Oxidation Numbers

Rule: Oxidation numbers involve an artificial means of counting, in which shared electrons are counted with the atom of higher electronegativity. The sum of the oxidation numbers of all the atoms in the particle must equal the charge of the particle.

Method A:

1. Draw the Lewis Dot Structure
2. Using the table of electronegativities, count shared electrons with the atom of higher electronegativity. Table of Electronegativities
3. Write the oxidation numbers.

Method B:

1. From the electronegativities, determine which atom is positive and which is negative. Table of Electronegativities
2. From the groups, determine the most likely oxidation numbers.

	group
	1
	2
	3
	4
	5
	6
	7
	8

	lose electrons
	+1
	+2
	+3
	+4
	+5
	+6
	+7
	0

	gain electrons
	NA
	NA
	NA
	-4
	-3
	-2
	-1
	0


The above table gives the most likely oxidation numbers, but an atom's oxidation number may be anywhere within the range. For example, N's most likely oxidation numbers are -3 or +5, but can also be -2, -1, 0, +1, +2, +3, or +4.

Example: H2O: From the electronegativities, H must be positive, and thus, can only be +1; O must be negative, and is most likely -2. The oxidation numbers (+1+1-2 = 0) do add up to the charge.

3. Do the oxidation numbers add up to the charge? If yes, you are done (as in H2O above). If no, as in N2O3 below, go on to step 4.

Example: N2O3 
a. N is +, O is -
b. N is most likely +5, O is most likely be -2
c. The oxidation numbers add up to 2(+5) + 3(-2) = +4. But the molecule is neutral.

4. One of the atom's oxidation numbers will be its most likely number, the other will be within the allowable range. If N is +5, then O would have to be -31/3 for the sum to be 0. But O cannot be -31/3 because it is not within the range of -2 to +6. On the other hand, if O is -2, then N would have to be +3, which is within the range. Thus these (0 = -2, N = +3) are right.

5. You can see these oxidation numbers in the LDS of N2O3. Each O has gained 2 e-. Each N has lost 3e-, leaving it with only two electrons of its original five.
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Some Useful Tips 

· If a "B" group element is present, the "A" group atoms will generally have their most likely oxidation numbers. Electrons in the outer shells of "B" group atoms are not as far apart in energy.

· Isolated atoms or atoms in homonuclear molecules have oxidation numbers of 0. Do you understand why? You should.

· In a molecule with several atoms, begin with the atoms of highest and lowest electronegativities. 

· Oxidation numbers may be used to determine the most likely formulas for binary compounds, because the most likely oxidation numbers are known, and they must add up to zero.
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	Oxidation Number Assignments 


	The determination of the oxidation number (or oxidation state) of chemical compounds can be made by following a few simple rules. 
1. The oxidation numbers of an atom or the atoms in a neutral molecule must add up to zero. 
2. If an atom or molecule is ionic it's oxidation number must add up to its overall charge. 
3. Alkali metal atoms (Group I) have an oxidation number equal to +1 within compounds. Alkali earth atoms (Group II) have an oxidation number of +2 within compounds. 
4. Fluorine always has a -1 oxidation number within compounds. 
5. All halogens (besides fluorine) have a -1 oxidation number in compounds, except when with oxygen or other halogens where their oxidation numbers can be positive. 
6. Hydrogen is always assigned a +1 oxidation number in compounds, except in metal hydrides (e.g. LiH) where the previous rules apply. In the case of LiH lithium is assigned a +2 charge (rule C) leaving hydrogen to neutralize the compound with a -2 charge. 
7. Oxygen is assigned an oxidation number of -2 in compounds, with two exceptions... 

1
Fluorine's oxidation number always takes precedence.
2
Oxygen oxygen bonds follow previous rules, meaning other assignments take place first leaving oxygen to neutralize the charge.
2(a)
The oxygen has an oxidation number of -1 in peroxide compounds 
Examples: (The blue colours are a positive oxidation state, the red colours are a negative oxidation state, relevant to the atoms underneath them.)
+1 -2
+1 -1
+1 -1
+1 -½
0
+6 -2
N2O
LiH
H2O2
KO2
O2
SO42-



Oxidation Numbers Worksheet-1
1. Draw the Lewis Dot Structure for the following molecules and use the table of electronegativities to determine the oxidation numbers.

