Characterizing Oxidation and Reduction

	Term
	Definition

	
	Loss of electrons

	Reduction
	

	
	Reaction in which e- are gained by 1 atom or ion and lost by another atom or ion

	Oxidizing agent
	

	
	Reactant that donates e- and thus reduces another reactant

	Spectator ions
	

	
	Ionic equation in which spectator ions are REMOVED
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Identify the reactant that is oxidized, reduced, is the oxidizing agent, is the reducing agent.
a) Zn(s) + Cu2+(aq) ( Cu(s) + Zn2+(aq)
b) FeSO4(aq) + Cr(s) ( CrSO4(aq) + Fe(s)
Redox Reactions Involving Ionic Compounds
	Term
	Definition

	
	Equation that shows changes in only the compound that is oxidized or reduced.


STEPS

1. Identify element oxidized  and reduced

2. Make sure amount of e- gained and lost equal. If not multiply by WNR to balance e-
For example:

Write the redox half-reactions for the following equation. Make sure to identify the oxidizing and reducing agents.

a) Solid potassium reacts with chlorine gas to produce solid potassium chloride.

b) 3Zn(s) + Fe2(SO4)3(aq) ( 3ZnSO4(aq) + 2Fe(s)
Balancing Equations in Acidic Solutions
Example:

Sulphur is oxidized by nitric acid in an aqueous solution, producing sulphur dioxide, nitrogen monoxide, and water, as shown by the unbalanced equation. Use the half-reaction method to balance the following equation:



S8(s) + HNO3(aq) ( SO2(g) + NO(g) + H2O(l)
Step 1: Write oxidation and reduction half-reactions

Step 2: Balance any atoms other than oxygen or hydrogen

Step 3: Balance any oxygen atoms by adding H2O molecules

Step 4: Balance any hydrogen atoms by adding hydrogen ions, H+(aq)
Step 5: Balance the charges by adding electrons, e-
Step 6: Determine lowest common multiple, LCM, so # of e- will cancel in half-rx’n.
Step 7: Multiply by LCM so e- will cancel and add half-rx’n together.
Balancing Equations in Basic Solutions
Example:

Cyanide, CN-(aq), is oxidized by permanganate, MnO4-(aq), in a basic solution, as shown in the following unbalanced equation. Use the half-reaction method to balance the equation:



CN-(aq) + MnO4-(aq) ( CNO-(aq) + MnO2(s) 

Step 1: Write unbalanced oxidation & reduction half-rx’ns.

Step 2: Balance any atoms other than oxygen and hydrogen.

Step 3: Balance oxygen atoms by adding H2O molecules.

Step 4: Balance hydrogen atoms by adding hydrogen ions, H+(aq)
Step 5: Adjust for basic conditions by adding same # if hydroxide ions, OH-(aq) as H+(aq) to both sides.

Step 6: Combine H+ and OH- to make water and cancel water molecules on both sides.
Step 7: Balance charges by adding e-
Step 8: Determine LCM and multiply necessary half-rx’n

Step 9: Add half-rx’ns and cancel e- and any other identical molecules.

Redox for Molecular Compounds
	Term
	Definition

	
	The charge of an atom once it has gained or lost electrons to satisfy a stable octet
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1. A pure element has an oxidation
number of 0.

Na in Nag), Br in Bryg, and P in Py
all have an oxidation number of 0.

2. The oxidation number of an element
in a monatomic ion equals the
charge of the ion.

The oxidation number of Al in AI**
is +3. The oxidation number of Se in
Se” is 2.

3. The oxidation number of hydrogen
in its compounds is +1, except in
‘metal hydrides, where the oxidation
number of hydrogen is —1.

The oxidation number of H in H,S or
CH, is +1. The oxidation number of H
in NaH or in CaH, is 1.

4. The oxidation number of oxygen in
its compounds is usually -2, but
there are exceptions. These include
peroxides, such as H,0,, and the
compound OF;.

The oxidation number of O in Li,O or
in KNOj is 2.

5. In covalent compounds that do not
contain hydrogen or oxygen, the
more electronegative element is
assigned an oxidation number that
equals the negative charge it usually
has in its ionic compounds.

The oxidation number of Cl in PCl, is
—1. The oxidation number of S in CS,
-2

6. The sum of the oxidation numbers
of all the elements in a compound
is 0.

In CF, the oxidation number of F is -1,
and the oxidation number of C is +4.
(+4) +4(-1)=0

7. The sum of the oxidation numbers
of all the elements in a polyatomic
ion equals the charge on the ion.

In NO,~, the oxidation number of O is
2, and the oxidation number of N is +3.
(+3)+ 2(-2) =—1




Table 9.3 Rules for Assigning Oxidation Numbers.








Assign oxidation numbers to:

a) SiBr4(l)
b) HClO4(aq)
c) Cr2O72-(aq)
d) Fe3O4(s)

e) H6C3O(l)
Is it a Redox Reaction?
In order for a reaction to be a redox reaction, it must involve both the _____ and _____ of electrons. That is one reactant must be ___________ and the other reactant _________.
Identify if the following equations are redox reactions or not. In order to do this you must be able to show that one reactant gains electrons and the other reactant loses electrons.

a) CH4(g) + Cl2(g) ( CH3Cl(g) + HCl(g)
b) CaCO3(s) + 2HCl(aq) ( CaCl2(aq) + H2O(l) + CO2(g)
c) 3HNO2(aq) ( HNO3(aq) + 2NO(g) + H2O(l)
Balancing Equations Using the Oxidation # Method
Example:

The dichromate ion reacts with ethanol in an acidic solution to produce the chromium(III) ion and carbon dioxide. Write a balanced equation for the reaction using the oxidation number method.
Step 1: Write an unbalanced equation from the given information.

