Chem 1B Quiz 4
Oct. 16, 2014
[bookmark: _GoBack]8 out of 9 for 100% with worst problem counted as extra (with half credit).

Useful information:
Clausius said ΔS = qrev/T
Boltzmann said S=k.lnW where k = 1.381 x 10-23 J/K and W is the number of accessible microstates.
G ≡ H-TS so ∆G = ∆H -T∆S at constant P & T.
ΔG = ΔGo + RTlnQ for arbitrary reaction quotient Q
R = 8.31451 J/mol-K
2nd Law at constant P and T:   ΔG < 0 for any spontaneous process and ΔG = 0 for a reversible process.

1. Propanoic acid is a very smelly compound with normal melting (or freezing) point of   -21 oC.  For the melting of propanoic acid at -18oC and 1 atm:

a. is ΔS positive or negative?

b. is ΔH positive or negative?

c. is ΔG positive or negative?

d. which has greater magnitude (i.e. size independent of sign), ΔH or TΔS?

e. is the melting of propanoic acid at -20oC and 1 atm spontaneous?  How do you know?







2. Now answer the same questions for the freezing of propanoic acid at -18oC and 1 atm:

a. is ΔS positive or negative?

b. is ΔH positive or negative?

c. is ΔG positive or negative?

d. which has greater magnitude (size), ΔH or TΔS?

e. is freezing of propanoic acid at -20oC and 1 atm spontaneous?  How do you know?



3. The normal boiling point of the banned refrigerant Freon 12 (CCl2F2 with molecular mass 120.91g/mol), is -29.7oC, and its molar enthalpy of vaporization at this temperature ΔHovap is 20.2 kJ/mol.  Do not use thermodynamic tables for this problem or it will be counted wrong.


a. What is the standard molar entropy change of vaporization ΔSovap for Freon 12?





b. What is the change in entropy of the system when 25.0 g of Freon 12 gas at 1 atm condenses to liquid at its normal boiling point?   







4. Upon heating, solid ammonium nitrate, NH4NO3, decomposes to dinitrogen oxide (N2O) gas and liquid water. 

a. Write a balanced equation for this reaction.



b. What is ΔGorxn at T = 350 K?







c. What is ΔGorxn at T = 298 K?





d. Over what temperature range is this decomposition reaction favored?  Hint:  Consider the signs of ΔHorxn  and ΔSorxn and assume these quantities don’t change appreciably with temperature.
5. Now consider the dissociation of ammonium nitrate in water at 25oC:                NH4NO3(s)  NH4+ + NO3- .    Use thermodynamic data at T=298 K to calculate Ksp for the dissociation of ammonium nitrate in water at this temperature.  (Hint:  Use the connection between ΔGorxn and K.)














6. What is Ksp for the reaction in problem 5 when the temperature is 0oC?  Is the reaction endothermic or exothermic?  Hint:  ΔGorxn determined at 25oC will not work.













7. Use thermodynamic data at T = 298 K to decide in which direction the reaction 2SO2(g) + O2(g)  2SO3(g) is spontaneous when the partial pressures of SO2, O2, and SO3 are 1.0 x 10-4, 0.20, and 0.10 atm, respectively.











8. At 0oC, ice has a density of 0.917 g/mL and an absolute entropy of 37.95 J/molK.  At this temperature, liquid water has a density of 1.000 g/mL and an absolute entropy of 59.94 J/molK.  The pressure corresponding to these values is 1 bar (essentially 1 atm for practical purposes). 

a. From the above information, calculate ΔG, ΔGo, ΔSo, and ΔHo for the melting of one mole of ice at its normal melting point.  Do not use thermodynamic tables for this problem or it will be counted wrong.  Answer is also wrong if the sign is wrong.












b. What is the heat of fusion for water ice in J/g at this temperature? Again you don’t need thermodynamic tables for this problem.






















9. The relationship between the temperature of a reaction, its standard enthalpy change, and the equilibrium constant at that temperature can be expressed in the following equation:           ln(K) = - ΔHo/RT  + constant

a. Explain how this equation can be used to determine ΔHo experimentally from the equilibrium constants measured at several different temperatures.












b. Derive the above equation from preceding equations at the beginning of this test.  Hint:  First derive the equation relating ∆Go to the equilibrium constant.  Then assume that ΔHo and ΔSo are constant over the temperature range of interest.












c. What is the constant equal to?




