
"The world of chemical events is like a stage on which scene after scene is enacted in a
continuous succession. The players on this stage are the elements. To each of them is assigned a
characteristic role, either that of supernumerary or that of an actor playing a part."

Clemens Alexander Winkler, 1897
Almost all the chemical processes which occur in nature ... take place between substances in
solution." Friedrich Wilhelm Ostwald, 1890
(Nobel Prize for Chemistry in 1909 "in recognition of his work on catalysis and for his
investigations into the fundamental principles governing chemical equilibria and rates of reaction".)

4.11 – Balancing Oxidation-Reduction Equations
4.12 – Simple Oxidation-Reduction Titrations

EXAM Monday at 12:00 Z Ch 1-4
NO statistics, historical atomic theory, Z Ch 4.7apology for M lecture

Chem Rxs, Stoich_____________ Z Ch 2.9, 4; H Ch 1-2, 1-3, 7-1, 7-2, 16-4−16-6



Identifying Redox (Reduction/Oxidation) Reactions

species that is oxidized (reducing agent)

species that is reduced (oxidizing agent)

OXIDATION
oxidation number increases
loses electrons
reducing agent

REDUCTION
oxidation number decreases
gains electrons
oxidizing agent

REVIEW FROM WEDNESDAY
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Working with Oxidation Numbers

EX 14. The alkali metals react with water, evolving hydrogen gas.
2 Na(s)  +  2 H2O(l)    →   2 NaOH(aq)  +  H2(g)

What is being oxidized, what is being reduced, and how many moles of
electrons are transferred?

OX: 2 Na (0) -> 2 Na (+); ∆ON = +2 – 0 = 2 => lost 2 moles of e−

RED: 2 H (+) -> H2 (0); ∆ON = 0 – 2 = -2 => gained 2 moles of e−

two moles of electrons transferred in this reaction

REVIEW FROM WEDNESDAY



Balancing Redox Reactions

* for basic  react-
ion neutralize H+

with OH-

(use oxidation numbers and include 
electrons in half-reactions)

(use oxidation numbers and include 
electrons in half-reactions)

* for basic  react-
ion neutralize H+

with OH-

*add these steps for 
a basic reaction

Basically two ways to balance:

1. start with electrons in half-
reactions determined from
oxidation numbers

OR

2. use electrons to balance
charge after all elements
balanced

MUST OBTAIN
HALF REACTIONS



Balancing Redox Reactions

EX 16. Balance in acidic solution
MnO4

−(aq)  +  Fe2+(aq)   →   Mn2+(aq)  +  Fe3+(aq)_________________
( Fe2+ →   Fe3+ +  e− )  ⨯  5

MnO4
− +  5e− →   Mn2+

+  4 H2O 
+  8 H+

_______________________ 
( MnO4

− +  8 H+ +  5e− →   Mn2+ +  4 H2O ) ⨯  1

BALANCED: 5 Fe2+ +  MnO4
− +  8 H+ →   5 Fe3+ +  Mn2+ +  4 H2O 

OX

(balance H with H+)
(balance O with water)

(balance electrons)

RED



Balancing Redox Reactions

EX 16. Balance in acidic solution
SO2(aq)  +  Cr2O7

2−(aq)   →   Cr3+(aq)  +  SO4
2− (aq)_________________

SO2 → SO4
2− +  2e−

+  2 H2O         ________________________________ 
( SO2 +  2 H2O   → SO4

2− +  4 H+ +  2e− ) ⨯  3
Cr2O7

2− +  6e− →   2 Cr3+

+  14 H+ +  7 H2O__________________________________ 
(Cr2O7

2− +  14 H+ +  6e− →   2 Cr3+ +  7 H2O ) ⨯  1

BALANCED: 3 SO2 + Cr2O7
2− +  2 H+ →   3 SO4

2− +  2 Cr3+ +  H2O 

OX

RED

+  4 H+

+  14 H+



Balancing Redox Reactions (without ON Numbers)

EX 16. Balance in acidic solution
SO2(aq)  +  Cr2O7

2−(aq)   →   Cr3+(aq)  +  SO4
2− (aq)_________________

SO2 →  SO4
2−

+  2 H2O         ________________________________                          
SO2 +  2 H2O  →  SO4

2− +  4 H+

Cr2O7
2− →  2 Cr3+

+  14 H+ +  7 H2O__________________________________ 
Cr2O7

2− +  14 H+ →  2 Cr3+ +  7 H2O

BALANCED: 3 SO2 + Cr2O7
2− +  2 H+ →  3 SO4

2− +  2 Cr3+ +  H2O 

OX

RED

(charge on left = 0) (charge on right = +2 => + 2e− )

(charge on left = +12 => + 6e−) (charge on right = +6)

+  4 H+

+  14 H+



Balancing Redox Reactions

EX 17. Balance in basic solution
Ag(s)  +  CN−(aq)  +  O2(g)   →   Ag(CN)2(aq)_________________

Ag   → Ag(CN)2 +  2e−

+  2 CN−________________________________ 
(Ag  +  2 CN− → Ag(CN)2 +  2e− ) ⨯  2

O2 +  4e− →   2 H2O
+  +  4 H+__________________________________ 

(O2 + 2 H2O +  4e− →   4 OH−) ⨯  1

BALANCED: 2 Ag + 4 CN− + O2 + 2 H2O →  2 Ag(CN)2 + 4 OH−

OX

(4 H+ + 4OH- =  4 H2O)+  4 OH−4 OH−4 H2O   =   

RED

can only add H+, OH-, H2O



Oxidation Reduction Titrations

EX 18. How many moles of CH2O form when 37 mL of 0.52 M Cr2O7
2−

reacts with excess CH3OH according to

Cr2O7
2− +  8 H+ +  3 CH3OH   →   2 Cr3+ +  3 CH2O  +  7 H2O

nCH2O =  3 nCr2O72−

=  3 (VM)Cr2O72−

=  3(0.037)(0.52)
= 0.05772  =>  0.058 mol

+6   -2                                  -2 +1 -2 +1                                      0 +1 -2 

37 mL                                                                                        x moles
0.52 M



Oxidation Reduction Titrations

EX 19. The iron in a 1.026 g sample of ore is quantitatively all converted to
Fe(II) and then titrated with 0.0195 M KMnO4. If 24.35 mL is required to
reach the endpoint what is the mass percent iron in the ore? (M = 55.845)
MnO4

− (aq)  +  5 Fe2+(aq)  +  8 H+(aq) →  Mn2+(aq)  +  5 Fe3+(aq)  +  4 H2O(l)

nFe2+  =  (m/M)Fe =  5 nMnO4- =  5 (VM)MnO4-

mFe =  5 MFe(VM) MnO4-

=  5 (55.845)(0.02435)(0.0195)
=  0.13258

=>  wt%  =  0.13258 (100) / 1.026  = 12.9 % iron 

24.35 mL              1.026 g
0.0195 M
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