Chemistry 231 Assiggmgnt #8 (*due Tuesday, 01 December, in class)

*Your lowest assignment mark will not be used to calculate your average assignment mark. So if you’ve handed in all the
assignments (#1,2,3,4,5,6,7), and are happy with the results, a zero mark for assignment #8 will not affect your course mark.

Q1. Calcium oxide is produced on a large scale by the decomposition of the mineral calcite (CaCO3).
CaCOs(s) = CaO(s) + COx(g)

a) The equilibrium constant for this reaction is K = pcoz2. What about the CaCO3(s) and CaO(s)?
Are these compounds ignored in the equilibrium? Explain briefly.

(3] b) Calculate K at 25 °C.

c¢) Calculate the decomposition temperature of calcite at 1.00 bar pressure. Hint: Calculate the
temperature at which the equilibrium CO; pressure is 1.00 bar using dInK/d(1/T) = —AH°/R.

Dataat25°C:  AGm°(CaCOs,s) = —1128.8 kJ mol™! AH»°(CaCOs, s) = —1206.9 kJ mol™!
AGg°(Ca0, s) = —604.0 kJ mol™! AH5,°(Ca0, s) = —635.1 kJ mol™!
AG*(COy, g) = —394.4 kJ mol™! AHu%(CO,, g) = -393.5 kJ mol™!

Q2. The CaCOs(s) = CaO(s) + CO2(g) reaction is the basis of an industry valued at about 700 billion
[2] dollars annually. Name the product that is manufactured and its main uses.

Q3. A proposal is made to reduce atmospheric carbon dioxide levels by using CaO to absorb COs. Is
[1] this proposal feasible? Explain briefly.

Q4. Standard Gibbs energies of formation are widely used to calculate equilibrium constants for
chemical reactions. This question shows AG¢® data can also be used to predict phase equilibria.

a) Use the data given below to calculate the vapor pressure of liquid mercury at 25 °C.

Hg()) = Hg(g)
(4] b) Also use the data to calculate the boiling point of liquid mercury at 1.00 bar.

¢) The measured boiling point of liquid mercury (357 °C) is slightly different from the value
calculated in part b. Why?

Data at 25°C:  AGm°(Hg, g) = 31.82 kJ mol™ =°(Hg, g) = 61.32 kJ mol™!
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This question refers to the reduced van der Waals equation:

b - 8 L 3
S 3T T e
3y 1 &

: . . 3
a) This is a “universal” equation of state. Why?
b) Use the equation to calculate the reduced compression factor Z; at the critical point.

¢) Use the equation to show the reduced isothermal compressibility —V;='(8 Vi/dpr) v is infinite
at the critical point.

d) What does “reduced” mean in this context?

e) Show the reduced isothermal compressibility i =—V;"!(0Vi/op:)rr is infinite at the critical
point! Suggestion: (0V:/dp:)r is difficult to evaluate. Instead, evaluate.(0p,/0V;)1: and
use the inverse rule.

Some models of paint-ball guns use capsules of compressed carbon dioxide to fire projectiles
with muzzle velocities of about 100 meters per second. After firing a few shots, the carbon
dioxide pressure might be expected to drop, causing lower velocities and poor accuracy. Yet
consistent muzzle velocities are maintained until the capsules are almost empty. Explain.

A 50.0 L tank contains butane (Tc=425K, p.=38.0 bar) at 450 K and 42.0 bar.

a) Calculate the number of moles of butane in the tank using the ideal gas law. Why is this
calculation likely to be inaccurate?

b) Use the corresponding-states graph given below to calculate:
i) the compression factor Z

ii) an accurate value for the number of moles of butane in the tank
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