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Assigning Oxidation Numbers

This is a more complete set of rules than your text book. It always works.

Use these rules in order.

The sum of all oxidation numbers of all elements = charge on substance

| Oxidation Number: | Examples:

I
E Atoms in their elemental state ! =0 ! Fe,H,, O, I'
E Monatomic ions ] =charge , I Fl‘, Nali Fe}:'f
IN COMPOUNDS
E Group 1A =+] ! NaCl, KNO,
[4.[Group 2A IL =+2 ” MgO |
[5][Fluorine _ [ =-1 | HF,CF |
6.||Hydrogen =+] H,0
7.|Oxygen =.2 S0O,, HCIO,
[8.]|Group 7A I = | Ha |
& Group 6A = PbS,
Try these:

2- 1- 1-
SO,, HCIO,, SO;, PCI;, NO,, $O,%, NO;*, NO, %", CIF,, F,
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Balancine Oxidation-Reduction Reactions

1. Assign oxidation numbers.
2. Separate into oxidation and reduction half reactions.

3. Balance each half reaction using the following steps:
a. Balance all elements except oxygen or hydrogen.
b. Balance oxygen by adding H,0.

c. Balance hydrogen by adding H*.
d. Balance charge by adding electrons:
Electrons go on the RIGHT (product side) for OXIDATION reactions.
Electrons go on the LEFT (reactant side) for REDUCTION reactions.
e. In BASIC solution, do this additional step:

For every H', add OH" to BOTH sides of the reaction.
Combine H" + OH" into HO..
Cancel out any waters that appear on both sides.

You should now have a balanced half reaction.
4. Multiply balanced .haif reactions so an equal number of electrons are consumed and produced.
5. Add together half reactions. |
6. Clean up. Combine identical subétaﬁées z:-nd reduce coefficients to the lowest terms.

7. CHECK! Atom and charge must balance. i
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T-151 Fig. 20.5 Voltaic Cell
Fig. 20.6 Terminology Used in Describing Voltaic Cell

Switch

NG

Voltmeter

Cu
cathode

Zn(s) —>Zn?* (aq) + 2e~ Cu?* (ag) +2e™ — Cu(s)

Movement of cations

o

~ Movement of anions

Electron flow

Anode compartment Cathode compartment
Oxidation occurs Reduction occurs

e © 1997 by Prentice-Hall, Inc.
CHEMISTRY: The Cantral Science 7/e Simon & Schuster/A Viacom Company
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APPENDIX
Standard Reduction (Electrode) Potentials at 25° C

Half-cell reaction Eo (volts)
. F,+2e>2F 2.87
Ce* +e=> Ce* 1.61
MnO; + 8 H"+ 5e - Mn* +4H.0 1.51
Cl, + 2¢ > 2Cl- 136
Cr.0.* + 14 H + 6e > 2CC* + TH,0 1.33
0, + 4H" + 4e > 2H,0 1.229
Br, + 2e > 2Br 1.08
NO,-+4H' +3¢ S NO+2H,0 0.96
2Hg* +2¢ > Hg,?* 0.920
He™ +2e > Hg 0.855
O,+4H" (10" M) +4e > 2H,0 0.82
Agt+e > Ag 0.799
Hg,* +2e > 2Hg 0.789
Fe*-+e > Fe* : 0.771
L+2 > 2 e 0.535
Fe(CN)s*_+¢ > Fe(CN),* 048 ;2. o .
‘Cu*+2e->Cu 0337
Cu** +e > Cu* 0.153
S +2H" +2¢ > HS 0.14
2H* +2e D H, 0.0000
Pb* +2e > Pb -0.126
Sn** +2e > Sn 0.14
Ni* +2e 2> Ni -0.25
Co* +2e > Co -0.28
Cd*+2¢ > Cd 0403
C*t+e>Cr . s 041
2H,0 +2e > H, +20H (10" M) - 041
Fe* +2e > Fe 0.4
Cr* +3¢=2>Cr 0.74
Zn* +2e>Zn ' -0.763
2H,0 +2¢ > H, + 20H" 0.83
Mn* +2e <> Mn -1.18
AP* +3e > Al -1.66
Mg* +2e > Mg 237
Na"+e>Na _ 2714
K'+e2K - -2.925

