
AP CHEMISTRY 
 

TOPIC 9: THERMODYNAMICS, PART C,         EXAMPLES, PART II Day 110: 

 • Bond Energy • Third Law of Thermodynamics   • Gibbs Free Energy 

 
Example #1:  Calculate the entropy change for the reaction shown below (assume the reaction takes place at 25 0C ). 

2 SO2 (g)  +  O2 (g)  →  2 SO3 (g)  
 The standard molar entropy values for the substances in the reaction are in the table:   
 
 

∆S0
   =  ∑ ∆S0 (products)  -  ∑ ∆S0 (reactants) 

∆S0
   =  [ 2 ∆S0 ( SO3 ) ]  -  [ 2 ∆S0 (SO3 )  +  3 ∆S0 ( O2 ) ] 

0 1 1256.7 248.1 205.02 2 187.8J J JS J
mol K mol K mol K

mol K− −⎡ ⎤ ⎡ ⎤⎛ ⎞ ⎛ ⎞ ⎛ ⎞∆ = − + = −⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎢ ⎥ ⎢ ⎥⋅ ⋅ ⋅⎝ ⎠ ⎝ ⎠ ⎝ ⎠⎣ ⎦ ⎣ ⎦
 

 

 

Example #2:   
 
 Using the bond ener

togenerate Freo
 

CH
 

4 C – H   +   2 

∆H0 
B.E.  =  Σ  B
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⎡ ⎛ ⎞ ⎛∆ = +⎜ ⎟ ⎜⎢ ⎝ ⎠ ⎝⎣
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

gies ( from the table ) calculate the  ∆H  for the reaction of methane with 
n-12 ( CF2Cl2 )  

4 (g)  +  2 Cl2 (g)  +  2 F2 (g)  →  CF2Cl2 (g)  +  2 HF (g)  + 2 H

Cl – Cl  +   2 F – F   →  [ 2  C – F  +  2  C – Cl ]  +  2 H 

ond energies of bonds broken  (Reactants )  -  Σ  Bond energies of bonds 

. . Reactants ProductsB EH∆ = −∑ ∑  
 

39 154 485 339 565 4272 2 2 2 2kJ kJ kJ kJ kJ
mol mol mol mol mol m

⎡⎤ ⎡ ⎤⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛+ − + + +⎢⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜⎥ ⎢ ⎥⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝⎦ ⎣ ⎦⎣
 J mol-1 K-1

SO2 (g) 248.1 
SO3 (g) 256.7 
O2 (g) 205.0 
chlorine and fluorine 

Cl (g)

– F  +  2 H – Cl 

formed (Products) 

11194kJ kJ mol
ol

−⎤⎞ = −⎥⎟
⎠⎦



Example #3: 
 
 Calculate the standard free energy change for the complete combustion of methane, CH4, at 25 0C. 

CH4 (g)  +  2 O2 (g)  →  CO2 (g)  +  2 H2O (l)  
 

compound ∆G0
   ( kJ  mol-1 ) 

O2 (g) 0 
H2O (l) -237.2 
CO2 (g) -394.4 
CH4 (g) - 50.8 

ANSWER: 
∆G0

   =  ∑ ∆G0 (products)  -  ∑ ∆G0 (reactants) 
 

∆G0
   =  [ ∆G0 ( CO2 )  +  2 ∆G0 ( H2O ) ]  -  [ ∆G0 ( CH4  )  +  2 ∆G0 ( O2 ) ] 

 

0 1394.4 237.2 50.8 02 2 818kJ kJ kJ kJG k
mol mol mol mol

J mol−⎡ ⎤ ⎡ ⎤− − −⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞∆ = + − + = −⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎢ ⎥ ⎢ ⎥⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠⎣ ⎦ ⎣ ⎦
 

 
∆G0

   <  0,        The reaction is spontaneous. 
 

∆G0
   <  0 
 

The reaction is spontaneous. 
 

Example #4:   You try it… 
 
 Calculate the ∆G0, for the reaction of aluminum with iron(III) oxide. 
 

2 Al (s)  +  Fe3O2 (s)  →  Al2O3 (s)  +  2 Fe (s)  
 

compound ∆G0
   ( kJ  mol-1 ) 

Fe3O2 (s) -740.98 
Al2O3 (s) -1576.5 

 ANSWER: 
∆G0

   =  ∑ ∆G0 (products)  -  ∑ ∆G0 (reactants) 
 

∆G0
   =  [ ∆G0 ( CO2 )  +  2 ∆G0 ( H2O ) ]  -  [ ∆G0 ( CH4  )  +  2 ∆G0 ( O2 ) ] 

 

0 11576.5 0 740.98 02 2 835.5kJ kJ kJ kJG k
mol mol mol mol

J mol−⎡ ⎤ ⎡ ⎤− −⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞∆ = + − + = −⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎢ ⎥ ⎢ ⎥⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠⎣ ⎦ ⎣ ⎦
 

 
∆G0

   <  0 
 

The reaction is spontaneous. 
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