Chemistry 231 Test 2 (17 November 2017) Name:

o please answer all 5 questions in the spaces provided * all questions are of equal value
¢ you have two hours to write this test * no books or notes are allowed
e a calculator and the equation sheets provided may be used * no marks for unreadable answers

1. 25.0 L of ideal gas initially at 4.00 bar and 300 K expands i _,Ethermally against an external pressure
of 1.00 bar to a final volume of 100.0 L. cohg
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¢} Calculate g, AU and AH.
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d) Use the values of and AS to prove the expansion is spontaneous.
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2. a) For areversible Carnot engine: 9c [ 9n 0. How did this result help lead to the discovery
of entropy? T; c T -
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b) The Lingan Station on Cape Breton generates one quarter of Nova Scotia’s electricity. 4000 tons
of coal are burned per day, providing 1.2 x 10'* J of heat (gn) at 570 K (T%) to run steam turbines
producing 5 x 10" J (-w) of electrical work per day. Seawater at 290 K (7¢) is used for cooling,

i) Calculate the efficiency ¢ of the turbines.
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ii) Are the turbines operating reversibly? Justify your
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iif) How much heat is absorbed by the seawater per day?
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iv) Water boils at 1 bar and 373 K. Why is high-pressure steam (50 bar at 570 K) used to
run the turbines?
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Calcium carbonate (CaCOs) is found in nature in two different crystalline forms: aragonite
(found in the Aragon region of Spain) and calcite, Calorimetric data at 25 °C and 1 bar:

AHg°(aragonite) = —1207.13 kJ mol™! Sw’(aragonite) = 88.7 J K~! mol™!
AHgi (calcite) = —1206.92 kJ mol™! Sm°(calcite) = 92.9 JK~! mol™!

a) The values of Sn°(aragonite) and 5i,°(calcite) are absolute entropies, not entropies of
formation. How are absolute entropies measured?
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b) Calculate AHR®, ASx® §d AGx® at 25 °C for the reaction

CaCOs(s, aragonite) — CaCOa(s, calcite)
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¢) Which form 6T calcium carbonate 1s stable at 25 °C and 1 bar? Justify your answer.
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d) To decide which form of calcium carbonate is more stable, why not just wait to see if
aragonite spontancously converts to calcite or calcite spontaneously converts to aragonite?
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e¢) This question illustrates that calorimetric data can be used to predict whether or not a reaction
is spontaneous without carrying out the reacrzon Why is the result 1mportant‘7
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This question refers to the reaction 2HgO(s) = 2Hg(/) + Oa(g) with equilibrium constant K = pos.
Experiments give InK = 26.05 — (21850 K) % for InK as a function of 1/T.

a) Show AHR® = 181.7 kJ mol™}, independent of the temperature.
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b) Calculate K at 25 °C. Use the value of X to calculate AGam°(HgO, s) at 25 °C.
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¢) Show HgO(s) is stable in air (po2 = 0 20 bar) at 55 °C: S
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d) Calculate the decomposition temperature of HgO(s) heated in air.* %
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*This vivid chemical reaction (frequently performed by medieval alchemists for their research sponsors) converts bright red
mercuric oxide to oxygen and shiny droplets of quicksilver (liquid mercury).
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5.

a) At 400 °C the equilibrium constant for the reaction N2(g) + 3Hz(g) = 2NHs(g) is 0.00016.

A tank contains N2, H2 and NH3 at 400 °C and respective pressures 4.00 bar, 2.00 bar, 0.050 bar.
Show the gas mixture is not at equilibrium and give the direction of the spontaneous reaction.
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b) Changing variables converts the van der Waals equation from p= VRTb - Va 5
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ii) Useeqn.1-to calculate the prcssure in a tank containing CO; at 350 K and a molar
volume of 0.120 L mol~'. For COy: pc = 73.8 bar, Vmc =0.0941 L mol™}, 7. = 304 K.
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