
Chemistry 103 Spring 2010 
 
Today 
1.  State functions. 
2.  Redox reactions. 
 
 
 
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 
 
ΔGº = -RTlnKº 
 
Calculate the equilibrium constant Kc at 25 ºC 
from the standard free energy change for the 
reaction below. 
 
H2CO3(aq)  H+(aq)  +  HCO3

-(aq) 
 
Kº =  4.35 x 10-7 = Kc = Ka = [H+][HCO3

-]/[H2CO3] 
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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) 
 
Note this is really the same as … 
ΔG°rxn = ΔG°rxn1 + ΔG°rxn2 + … = ΣnΔG°rxns 

ΔS°rxn = ΔS°rxn1 + ΔS°rxn2 + … = ΣnΔS°rxns 
ΔH°rxn = ΔH°rxn1 + ΔH°rxn2 + … = ΣnΔH°rxns 
 



Chemistry 103 Spring 2010 

 5 

Redox reactions 
 
An acid-base reaction involves the transfer of 
protons (H+) from the acid to the base. 
 
A redox reaction involves the transfer of 
electrons (e-) from a reducing agent to an 
oxidizing agent.  Another common name: 
oxidation-reduction reaction. 
 
The common charges associated ions of 
elements give a clue about the number of 
electrons transferred. 
 
Group     Usual charge of ion* 

alkali metals     +1 ions 
alkaline earth metals    +2 ions 
halogens     -1 ions 
oxygen group    -2 ions 
*sometimes they have other charges 
 
The charge of an atomic ion is also known as the 
oxidation number. 
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Example:  2 Na(s)  +  Cl2(g)    2 NaCl(s) 
 
2Na    2Na+  +  2e- 
 
 
 
 
Cl2  +  2e-    2 Cl- 
 
 
 
Where are the electrons transferred? 
 
 
What is the reducing agent?  Oxidizing agent? 
 
 
 
How do the oxidation numbers change? 
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A redox reaction involves the transfer of 
electrons (e-) from a reducing agent to an 
oxidizing agent. 
 
Thus, a redox reaction changes the oxidation 
number of each agent.  The reducing agent 
decreases (reduces) the oxidation number of its 
partner agent.  The oxidizing agent increases the 
oxidation number of its partner agent. 
 
reduction: a partial process, known as a half-
reaction, in which electrons are gained and 
oxidation number decreases. 
 
oxidation: a partial process (half-reaction) in 
which electrons are lost and oxidation number 
increases. 
 
A reducing agent loses electrons and is itself 
oxidized by the oxidizing agent. 
 
An oxidizing agent gains electrons and is itself 
reduced by the reducing agent. 
 
These terms might be confusing at first. 



Chemistry 103 Spring 2010 

 8 

We can use oxidation numbers for molecular 
reactions, not just ionic reactions. 
 
Example:  Identify the change in oxidation 
number for each element, and identify which 
element is reduced and which element is 
oxidized. 
 
2 H2(g)  +  O2(g)   2 H2O(g) 
 
 
 
 
 
Write the reduction half-reaction and the 
oxidation half-reaction. 
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Practice: Give the oxidation number for each 
atom, and write the reduction half-reaction and 
the oxidation half-reaction for: 
 
 2 Fe(s)  +  3 Cl2(g)    2 FeCl3(s) 
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Reduction and oxidation always happen 
together.  When one substance is reduced (gains 
electrons), then another substance is oxidized 
(loses electrons). 
 
A redox reaction requires each half-reaction to 
take place, and the net (overall) redox reaction is 
the sum of the two half-reactions. 
 
Example: 2 Na(s)  +  Cl2(g)    2 NaCl(s) 
 
     half-reaction: 
Na    Na+  +  e- 
 
     half-reaction: 
Cl2  +  2e-    2 Cl- 
 
There can be no leftover electrons, so in order to 
add the two half-reactions, … 
 
oxidation: 
 
reduction:           
 
net reaction: 
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Practice: Write the oxidation and reduction half-
reactions for the net redox reaction below, and 
show that their sum equals the net reaction. 
 
2 Al(s)  + 2 Zn2+(aq)    2 Al3+(aq)  +  3 Zn(s) 
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How can we write half-reactions and add them 
for a more complicated reaction and/or an 
unbalanced reaction? 
 
H2C2O4(aq)  + MnO4

-(aq)  Mn2+(aq)  + CO2(g) 
 
First, identify the two half-reactions by checking 
oxidation numbers, and write incomplete half-
reactions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
This step is the most important.  There are two 
common ways to continue, but the textbook only 
shows one method. 
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We will finish up this example next time. 
 
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 5.3-5.4, 18.1. 
2. Work on OWL HW. 
3. Read 18.2-18.4. 
 
 
 


