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

Second Midterm Examination March 11, 2012
This exam has 4 (four) pages. READ the question carefully! Answer ALL questions,
except possibly 1b, 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. Third Law 2 marks (part a; 1.5 bonus mark (part b)
(a) Provide a concise verbal statement of the Third Law of Thermodynamics.

(b Bonus) Provide an alternative statement of the Third Law and prove that your two
formulations are equivalent.
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2. Phase and phase equilibrium 5 marks

(a) In the context of the “phase rule”, what are “thermodynamic degrees of freedom™?
(Definition.)

(b) If two phases are in equilibrium with each other, what follows for the chemical potentials?
(¢) Determine the number of the thermodynamic degrees of freedom for the following system:
A closed bottle of carbonated water. (Assume that carbonated water contains CO,
dissolved in pure water. Assume further that some gas has collected at the top of
the bottle.)
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3. Free energies 5 marks

Consider 1.50 mol of an ideal gas at 400.K and 1.00 atm pressure. This gas is compressed
reversibly and at constant temperature to a final pressure of 2.00 atm. For this process, calculate
the Helmholtz free energy (AA) and Gibbs free energy (AG).
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4. Thermochemistry 3 marks
The hydrolysis of adenine triphosphate (ATP) to give adenine diphosphate (ADP) and phosphate
(P) can be represented by:

ATP < ADP +P
The following values have been obtained for the reaction at 37.0°C (standard state, 1M):

AG® =-31.0 kJ mol

AH" = -20.1 kJ mol
(a) Calculate AS® at 37.0°C.
(b) Calculate the equilibrium constant at 25°C, assuming that AS” and AH" are independent of
temperature.
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Total marks in this exam: 15 (regular questions); bonus marks: 1.5 (question 1b)

--- END OF EXAM ---
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