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UNIVERSITY OF MANITOBA, DEPARTMENT OF CHEMISTRY
Chemistry 2290, Winter 2012, Dr. H. Georg Schreckenbach

First Midterm Examination February 13, 2012
This exam has 4 (four) pages. READ the question carefully! Answer ALL questions,
except possibly 1c, which is a bonus question that may earn you one extra mark. Most
questions have multiple parts. Note that the questions aren’t necessarily ordered by
difficulty or by any other criteria.

If you use pencil, your exam will not be remarked! For numerical problems, all
mathematical steps must be shown. Please answer all questions on the question
sheets. Use reverse side or extra paper if more space is needed. On any extra sheet,
please indicate your name and student ID number, please.

1. Reversible and irreversible processes 3 marks (parts a and b; 1 bonus mark (part c)
(a) In the context of thermodynamics, what is a “reversible process’? (Definition.)

(b) Give an example of an irrereversible process.

(¢ Bonus) Provide a formal proof of the Clausius inequality.
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2. Phase transition 4 marks
A certain material is observed to have a phase transition between the crystaline phase and the
liquid crystalline phase at a temperature of 424.9 K. The observed enthalpy of the phase
transition is 80.1 J/g (that’s Joules per gram). The densities at this temperature are 0.8361 g/cm®
for the crystalline phase, and 0.871 g/cm’ for the liquid crystal phase.

Given atmospheric pressure (1.00 atm) and the equilibrium temperature of the phase
transition (i.e. 424.9 K), calculate the volume change AV, the entropy change AS, the change in
internal energy AU and the change in enthalpy AH for the phase transition of 2.50g of this
substance from the crystalline state to the liquid crystal state.
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3. Ideal gas

3 marks
Using the ideal gas law, calculate the average molar mass of air at sea level (assume 1.00 atm
pressure and 0.00°C) if the density of air is 1.292 g L' (value taken from Wikipedia.orgl -
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4. Entropy 4 marks
(a) Give a brief description of the microscopic interpretation of the entropy. lllustrate your
explanation using the change of entropy during the vaporization of a liquid as an example.

(b) State how “entropy” could be used to find the direction of spontaneous change, for instance,
whether a chemical reaction goes spontaneously in the forward or backward direction.
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Total marks in this exam: 14 (regular questions); bonus marks: 1 (question 1c¢)

--- END OF EXAM ---
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