   CH4 ,   NH3,   CH3CH2CH3,    CH3CHClCBr2F

2. Using the periodic table, and without drawing the Lewis Dot Structures, figure out the oxidation numbers of the atoms in:

   CH4 ,   CO2 ,   N2O5 ,  Li4C ,   SO3 ,   Na2O ,    Cl-1 ,   PO4-3

3. Determine these oxidation numbers without drawing the Lewis Dot Structures.

   N2O3 ,   NO ,   P2O4 ,   NO2 ,   NH4+1,   NO3-1 ,   OF2 ,   H2O2 ,   Na2O2

4. Determine these oxidation numbers (see Some Useful Tips)

   N ,    N2 ,    N-3 ,     Be+2 ,    F2 ,     Mg

5. Determine the oxidation numbers of these polyatomic molecules.

    KNO3, NH4NO3, H2CO3, K3PO4, Al(NO3)3, (NH4) 2SO4

6. Determine the oxidation numbers (see Some Useful Tips)

    K2Cr2O7 , KMnO4 , Fe2O3 , FeO , UO2F2 , VO , MnO2 

7. Determine the oxidation numbers:

    B, N-3, K2O, CH3CH2CH3 , CO3-2, KClO4 , MnO4-1, Al2(SO4)3 , F2
Oxidation Numbers Worksheet-2 
1. Use oxidation numbers to determine the charge on the following radicals.

    (Note this works only on the most stable radicals e.g. NO3-1 and not NO2-1.)

    SO4 , CO3 , HCO3 , PO4 , NH4 , ClO4 , NO3 , OH

2. Use oxidation numbers to determine the most likely formula for a molecule composed of:

    Al and N , Al and Se , N and O , S and O , C and Se

3. Use oxidation numbers to determine the most likely charge of the radical and then the formula for the molecule of:

    Mg and CO3 radical , Al and CO3 radical , NH4 radical and SO4 radical

4. Use oxidation numbers to determine the formulas of the products then balance the equations.

    H2 + O2  
    N2 + H2  

    HCl + KOH  

    NaOH + H2SO4  

    NH4OH + H3PO4  

    P2 + O2  

    Al(OH)3 + H2CO3  

    Mg + O2  
Balancing Redox Equations using the Half-Reaction Method 

· What is a redox reaction?
a reaction in which one or more electrons are transferred
What is a half-reaction?
the two parts of a redox reaction, one representing oxidation, the other reduction 

Steps for Solving

1. Divide the reaction into two half-reactions.
Balance all non H and O atoms.
Balance O's by adding H2O.
Balance H's by adding H+.
Balance the charges by adding electrons to the most positive side.
Balance the other half using steps 2-5.
Balance electrons gained and lost.  
Add the two halves together and cancel. 

Example of Solving Using Half-Reaction Method

Cr2O7-2 +Cl-1  Cr+3 + Cl2

	1. Divide the Rxn into two half reactions


Cr2O7-2  Cr+3

Cl-1  Cl2

	2. Balance all non H and O atoms


Cr2O7-2  2Cr+3
2Cl-1  Cl2
	3.  Balance O's by adding water 


Cr2O7-2  2Cr+3 +7H2O

	4. Balance H's by adding H+


14H+ + Cr2O7-2  2Cr+3 +7H2O

	5. Balance the charge by adding electrons to the more positive side



6e- + 14H+ + Cr2O7-2  2Cr+3 +7H2O

2Cl-1  Cl2 + 2e-

	6.  Balance the other side by applying rules 2-5


We practiced both at the same time.

	7.  Add both halves together and cancel


6e- + 14H+ + Cr2O7-2  2Cr+3 +7H2O

3.(2Cl-1  Cl2 + 2e-) = 6Cl-1  3Cl2 + 6e-

 

6e- + 14H+ + Cr2O7-2 +6Cl-1 2Cr+3+7H2O+3Cl2 +6e- 

14H+ + Cr2O7-2 +6Cl-1  2Cr+3 +7H2O +3Cl2

 

	Step 1:
	Separate in half reactions.

	Step 2:
	In each half reaction, balance all elements except O & H.

	Step 3:
	Balance O by adding H2O.

	Step 4:
	Balance H by adding H+.