Li*+e->Li -3.045



Chapter 19 Electrochemistry Math Summary

elating Standard Cell Potential to Standard Half Cell Potential
E°cctii=E oxidation + E’reduction (standard conditions assume 1.0 M concentrations)

Relating Half Cell Potentials when Written in Opposite Directions
E°x =-E°ed for half reactions written in opposite directions

Relating Standard Cell Potentials to AG
AG® = -nFE’ ey (to give answer in kJ, use F = 96.485)

F = 96,500 C/mol
n=number of electrons transferred

Relating Actual Cell Potential to Standard Cell Potential when Concentrations aren't 1.0-M
=11 = E°el1 -[0.0592/n] log Q (Q = ratio of actual concentrations)

elating . tandard Cell Potential to Equilibrium Constant
log K = nE%0.0592

' ~Relating Aciial Cell Pofential to Achial C

Ecen = -[0.0592/n] logQ ~ for concentration cells, where anode and cathode differ only in

concentration, but otherwise have same ions

Relating # of Moles of Electrons Transferred as a Function of Time and Current m Electrolysis
1 mol e-=96,500 C .

moles of electrons = [current (A)-time (sec)]/96,500 for eIectrolysm moles; < current, and
time are related.

rearranged: time (sec)=(moles of clectrons)(965(}0)lcutrent (in A)
: Note: 3600 sec/hour

so time (hours)=(moles of electrons)(26.8)/current (in A)

R
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Strongest
oxidizing agent

Increasing strength of oxidizing agent ——»-

Fig. 20.10 Oxidizing/Reducing Agents
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T93  Fig. 13.6 The Dry Cell
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T94  Fig 13.7 A Lead-Acid Cell
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T95  Fig. 13.8 Fuel Cell
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T-156 Fig. 20.19 Electrolysis of NaCl
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T99  Fig. 13.13 Electrolytic Cell for the Commercial
Production of Sodium
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APPENDIX

Standard Reduction (Electrode) Potentials at 25° C

Half-cell reaction

F,+2e > 2F

Ce* +e > Ce*

MnO, +8 H'+ 5e > Mn® + 4H,0
Cl, +2¢ > 2Cl-

Cr,0;* + 14 H"+ 6e = 2Cr* + 7TH,0
0, +4H" +4¢ > 2H,0

Br, + 2e = 2Br

NO;-+ 4H* + 3¢ > NO + 2H,0
2Hg™ + 2¢ > Hg.”

Hg™ +2e > Hg

Eo (volts)
2.87

1.61

1.51

1.36

1.33

1.229

1.08

0.96

0.920

7 omdam of waltr

T ZF (10" M+ 4 > 200
" +e > Ag

0.799

Hg,»* +2¢ > 2Hg 0.789
Fe** +e > Fe™* 0.771
I,+2 >2I 0.535
Fe(CN)* +¢ > Fe(CN)* 0.48
Cu* +2¢>Cu 0.337
Cu** +e 2> Cu* 0.153
S+2H'+2¢ > HS - 0.14
@ﬂmnz—/ 0.0000__>
Pb™ +2e > Pb 0.126
Sn?* +2e = Sn 0.14
Ni** +2e>Ni - 0.25
Co* +2e 2> Co 028
i C:i:: +2e=2> gd 0403
Cr* e P | 041
a0+ 2e 2 B, 4208 T % j red(d' won of waler
Fe™ +2e->Fe . :
Cr* +3e>Cr 3 -O 74
fa-Zn’* +2e->Zn -0.763 <=
2H,0 +2¢ > H, + 20H", -0.83
Mn* +2e = Mn -1.18
AP* +3e > Al -1.66
Mg +2e > Mg 237
Na*+e-=> Na 2.714
K'+e2>K -2.925
Li*+e-2> Li -3.045
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