Name _________________               Fun with Thermodynamics
It just doesn’t get any funner!
Conceptual S Questions

1)  Predict the sign of S for each of the following reactions:

	   a) CaCO3 (s)    (    CaO(s)  +  CO2(g)

   b) 2 SO2(g)  +  O2(g)    (   2 SO3(g)

   c)  Increase in temperature of a gas at constant volume.

   d)  Increase in volume of a gas at constant temperature.

   e)  Increase in pressure of a gas at constant temperature.

   f)  Sugar dissolving in water.
	   g)  A piece of wood burning.

   h)  1 mole of nitrogen gas at STP changing to 

           100K and 760 mmHg.

   i)  Sublimation

   j)  Freezing

   k)  CH3OH(g)  (  CH3OH(l)


Calculating H-S-G for reactions using H-S-G from compounds
	2. a) Write the balanced equation for the single displacement 

         reaction of aluminum oxide reacting with hydrogen.
    b) Looking at the balanced equation, predict the sign on S.
    c) Calculate S for the reaction using the values of the 

         compounds in table QY4.7.
    d) Calculate H for the reaction using the same table.


	                   Table QY4.7

Substance

    Al2O3(s)

   H2(g)

   Al(s)

   H2O(g)

Hfo
kJ/mol

-1676
0

0
-242
Gfo
kJ/mol

?
0
0
-229
So
(J/K. mol)
51

131

28

189




Calculating G using the Gibbs Free Energy equation
3.  a) Use the answers to the previous question to calculate the G for the previous reaction (at 25oC).
     b) Is this reaction spontaneous at 25oC?  Explain.
     c) Is there a way to make it spontaneous?  Explain.

Calculating Gfo for a compound using other G data 
4.  a) Calculate the Gfo for aluminum oxide using the appropriate information.
     b) Write the equation that the Gfo you just calculated is for.  Is it spontaneous at 25oC?
G = H - TS and melting/boiling points
5.  a) Write the equation that is referred to when given the following values:

- The enthalpy of vaporization for CHCl3 is 31.4 kJ/mol


- The entropy of fusion for water is 6.01 kJ/mol
     b) If the entropy of vaporization for CHCl3 is 93.8 J/K.mol, determine the boiling point of CHCl3.
     c) Determine the thermodynamic boiling point of water using the enthalpy and entropy of vaporization,
         (Hvap = 44kJ/mol, Svap = 118.8 J/K).
     d) Bromine is one of the only two elements that is liquid at room temp. Bromine’s Hvap = 30.91kJ/mol and its 
         boiling point is 59oC. What is the entropy of vaporization for bromine?
   e) The molar heats of fusion and vaporization of argon are 1.3 kj/mol and 6.3 kj/mol, and argon's melting point 
       and boiling point are -190oC and -186oC.  Calculate the entropy changes for fusion and vaporization. 

ANSWERS
Conceptual S Questions

1)  Predict the sign of S for each of the following reactions:
   a) CaCO3 (s)    (    CaO(s)  +  CO2(g)     


+ solid to gas AND more pieces

   b) 2 SO2(g)  +  O2(g)    (   2 SO3(g) 


-  all gases, but 3 pieces to 2 pieces

   c)  Increase in temperature of a gas at constant volume.
+ increase T only = always increases entropy

   d)  Increase in volume of a gas at constant temperature.
+ increase V only = always increases entropy

   e)  Increase in pressure of a gas at constant temperature.
- increase in P of a gas means decrease in V so…

   f)  Sugar dissolving in water.



+ dissolving always increases entropy
   g)  A piece of wood burning.



+ combustion of complex hydrocarbon into many pieces

   h)  1 mole of nitrogen gas at STP changing to 100K and 760 mmHg.  - Lowering Temperature = decrease in S

   i)  Sublimation





+ solid to gas

   j)  Freezing





- liquid to solid

   k)  CH3OH(g)  (  CH3OH(l)



- gas to liquid

Calculating H-S-G for reactions using H-S-G from compounds
	2. a) Write the balanced equation for the single displacement 

         reaction of aluminum oxide reacting with hydrogen.

               1 Al2O3   +   3 H2   (   2 Al   +   3 H2O

    b) Looking at the balanced equation, predict the sign on S.

               Just considering pieces (4 going to 5) :   +

	                   Table QY4.7

Substance

    Al2O3(s)

   H2(g)

   Al(s)

   H2O(g)

Hfo
kJ/mol

-1676

0

0

-242

Gfo
kJ/mol

?

0

0

-229

So
(J/K. mol)
51

131

28

189




    c) Calculate S for the reaction using the values of the compounds in table QY4.7.

               +179 J/K
    d) Calculate H for the reaction using the same table.

              +950 kJ/K
Calculating G using the Gibbs Free Energy equation
3.  a) Use the answers to the previous question to calculate the G for the previous reaction (at 25oC).

             +897 kJ

     b) Is this reaction spontaneous at 25oC?  Explain.

             Nope:  + G

     c) Is there a way to make it spontaneous?  Explain.

    For this reaction, increasing T would eventually make G negative, so it would be spontaneous at higher temps.
Calculating Gfo for a compound using other G data 
4.  a) Calculate the Gfo for aluminum oxide using the appropriate information.

     b) Write the equation that the Gfo you just calculated is for.  Is it spontaneous at 25oC?

G = H - TS and melting/boiling points

5.  a) Write the equation that is referred to when given the following values:


- The enthalpy of vaporization for CHCl3 is 31.4 kJ/mol


- The entropy of fusion for water is 6.01 kJ/mol

     b) If the entropy of vaporization for CHCl3 is 93.8 J/K.mol, determine the boiling point of CHCl3.

     c) Determine the thermodynamic boiling point of water using the enthalpy and entropy of vaporization,
         (Hvap = 44kJ/mol, Svap = 118.8 J/K).

     d) Bromine is one of the only two elements that is liquid at room temp. Bromine’s Hvap = 30.91kJ/mol and its 
         boiling point is 59oC. What is the entropy of vaporization for bromine?

   e) The molar heats of fusion and vaporization of argon are 1.3 kj/mol and 6.3 kj/mol, and argon's melting point 
       and boiling point are -190oC and -186oC.  Calculate the entropy changes for fusion and vaporization. 