	Step 5:
	Balance charges by adding e-.

	Step 6:
	Multiply all coefficients in 1 or both half reactions by an integer to get the number of e- in the two half reactions equal.

	Step 7:
	Add the 2 half reactions together & cancel out any species that appear on both sides of net reaction.

	Step 8:
	Check that charges and atoms are balanced.


http://www.wfu.edu/~ylwong/redox/balance-redox-rxn/tutorial/acid/balance-redox-rxn-acid-tut.html
Balance each half-reaction, the reaction being in acidic solution. 

1) Re ---> ReO2 

2) Cl2 ---> HClO 

3) NO3¯ ---> HNO2 

4) H2GeO3 ---> Ge 

5) H2SeO3 ---> SeO42¯ 

6) Au ---> Au(OH)3 (this one is a bit odd!) 

7) H3AsO4 ---> AsH3 

8) H2MoO4 ---> Mo 

9) NO ---> NO3¯ 

	I. Balance the equation as if in an acid solution

	Step 1:
	Separate in half reactions.

	Step 2:
	In each half reaction, balance all elements except O & H.

	Step 3:
	Balance O by adding H2O.

	Step 4:
	Balance H by adding H+.

	Step 5:
	Balance charges by adding e-.

	Step 6:
	Multiply all coefficients in 1 or both half reactions by an integer to get the number of e- in the two half reactions equal.

	Step 7:
	Add the 2 half reactions together & cancel out any species that appear on both sides of net reaction.

	II. Balance the equation with base

	Step 8:
	Identify the number of proton (H+) in the acidic answer. 
Add the same number of OH- ions to BOTH sides of the equation. 

	Step 9:
	If H+ and OH- appear on the same side of the equation, they will react in a 1:1 ratio to form H2O. 

	Step 10:
	Cancel out water molecules that appear on both sides of the equation.

	Step 11:
	Check that charges and atoms are balanced.


http://www.wfu.edu/~ylwong/redox/balance-redox-rxn/tutorial/base/balance-redox-rxn-base-tut.html
Balance each half-reaction, the reaction being in basic solution. 

1) NiO2 ---> Ni(OH)2 

2) BrO4¯ ---> Br¯ 

3) SbO3¯ ---> SbO2¯ 

4) Cu2O ---> Cu 

5) S2O32¯ ---> SO32¯ 

6) Tl+ ---> Tl2O3 

7) Al ---> AlO2¯ 

8) Sn ---> HSnO2¯ 

9) CrO42¯ ---> Cr(OH)3 

PRACTICE---

	1
	Mg + HCl  MgCl2 + H2

	2
	Fe + V2O3  Fe2O3 + VO

	3
	KMnO4 + KNO2 + H2SO4  MnSO4 + H2O + KNO3 + K2SO4

	4
	K2Cr2O7 + SnCl2 + HCl  CrCl3 + SnCl4 + KCl + H2O 

	5
	KMnO4 + NaCl + H2SO4  Cl2 + K2SO4 + MnSO4 + H2O + Na2SO4

	6
	K2Cr2O7 + H2O + S  SO2 + KOH + Cr2O3 

	7
	KClO3 + C12H22O11  KCl + H2O + CO2

	8
	H2C2O4 + K2MnO4  CO2 + K2O + Mn2O3 + H2O

	9
	Mn(NO3) 2 + NaBiO3 + HNO3  HMnO4 + Bi(NO3) 3 + NaNO3 + H2O

	10
	H2C2O4 + KMnO4  CO2 + K2O + Mn2O3 + H2O 


1. Fe+2 + MnO4-1  Fe+3 + Mn+2 
2. MnO4-1 +SO3-2  SO4-2 + Mn+2 
3. Ce+4 + Sn+2  Ce+3 + Sn+4 
4. BrO3-1 + Br -1  Br2 
5. Cr2O7-2 + I-1  I2 + Cr+3 
6. Ce+4 + H3AsO3  Ce+3 +H3AsO4 
7. Ce+4 + Fe+2  Ce+3 + Fe+3 
8.  Ce+3 + I-1  Ce+3 + I2 

Practice—Both—(Write out on your paper)

http://www.wfu.edu/~ylwong/redox/balance-redox-rxn/practice/index.html
