1.4x10° J mol, (eq 1)
where AH300 represents the reaction enthalpy at 300 K. Table 1 represents the entropy and thermal .

capacity under constant pressure for the respective gas components.

Table 1. Entropy and thermal capacity under constant pressure at 300 K.
S /3 mol'K" C, /Jmol'K!

He 130 29.0
CzHy 220 43.6
C:Hs 230 52.6

The gas components are considered to be ideal gases. The standard condition is defined as 300 K

and 1 X 10° Pa in the following problems. Calculate numerical values to two significant figures.

(1) Is this reaction exothermic or endothermic?
(2) As a function of temperature T and pressure P, the chemical potential of each component
H(P,T) is written as
HP,T) = puo(T)+RT In(P /Py), (eq 2)
where (o and P represent 2 and P under standard conditions, i'espectively, and R represents
the gas constant. Show that the following relation (eq 3) holds between the Gibbs free energy
AG® and pressure equilibrium constant X,
AG = —RTInkK (eq 3)
" (3) Calculate the reaction entropy AS at 300 K. .
(4) Calculate the reaction Gibbs free energy AGsqo at 300 K.
(5) Using Figure 1, estimate the pressure equilibrium constant Ksg at 300 K.
(6) Calculate the thermal capacity AC, under the constant pressure.
(7) Similar experiments were performed at 400 K. Calculate the enthalpy AH:q, the reaction
entropy ASuo; and the reaction Gibbs free energy AGag by assuming that ACp does not depend
on temperature. If necessary, use In2 = 0.69 and In3 = 1.10.

(8) Using Figure 1, estimate the pressure equilibrium constant Kzgo at 400 K.



(9) The hydrogenation reaction of ethylene (eq 1) may.not proceed at 300 K only by mixing
C;Hs and Hz. By usihg a Ni catalyst, this reaction proceeds promptly. Using such a Ni catalyst,
the rates of the reaction (eq 1) at 300 K and 400 K were found to be 4.0 X 10 mol min™! and
9.0 X 10°° mol min™!, respectively. Calculate the activation energy £, [kJ mol"'] of this reaction.
If necessary, use the gas constant R = 8.3 J mol"'K"!,
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Figure 1. The pressure equilibrium constant X as a function of reaction Gibbs free energy AG
2t 300 K and 400 K



