Chemistry 231 Assignment #8 due* Tuesday, 14 November, in class

(*This assignment is optional. You lose no marks if it is not handed it in.)

1. This question refers to the chemical equilibrium of nitrogen tetroxide and nitrogen dioxide at 25 °C.
N204(g) = 2NOx(g)
The equilibrium constant K for the reaction is 0.333 at 25 °C.

a) One mole of pure N2O4 partially decomposes to NO at 1.00 bar total pressure. Show
0.723 mol N2O4 and 0.555 mol NOz are present at equilibrium.

[8] b) Show the conversion of one mole of pure N20O4 to 0.723 mol pure N204 and 0.555 mol pure
NO:; at 1.00 bar is not spontaneous.

¢) Calculate AGmix for the mixing of 0.723 mol N2O4 and 0.555 mol NO; at 25 °C and 1.00 bar.

d) To indicate the importance of mixing in chemical reaction equilibrium, show the conversion
of one mole of pure N2Q4 to a mixture of 0.723 mol N204 + 0.555 mol NO; is spontaneous.

2. Equilibrium constant data for the reaction 2Ag>O(s) = 4Ag(s) + Oz(g) from 0 °C to 100 °C:

t/°C K
0.0 0.0000120
25.0 0.000119
[9] 50.0 0.000826
75.0 0.00434
100.0 0.0183

a) Prepare a van’t Hoff graph of the data by plotting InX against 1/T.

b) Is the reaction exothermic? Justify your answer.

¢) Is AH" for the reaction independent of temperature? Explain.

d) Calculate AG®, AH® and AS® at 25 °C. (Suggestion: Use AG®° = —RTInK = AH® — TAS®)
e) Use the reaction quotient Q to show solid AgzO is stable in air (po2 = 0.20 bar) at 25 °C.

f) Calculate the decomposition temperature of Ag2O(s) heated in air.

3. 1.00 mol N3 and 4.00 mol Hz react at 500 K and constant volume to form NHs. The initial pressures
are pn2 = 2.00 bar and puz = 8.00 bar. Calculate the number of moles of NH3 at equilibrium.

(3]
Data: the equilibrium constant X of the reaction N2(g) + 3Hz(g) = 2NHs(g) is 10.1 at 500 K.
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AH°

vant' Hoff plot of InK against 1000/T for the reaction
2Ag,O(s) = 4Ag(s) + O,g)

slope against 1000/T = -7.470K

slope against T = -7,470. K

—RdInK/d(1/T)
~R(-7,470 K) = 62,100 J mo!™

-12
2.6

1000/T / (K™

3.8
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