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Oxidation-Reduction Reactions 

CSCOPE Unit 07 Lesson 01 Day 4

Vocabulary
	Binary compound
	
	a compound composed of only two elements

	
	
	

	Combination reaction

(or synthesis reaction)                                 
	
	the reactants are elements or compounds and the product is a compound, two or more reactants (either elements or compounds) combine to form one product (a compound)

	
	
	

	Combustion reaction
	
	the reactants are an organic compound and oxygen and the products are carbon dioxide and water

	
	
	

	Decomposition reaction
	
	the reactant is a compound and the products are two or more elements or compounds, one reactant (compound) breaks down into two or more products (either elements or compounds)

	
	
	

	Double replacement reaction                                 
	
	the reactants are two compounds and the products are two compounds, two ionic compounds react by exchanging cations to form two new compounds, usually takes place in aqueous solution

	
	
	

	Electronegativity
	
	the tendency for an atom to attract electrons to itself when it is chemically combined with another element

	
	
	

	Hydride
	
	a compound of hydrogen with a less electronegative element, such as a metal

	
	
	

	Monoatomic ion
	
	an ion formed from a single atom

	
	
	

	Organic compound
	
	a compound containing carbon, and often hydrogen, and sometimes other elements such as nitrogen or sulfur

	
	
	

	Oxidation
	
	A process in which an element loses one or more electrons, causing its oxidation number to increase

	
	
	

	Oxidation number
	
	a positive or negative whole number assigned to an element on the basis of a set of formal rules essentially a “bookkeeping” procedure, sometimes called “oxidation state”

	
	
	

	Oxidation state
	
	used interchangeably with oxidation number

	
	
	

	Oxidation-reduction reaction
	
	a reaction in which electrons are transferred between species causing the oxidation number of one or more elements to change

	
	
	

	Oxidizing agent
	
	The substance that causes oxidation; it is reduced


	Oxyfluorides
	
	a class of compounds of oxygen and fluorine

	
	
	

	Peroxides
	
	a class of chemical compounds in which two oxygen atoms are linked by a single covalent bond

	
	
	

	Polyatomic ion
	
	a tightly bound group of atoms that acts as a unit and that carries a charge

	
	
	

	Product
	
	a substance formed in a chemical reaction

	
	
	

	Reactant
	
	a starting substance in a chemical reaction

	
	
	

	Reducing agent
	
	The substance that causes reduction; it is oxidized

	
	
	

	Reduction
	
	A process in which an element gains one or more electrons, causing its oxidation number to decrease

	
	
	

	Single replacement reaction
	
	the reactants are an element and a compound and the products are an element and a compound, one uncombined element replaces another element in a compound to form a new compound and a new uncombined element, a metal always replaces a metal, or a nonmetal always replaces a nonmetal


Three other ways to classify chemical reactions

In addition to classifying reactions by general reaction type – Combination Reaction, Decomposition Reaction, Single Replacement Reaction, Double Replacement Reaction, and Combustion Reaction – there are three other ways to classify chemical reactions. These include Oxidation-Reduction Reactions (reactions in which electrons are transferred between atoms or ions causing the oxidation number of one or more elements to change), Acid-Base Reactions (reactions in which an acid and a base react to produce a salt and water), and Precipitation Reactions (reactions between ionic substances in solution in which one of the products is insoluble).

Oxidation-reduction reactions

Oxidation-reduction reactions are reactions in which electrons are transferred between atoms or ions causing the oxidation number of one or more elements to change.  An oxidation number is a positive or negative whole number assigned to an element or ion on the basis of a set of formal rules.  Oxidation is a process in which an element loses one or more electrons, causing its oxidation number to increase. The term was first applied to the combining of others elements, particularly metals, with oxygen.  Reduction is a process in which an element gains one or more electrons, causing its oxidation number to decrease. The term was first applied to reactions in which oxygen was removed from metal oxide ores, reducing them to their metals.  Remember: “LEO the lion says ‘GER’”: The Loss of Electrons is Oxidation and the Gain of Electrons is Reduction.
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	((  Gaining Electrons = Reduction (oxidation number becomes smaller)  ((

	
	
	
	
	
	
	
	
	
	
	
	
	

	((  Losing Electrons = Oxidation (oxidation number becomes larger)  ((


Think about it this way: 


Bills are negative…electrons are negative.


