Chem 1B Test 4
Mar. 17, 2006

Useful information:

R = 8.31451 J/mol-K

Clausius said ΔS = qrev/T

Boltzmann said S=klnW where k = 1.381 x 10-23 J/K

G ≡ H-TS

ΔG = ΔGo + RTlnQ for arbitrary reaction quotient Q

2nd Law:  At constant P and T, ΔG < 0 for any spontaneous process and ΔG = 0 for a reversible process.

1. Consider the phase change “reaction” H2O(l) (( H2O(g). 

a. Using the attached table of thermodynamic quantities, approximately determine at what temperatures Kp values would be 0.80, 1.00, and 1.20 for this “reaction”. 
b. ΔHo for this phase change is actually weakly dependent on temperature and equals 40.67 kJ/mol at 100oC.  Repeat the above calculations with this corrected value of ΔHo and use it in subsequent calculations.  (Continue to ssume that ΔSo is independent of temperature.)
c.  What is Kp when the temperature is 100oC? 
d. To what physical quantity is Kp numerically equal for any liquid-gas phase change of a substance?  
e. Using the corrected value for ΔHo, estimate ΔG at 100oC for Pgaseous H2O = 0.80 atm, 1.00 atm, and 1.20 atm.  Hint:  ΔG will only be zero at equilibrium.
2. Suppose you are titrating a 0.3500 g sample of an unknown weak acid dissolved in water and diluted to 20.00mL.  You find it takes 38.52 mL of 0.2100 M KOH to reach an endpoint.  You also notice that when 19.26 mL of KOH have been added (halfway to the endpoint) the pH of the solution is 3.456.  
a. What is the molar mass of the acid? 

b. What is the pKa of the acid.  
c. What was the pH when 10.00 mL of the base had been added?  
d. What was the pH when 30.00 mL of the base had been added?  
e. What is the pH at the equivalence point?
3. In a free adiabatic expansion (no heat absorbed from or work done on the surroundings) of an ideal gas, qsys = 0 yet ΔS = qrev/T ≠ 0.  Explain…….. 
a. Is ΔS positive or negative for this process?  
b. Using the Clausius method, we calculated in class that for such an expansion of n moles of gas from Vi to Vf,  ΔS = nRln(Vf/Vi).   What kind of path did we choose to get this result from the Clausius equation?

c. Calculate ΔS for such an expansion when a mole of gas goes from Vi = 11.2 L volume to Vf 22.4 L.
d. Now use Boltzmann’s equation to derive a similar expression as in b. for ΔS for the free expansion.   Assume for an ideal gas that the number of microstates, W = a constant x VN x E3N/2 where N is the number of gas particles.
e. What is the relationship between R (the gas constant) and k (the Boltzmann constant)? 
4. Extra:  What is the probability that a mole of gas particles in an insulated closed container will spontaneously compress to occupy 50.0% of the container volume? How about to occupy 99.999% of the container volume?  What would ΔS be in each of these cases?