Step 2: Assign an oxidation number to each atom in the eq’n & determine whether it’s redox.

Step 3: Identify the atom(s) that ( in oxidation # or atom(s) that ( in oxidation #.

Step 4: Determine numerical values of ( & ( in oxidation #. 

Step 5: Determine LCM of ( & ( in oxidation #

Step 6: Multiply by LCM to atoms oxidized and reduced in order to balance loss/gain of e-
Step 7: Balance # of atoms of all elements by inspection unless solution is acidic or basic.

Step 8: If acidic/basic, then include water molecules, H+(aq), OH-(aq)​
Galvanic Cells
	Term
	Definition

	Galvanic Cell
	

	
	An electrical connection between half-cells that contains an electrolyte solution, allowing a current to flow but preventing contact between the oxidizing agent and the reducing agent.

	Electrode
	

	Electrolyte
	A substance that, when dissolved in water conducts electricity.

	
	The electrode at which oxidation occurs

	Cathode
	


Example:

Sketch a galvanic cell based on the half-reactions below.


Al3+(aq) + 3e- ( Al(s) 


Ni2+(aq) + 2e- ( Ni(s)
a. Label the anode and the cathode.

b. Indicate where oxidation and reduction are occurring.

c. Show the direction of flow of electrons.

d. Show the direction of the movement of ions.

e. Write a balanced ionic equation for the reaction.

Cell Potentials
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In the galvanic cell, chemists use a shorthand method to describe the cell, this method is called ______________.




Zn(s) │ZnSO4(aq) ││CuSO4(aq) │Cu(s)
A single horizontal line, │, represents a ________ change i.e. from solid Zn to aq ZnSO4
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A double horizontal line, ││, represents the ____________ between half cells, KNO3(aq)

Chemists can then use this notation in combination with a table of standard __________ potentials to calculate the standard cell potential, _______, which we often refer to as _________ of the cell or the electrical potential difference.

Example:
a) Calculate the Eocell potential for the galvanic cell:


2I-(aq) + Br2(l) ( I2(s) + 2Br-(aq)
b) Predict whether the reaction will be spontaneous

Electrolytic Cells
	Term
	Definition

	
	Electrochem cell that uses an external source of energy to drive a non-spontaneous redox reaction

	Electrolysis
	


Table 10.2 Galvanic vs Electrolytic Cells

	Galvanic
	Electrolytic

	Spontaneous rx’n, Eocell = 
	Non-spontaneous rx’n, Eocell = 

	Anode (___________ charged): zinc electrode
	Anode (__________ charged): copper electrode

	Cathode (________ charged): copper electrode
	Cathode (__________ charged): zinc electrode

	Oxidation (at anode) Zn(s) ( Zn2+(aq) + 2e-
	Oxidation (at anode) Cu(s) ( Cu2+(aq) + 2e-

	Reduction (at cathode) Cu2+(aq) + 2e- ( Cu(s)
	Reduction (at cathode) Zn2+(aq) + 2e- ( Zn(s)

	Cell reaction: Zn(s) + Cu2+(aq) ( Zn2+(aq) + Cu(s)
	Cell reaction: Cu(s) + Zn2+(aq) ( Cu2+(aq) + Zn(s)










Draw the electrolytic cell below
When your electrolytic cell doesn’t work!
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Faraday’s Law

- 
Much of the early work in electrochemistry was performed by British scientist Michael Faraday.  He determined that the _________ of chemical change that occurs during ____________ is directly proportional to the amount of electricity that is passed through the cell.  Consider the following reduction of iron:




Fe +3(aq) + 3 e- (   Fe (s)

- 
The reduction of 1 mol of iron (III) requires ____ moles of electrons.  If we required the reduction of 3 moles of iron (III) we would need ___ moles of electrons.

- 
Faraday was honoured with the unit for 1 mol of electrons, the Faraday, ___.

- 
 He discovered that the ____ of an element produced or consumed at an electrode was directly proportional to the ____ the cell operated, as long as the current was constant.
   

                            ne = number of _________

I = current strength in Ampres


F is Faraday’s Constant = 6.02 x 1023 x 1.6 x 10-19C



F = _________ Coulombs/mole
Question:
How many grams of copper are deposited on the cathode of an electrolytic cell if an electric current of 2.00A is run through a solution of CuSO4 for 20 minutes?
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Increasing strength as oxidizing agent       �
Half-Rxn�
       Increasing strength as reducing agent�
Eo (V)�
�
�
F2(g) + 2e-( 2F-(aq)�
�
+2.87�
�
�
Br2(l) + 2e- ( 2Br-(aq)�
�
+1.07�
�
�
Ag+1(aq) + e- ( Ag(s)�
�
+0.80�
�
�
I2(s) + 2e- ( 2I-(aq)�
�
+0.54�
�
�
Cu2+(aq) + 2e- ( Cu(s)�
�
+0.34�
�
�
2H+(aq) + 2e- ( H2(g)�
�
0.00�
�
�
Fe2+(aq) + 2e-(aq) ( Fe(s)�
�
-0.45�
�
�
Cr3+(aq) + 3e-(aq) ( Cr(s)�
�
-0.74�
�
�
Zn2+(aq) + 2e- ( Zn(s)�
�
-0.76�
�
�
Al3+(aq) + 3e-(aq) ( Al(s)�
�
-1.66�
�
�
Na+1 + e- ( Na(s)�
�
-2.71�
�









