
Chemistry 103 Spring 2010 
 
Today 
1.  Gibbs free energy and equilibrium 
2.  Leftovers. 
 
 
 
Announcements 
1.  Ch. 14-17 OWL homework is active. 
2. Next midterm exam on Wednesday, May 19. 

Chapter 16 and Chapter 17 (note 17.8-17.10 
are mostly ideas) 

 
3.  CSULA closure on May 21 (furlough). 
4. CSULA closure on May 31 (holiday). 
5.  Bring textbook and calculator to each lecture. 
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Review 
 
The free energy of the universe is constantly 
being dispersed and decreasing as the entropy of 
the universe is constantly increasing. 
 
Processes that decrease free energy (ΔGsystem < 0) 
are favored because they increase the entropy of 
the universe: ΔGsystem = -TΔSuniverse by definition. 
ΔGsystem < 0 (decrease) => ΔSuniverse > 0 (increase) 
 
Algebraically re-arranging this definition yields: 
ΔGsystem = ΔHsystem  –  TΔSsystem , where all 
variables are in terms of the system (the process 
or reaction). 
 
What conditions favor ΔGsystem < 0? 
 
    ΔHsystem    ΔSsystem  ΔGsystem < 0 
  –  (exothermic)   + (increase)  always 
  –  (exothermic)   – (decrease)  low T 
  +  (endothermic)   + (increase)  high T 
  +  (endothermic)   – (increase)  never 
 
See Table 17.2 and Fig. 17. 7 for the effect of T. 
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Effect of temperature on free energy change 
 
Example: melting of ice at high vs. low T 
Calculate the standard free energy change for the 
melting of ice at 25 ºC and at -10 ºC.  Do the 
values make sense? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 17.7 shows a specific temperature at which 
ΔG goes from positive (process is not favored) 
to negative (process is favored). 
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Example: Calculate the minimum temperature at 
which the melting of ice is favored. 
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Practice:  Calculate the temperature at which  
2CO(g)  +  O2(g)   2CO2(g) becomes favored.  
To favor products, should this reaction be run 
above or below this temperature? 
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You must consider whether entropy increases or 
decreases to determine whether the process is 
favored at high or low temperatures.   
 
Alternatively, you can solve for T using the 
inequality ΔG = ΔH  –  TΔS < 0, but keep 
careful track when manipulating the inequality. 
 
Note: We are using standard values that are 
precisely valid only at 25 ºC.  These tabulated 
values change with temperature.  However, ΔH 
and ΔS stay nearly constant over a wide range 
of temperatures, so in CHEM 101-103, we are 
assuming that we can use the standard values at 
temperatures other than 25 ºC. 
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Gibbs free energy and equilibrium 
 
So far in Chapter 17, we have discussed 
processes (reactions) as if they were all 
non-equilibrium processes. 
 
Actually, we (instructors, textbook authors, 
students) “should” show most reactions as 
equilibrium reactions. 
 
Theoretically, all reactions have some 
probability of going in the reverse direction 
(products to reactants). 
 
The free energy change shows the likelihood of 
a process being an equilibrium process and the 
extent to which the process favors products or 
reactants. 
    extent of equilibrium  K  
1. ΔG < 0 
2. ΔG << 0 
3. ΔG = 0 
4. ΔG > 0 
5. ΔG >> 0 
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A process that decreases Gibbs free energy (ΔG 
< 0) favors products. 
 
A process with an equilibrium constant greater 
than 1 (K > 1) favors products.  Remember, 
K = [products]/[reactants]. 
 
These observations are not coincidence: 
 
ΔGº = -RTlnKº     R = gas constant 

= 8.314 J/mol-K 
 
If Kº > 1, then lnKº > 1, and ΔGº < 0. 
If Kº = 1, then lnKº = 0, and ΔGº = 0. 
If Kº < 1, then lnKº < 1, and ΔGº > 0. 
(see p. 630, table in margin) 
 
For reactions that occur in solution, Kº = Kc. 
Ex: CaCO3(aq)    Ca2+(aq)  +  CO3

2-(aq) Kº = Kc 
 
For reactions that occur in gas phase, Kº = Kp. 
Ex: C(s)  +  O2(g)    CO2(g) Kº = Kp 
 
Remember, Kp = Kc(RT)Δn (Chapter 13) 
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Example: Calculate the equilibrium constant Kp 
at 25 ºC from the standard free energy change 
for the formation of water from hydrogen and 
oxygen.  Does this answer make sense?  How 
should the reaction arrow be written? 
 
2H2(g)  +  O2(g)   2H2O(g) 
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Practice: Calculate the equilibrium constant Kc 
at 25 ºC from the standard free energy change 
for the reaction below.  Does this answer make 
sense?  How should the reaction arrow be 
written? 
 
H2CO3(aq)    H+(aq)  +  HCO3

-(aq) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chemistry 103 Spring 2010 

 11 

Thermodynamic calculations 
 
As with all calculations using equations, it is 
possible to calculate any variable in the 
equation, if you are directly given the other 
variables or indirectly given a way to determine 
the other variables. 
 
pH = -log[H3O+] 
 
ΔG°rxn = ΣnΔG°f(products) - ΣnG°f(reactants) 
 
ΔS°rxn = ΣnS°(products) - ΣnS°(reactants) 
 
ΔH°rxn = ΣnΔH°f(products) - ΣnH°f(reactants) 
 
ΔG°rxn = ΔH°rxn –  TΔS°rxn 
 
ΔGº = -RTlnKº 
 
and others … 
 
The key is to identify the unknown variable and 
the variables that are given (either directly or 
indirectly). 
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State functions and pathways 
Because changes in enthalpy, entropy, and free 
energy are state functions, we can use any 
pathway to calculate the change in enthalpy, 
entropy, and free energy of an overall reaction. 
 
Hess’s Law: ΔH for a process is equal to the 
sum of ΔH for any set of steps, i.e., for any path 
that equals the overall process.  (also works for 
ΔG and ΔS because they are state functions, too) 
 
Often the steps are the formation reactions to 
make substances in their standard states.  The 
ΔH°f , S° , and ΔG°f values for these reactions 
are easily determined through experiments: 
ΔG°rxn = ΣnΔG°f(products) - ΣnΔG°f(reactants) 
ΔS°rxn = ΣnS°(products) - ΣnS°(reactants) 
ΔH°rxn = ΣnΔH°f(products) - ΣnΔH°f(reactants) 
 
If we have data from other reactions, we could 
use those steps to build a different pathway to 
the overall reaction: 
ΔG°rxn = ΔG°rxn1 + ΔG°rxn2 + … = ΣnΔG°rxns 

ΔS°rxn = ΔS°rxn1 + ΔS°rxn2 + … = ΣnΔS°rxns 
ΔH°rxn = ΔH°rxn1 + ΔH°rxn2 + … = ΣnΔH°rxns 
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Example: ΔH°rxn = ?      ΔS°rxn = ? ΔG°rxn = ? 
H2CO3(s)   CO2(g)  +  H2O(l)  
 
We will use formation reactions to build the 
overall pathway because we have the formation 
values (ΔH°f , S°, and ΔG°f are all in a table): 
1. H2(g)  + C(s)  +  3/2 O2(g)    H2CO3(s)       
2. C(s)  +  O2(g)    CO2(g) 
3. H2(g)  + 1/2 O2(g)    H2O(l) 
 
-1. H2CO3(s)   H2(g)  + C(s)  +  3/2 O2(g) 
2. C(s)  +  O2(g)    CO2(g) 
3. H2(g)  + 1/2 O2(g)    H2O(l)     
    H2CO3(s)   CO2(g)  +  H2O(l) 
 
Now we can use … 
ΔG°rxn = ΣnΔG°f(products) - ΣnΔG°f(reactants) 
ΔS°rxn = ΣnS°(products) - ΣnS°(reactants) 
ΔH°rxn = ΣnΔH°f(products) - ΣnΔH°f(reactants) 
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Announcements 
1.  Ch. 14-17 OWL homework is active. 
2. Next midterm exam on Wednesday, May 19. 

Chapter 16 and Chapter 17 (note 17.8-17.10 
are mostly ideas) 

 
3.  CSULA closure on May 21 (furlough). 
4. CSULA closure on May 31 (holiday). 
5.  Bring textbook and calculator to each lecture. 
 
Extra Chapter 16 Problems: 1-9, 12-37, 40-53, 
61-73, 75, 77, 83. 
Extra Chapter 17 Problems: 1-11, 14, 16-43, 46-
55 and 56-65, 68, 74-78, 81-92, 95. 
 
Before next class, 
1. Study Chapter 17. 
2. Work on OWL HW. 
3. Read 5.3-5.4 and 18.1. 
 