If you get more bills (gain bills), then your money gets smaller…If you gain 

electrons, then the oxidation number gets smaller.


If you get rid of bills (lose bills), then your money gets larger…If you lose 

electrons, then the oxidation number gets larger.

Rules for assigning oxidation numbers – follow these rules in numerical order


1. The oxidation number of an atom in an element is zero.


Examples:

Na
sodium has an oxidation number of 0…note that this is NOT

sodium ion

Fe
iron has an oxidation number of 0…note that this is NOT 

iron (II) ion or iron (III) ion

H2
hydrogen has an oxidation number of 0

P4
phosphorous has an oxidation number of 0

S8
sulfur has an oxidation number of 0

2.  The oxidation number of an atom in a monoatomic ion is equal to the charge 

     on that ion.


Examples:



Na+
has an oxidation number of +1



Cu2+
has an oxidation number of +2



Br−
has an oxidation number of −1

3.  Hydrogen has an oxidation number of +1, except when it is found in a metal 

     hydride (where it has an oxidation number of (1). 

Note: In its formula a metal hydride has one or more metals to the left of

         the symbol for hydrogen, and hydrogen in on the far right of the 

         formula.


Examples:



NaH

sodium hydride

Na is +1 and H is (1



CaH2

calcium hydride

Ca is +2 and each H is (1



NaBH4
sodium borohydride

Na is +1, B is +3, and 

each H is (1



LiAlH4

lithium aluminum hydride 
Li is +1, Al is +3, 

each H is (1

4.  Fluorine has an oxidation number of (1.


Examples:

GeF2
germanium difluoride

Ge is +2 and each F is (1
BF3
boron trifluoride


B is +3 and each F is (1
SiF4
silicon tetrafluoride


Si is +4 and each F is (1

5.  Oxygen has an oxidation number of (2, except when it is found in peroxides

     (where O is assigned an oxidation number of (1) or in oxyfluorides (where O 

     is assigned a positive oxidation number as needed).

Exceptions to the rule of O being (2:

Peroxides (a class of chemical compounds in which two oxygen atoms are linked by a single covalent bond) where O is assigned an oxidation number of (1


Examples:

H2O2 

hydrogen peroxide 
each H is +1 and 

each O is (1

Na2O2 
sodium peroxide 
each Na is +1 and 

each O is (1

Oxyfluorides (a class of compounds of oxygen and fluorine) where O is assigned a positive oxidation number as needed:


Examples

O2F2
dioxygen difluoride 
since F is (1, then O is

+1…see Rule 8
OF2
oxygen difluoride
since F is (1, then O is 

+2…see Rule 8
6.  In binary compounds, the element with the greater electronegativity (closer to 

     the upper right-hand corner on the periodic table) is assigned an oxidation 

     number equal to its charge in simple ionic compounds of that element.


Examples

BrCl 
bromine monochloride, since Cl is closer to the upper right it 

     is assigned an oxidation number of 

     (1, and then Br is then assigned an 

     oxidation number of +1.

IBr
iodine monobromide, since Br is closer to the upper right it is 

 assigned an oxidation number of (1, 

 and then I is then assigned an   

 oxidation number of +1.

7.  The halogens other than fluorine have an oxidation number of (1.

8.  The sum of the oxidation numbers of all of the atoms for a neutral compound 

     must equal zero.


Example:



What is the oxidation number of nitrogen in NH3?

“H” is +1 (Rule 3)


(1 x N) + (3 x H) = 0

(1 x N) + (3 x +1) = 0

N + (+3) = 0

N = –3

9.  The sum of the oxidation numbers of all of the atoms in a polyatomic ion must 

     equal the ionic charge of that ion.


Example:

What is the oxidation number of phosphorus in PO43(?

 Oxygen has an oxidation number of –2 (Rule 5)

(1 x P) + (4 x O) = –3

(1 x P) + (4 x –2) = –3

P + (–8) = –3

P = + 5
Oxidation-reduction reactions include:

· All combination reactions involving one or more elements in their

           uncombined state

For example:


2 Ca (s) + O2 (g) ( 2 CaO (s)

· All decomposition reactions involving one or more elements in their uncombined state
For example:


2 H2O2 (aq) ( 2 H2O (l) + O2 (g)

· All single-replacement reactions

For example:


Fe (s) + CuSO4 (aq) ( FeSO4 (aq) + Cu (s)

· All combustion reactions

For example:


CH4 (g) + 2 O2 (g) ( CO2 (g) + 2 H2O (g)

· Any other reaction in which one substance gains electrons and another substance loses electrons


For example:

SnCl2 + 2 FeCl3 ( SnCl4 + 2 FeCl2
Questions

	01. What is the oxidation number for each element in CaCl2 ?

	
	What is the oxidation number for “Cl” ?

	
	
	a) Rule #
	

	
	
	b) Oxidation #
	

	
	What is the oxidation number for “Ca” ?

	
	
	c) Rule #
	

	
	
	d) Oxidation #
	

	
	

	02. What is the oxidation number for each element in FeH2 ?

	
	What is the oxidation number for “H” ?

	
	
	a) Rule #
	

	
	
	b) Oxidation #
	

	
	What is the oxidation number for “Fe” ?

	
	
	c) Rule #
	

	
	
	d) Oxidation #
	

	
	

	03. What is the oxidation number for each element in SO3 ?

	
	What is the oxidation number for “O” ?

	
	
	a) Rule #
	

	
	
	b) Oxidation #
	

	
	What is the oxidation number for “S” ?

	
	
	c) Rule #
	

	
	
	d) Oxidation #
	


	04. What is the oxidation number for each element in ClO4( ?

	
	What is the oxidation number for “O” ?

	
	
	a) Rule #
	

	
	
	b) Oxidation #
	

	
	What is the oxidation number for “Cl” ?

	
	
	c) Rule #
	

	
	
	d) Oxidation #
	

	
	

	05. When O0 goes to O(2 is this oxidation or reduction?

	
	a) Is the oxidation number getting larger or smaller?

	
	b) Is it gaining electrons or losing electrons?

	
	c) Is this oxidation or reduction?

	
	

	06. When Cu+1 goes to Cu+2 is this oxidation or reduction?

	
	a) Is the oxidation number getting larger or smaller?

	
	b) Is it gaining electrons or losing electrons?

	
	c) Is this oxidation or reduction?

	
	

	07. When Fe+3 goes to Fe+2 is this oxidation or reduction?

	
	a) Is the oxidation number getting larger or smaller?

	
	b) Is it gaining electrons or losing electrons?

	
	c) Is this oxidation or reduction?

	
	

	08. When S(2 goes to S0 is this oxidation or reduction?

	
	a) Is the oxidation number getting larger or smaller?

	
	b) Is it gaining electrons or losing electrons?

	
	c) Is this oxidation or reduction?


	09. CH4 + 2 O2 ( CO2 + 2 H2O

Note: The coefficients are present only to balance the equation. 

          They do not affect the calculation of the oxidation numbers.
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Circle the elements whose oxidation numbers are changing.

Draw a line connecting pairs of the same elements.



	
	What element is being oxidized?

	
	
	a) What element has its oxidation  

     number getting larger?
	

	
	
	b) What element is losing electrons?
	

	
	
	c) What element is being oxidized?
	

	
	What element is being reduced?

	
	
	d) What element has its oxidation 

    number getting smaller?
	

	
	
	e) What element is gaining electrons?
	

	
	
	f) What element is being reduced?
	

	
	g) What element is the oxidizing agent?
	

	
	h) What element is the reducing agent?
	


	10. SnCl2 + 2 FeCl3 ( SnCl4 + 2 FeCl2
Note: The coefficients are present only to balance the equation. 

          They do not affect the calculation of the oxidation numbers.
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Circle the elements whose oxidation numbers are changing.

Draw a line connecting pairs of the same elements.



	
	What element is being oxidized?

	
	
	a) What element has its oxidation  

     number getting larger?
	

	
	
	b) What element is losing electrons?
	

	
	
	c) What element is being oxidized?
	

	
	What element is being reduced?

	
	
	d) What element has its oxidation 

    number getting smaller?
	

	
	
	e) What element is gaining electrons?
	

	
	
	f) What element is being reduced?
	

	
	g) What element is the oxidizing agent?
	

	
	h) What element is the reducing agent?
	


Exercises

01.  2 As + 3 Cl2 ( 2 AsCl3 

(a) What is the oxidation number of each atom or ion?



As (in As):____   

Cl (in Cl2):____   

As (in AsCl3):____   

Cl (in AsCl3):____

Use the space below to show your work as needed. 

(b) What is oxidized:_____


(c) What is reduced:_____

(d) What is the oxidizing agent:_____
(e) What is the reducing agent:_____

Besides redox, how else would this reaction be classified? Circle the correct answer.

Combination Reaction?      
Decomposition Reaction?  

Single Replacement Reaction?   
Double Replacement Reaction?

Combustion Reaction?

02.  2 Cl2O5 ( 2 Cl2 + 5 O2
(a) What is the oxidation number of each atom or ion?



Cl (in Cl2O5):____   

O (in Cl2O5):____   

Cl (in Cl2):____   

O (in O2):____

Use the space below to show your work as needed. 

(b) What is oxidized:_____


(c) What is reduced:_____

(d) What is the oxidizing agent:_____
(e) What is the reducing agent:_____

Besides redox, how else would this reaction be classified? Circle the correct answer.

Combination Reaction?      
Decomposition Reaction?  

Single Replacement Reaction?   
Double Replacement Reaction?

Combustion Reaction?

03.  2 HCl + Zn ( ZnCl2  + H2
(a) What is the oxidation number of each atom or ion?



H (in HCl):____   

Cl (in HCl):____   

Zn (in Zn):____   
 

Zn (in ZnCl2):____   

Cl (in ZnCl2):____   

H (in H2):____

Use the space below to show your work as needed. 

(b) What is oxidized:_____


(c) What is reduced:_____

(d) What is the oxidizing agent:_____
(e) What is the reducing agent:_____

Besides redox, how else would this reaction be classified? Circle the correct answer.

Combination Reaction?      
Decomposition Reaction?  

Single Replacement Reaction?   
Double Replacement Reaction?

Combustion Reaction?

04.  2 C2H6 + 7 O2 ( 4 CO2 + 6 H2O
(a) What is the oxidation number of each atom or ion?



C (in C2H6):____   

H (in C2H6):____   

O (in O2):____   
 

C (in CO2):____   O (in CO2):____   H (in H2O):____   O (in H2O):____

Use the space below to show your work as needed. 

(b) What is oxidized:_____


(c) What is reduced:_____

(d) What is the oxidizing agent:_____
(e) What is the reducing agent:_____

Besides redox, how else would this reaction be classified? Circle the correct answer.

Combination Reaction?      
Decomposition Reaction?  

Single Replacement Reaction?   
Double Replacement Reaction?

Combustion Reaction?

05.  3 H2 + Fe2O3 ( 2 Fe + 3 H2O
(a) What is the oxidation number of each atom or ion?



H (in H2):____   

Fe (in Fe2O3):____   
O (in Fe2O3):____   
 

Fe (in Fe):____   

H (in H2O):____   

O (in H2O):____

Use the space below to show your work as needed. 

(b) What is oxidized:_____


(c) What is reduced:_____

(d) What is the oxidizing agent:_____
(e) What is the reducing agent:_____

Besides redox, how else would this reaction be classified? Circle the correct answer.

Combination Reaction?      
Decomposition Reaction?  

Single Replacement Reaction?   
Double Replacement Reaction?

Combustion Reaction?

06.  2 KClO3 ( 2 KCl + 3 O2
(a) What is the oxidation number of each atom or ion?



K (in KClO3):____   

Cl (in KClO3):____  

O (in KClO3):____   

K (in KCl):____   

Cl (in KCl):____   

O (in O2):____   

Use the space below to show your work as needed. 

(b) What is oxidized:_____


(c) What is reduced:_____

(d) What is the oxidizing agent:_____
(e) What is the reducing agent:_____

Besides redox, how else would this reaction be classified? Circle the correct answer.

Combination Reaction?      
Decomposition Reaction?  

Single Replacement Reaction?   
Double Replacement Reaction?

Combustion Reaction?
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