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1. Methanol melts at —-97.9 °C with an enthalpy of fusion of 3117 J/mol. [7 marks]

(a) Calculate the total entropy change for 1.45 mol of methanol freezing at its melting point.
[5 marks]

(b) The entropy change calculated in part (a) is negative. (You did get a negative entropy change,
did you not?) Because of this, some people might conclude that you can never freeze methanol
—that it would go against the second law of thermodynamics. Why are they wrong?  [2 marks]

No credit will be given for answers that amount to “because they are”. Explain why this is a
misinterpretation of the second law of thermodynamics and what the correct interpretation is.



In catalytic reforming, low-octane hydrocarbons are converted to higher-octane hydrocarbons
suitable for use as fuels. One reaction that occurs during catalytic reforming is the conversion of
heptane (C;H;s) to toluene (C¢HsCH;) and hydrogen. During the reforming process, all
reactants and products are in the gas phase.

Is this reaction thermodynamically allowed at 25 °C if the pressures of the reactants and products
are as follows: [9 marks]

e Heptane: 5.3 bar
e Toluene: 1.2 bar
e Hj: 3.0 bar

Don’t forget to start with a balanced reaction!



3. In the gas phase, toluene (C¢HsCH3) can react with itself to make benzene (C¢Hg) and xylenes
(CeH4(CH3),). [10 marks]
2 CeHsCH3(g) = CoHggy + CoHy(CH3)p(g)
At 25 °C, the equilibrium constant for this reaction is 0.16.
(a) Calculate the standard free energy of formation for xylenes. [4 marks]

(b) Calculate the equilibrium constant for this reaction at 1175 °C. [6 marks]



(a)

(b)

The following data were obtained for ammonia.

temperature (°C)

pressure (kPa)

triple point -77.75 6.060
critical point 132.41 11,357
normal boiling point -33.33
normal melting point -77.65

Sketch a phase diagram for ammonia. On your diagram, you must label:

e Dboth axes

e regions corresponding to the four states of matter discussed in class

Your sketch does not need to be to-scale; however, it must be neat and all points used to make
it must be clearly labeled. Relative values must be preserved. In other words, it must be clear
which pressures/temperatures are larger/smaller/approximately the same.

[7 marks]

[5 marks]

Which is denser, liquid or solid ammonia? Explain how you determined this based on the data in

this question.

[2 marks]



5. Consider the following unbalanced redox reaction performed in agueous base: [7 marks]

N2H4(g) + Cu(OH)z(S) - Nz(g) + Cu(s)

(a) Assign oxidation numbers to all atoms in this reaction. Write them above each atom in the

equation. [3 marks]
(b) Write a balanced equation for the oxidation half-reaction. [1 mark]
(c) Write a balanced equation for the reduction half-reaction. [1 mark]
(d) Write a balanced equation for the overall reaction. [1 mark]

(e) What is the stoichiometric coefficient for the electrons (v,)?
(Some introductory texts refer to this as n.) [1 mark]



6. Consider the following unbalanced redox reaction performed in aqueous acid: [14 marks]
CZHSOH(I) + Oz(g) - COZ(g) + HZO(I)

Equations for the two relevant reduction half-reactions are shown below:

200y + 12H{g + 12e7 = GHsOHy + 3 H,0q E° =777
Ozg) + 4Hjg + 4e” = 2H,0( E°=+1.24V
(a) Calculate E° for this reaction. [6 marks]

(b) Calculate the standard reduction potential for the oxidation half-reaction. [2 marks]



6. continued...

(c) Calculate the cell potential for the combustion reaction operating with typical atmospheric
pressures of oxygen and carbon dioxide at 25 °C: [6 marks]

e Oxygen: 0.19 bar
e Carbon dioxide: 4.1 X 10™* bar
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If you use this page for any answers, please clearly indicate which question is being answered and make
sure you note on the page for the question itself that the answer continues here.






