Spontaneous Reaction Worksheet
An experiment similar to the example of metals and metal ions was conducted using halogens and halide ions. What is the table of relative strengths of oxidizing and reducing agents for the halogens?
Only three combinations produced evidence of a reaction.

Br2 (aq)
Cl2 (aq)
I2 (aq)
Br- (aq)
no reaction
yellow-brown
no reaction
Cl- (aq)
no reaction
no reaction
no reaction
I- (aq)
yellow-brown
yellow-brown
no reaction
Prepare a table of half-reactions for the halogens.
	In a school laboratory four metals were combined with each of four solutions. Construct a table of relative strengths of oxidizing and reducing agents.

Be (s) + Cd2+ (aq) → Be2+ (aq) + Cd (s)
Cd (s) + 2 H+ (aq) → Cd2+ (aq) + H2 (g)
Ca2+ (aq) + Be (s) → no evidence of reaction
Cu (s) + H+ (aq) → no evidence of reaction

	Use the relative strengths of nonmetals and metals as oxidizing and reducing agents, as indicated in the following unbalanced equations, to construct a table of half-reactions.

Ag (s) + Br2 (l) → AgBr (s)
Ag (s) + I2 (s) → no evidence of reaction
Cu2+ (aq) + I- (aq) → no redox reaction
Br2 (l) + Cl- (aq) → no evidence of reaction

	What is the relative strength of oxidizing and reducing agents for strontium, cerium, nickel, hydrogen, platinum, and their aqueous ions? Use the following information to construct a table of relative strengths of oxidizing and reducing agents.

3 Sr (s) + 2 Ce3+ (aq) → 3 Sr2+ (aq) + 2 Ce (s)
Ni (s) + 2 H+ (aq) → Ni2+ (aq) + H2 (g)
2 Ce3+ (aq) + 3 Ni (s) → no evidence of reaction
Pt (s) + 2H+ (aq) → no evidence of reaction (assume Pt4+ (aq))

	Prepare a redox table of half-reactions showing the relative strengths of oxidizing and reducing agents in Table 6.



Al3+ (aq)
Tl+ (aq)
Ga3+ (aq)
In3+ (aq)
Al
X
√
√
√
Tl
X
X
X
X
Ga
X
√
X
√
In
X
√
x
X
X no evidence of a redox reaction
√ a spontaneous reaction occurred


	Identify three oxidizing agents (other than Fe2+ (aq)) from the table that can also act as reducing agents. Try to explain this unique behaviour.


	List all entities initially present in the following mixtures and identify all possible oxidizing and reducing agents.
	A lead strip is placed in a copper(II) sulfate solution.

A gold coin is placed in a nitric acid solution.
A potassium dichromate solution is added to an acidic iron (II) nitrate solution.
An aqueous chlorine solution is added to a phosphorous acid solution.
A potassium permanganate solution is mixed with an acidified tin (II) chloride solution.
	Iodine solution is added to a basic mixture containing manganese (IV) oxide.
	 Use the redox spontaneity rule to predict whether the following mixtures will show evidence of a reaction; that is, predict whether the reactions are spontaneous. (If a spontaneous reactions does occur, write the two half reactions and combine them into an overall reaction.)
	nickel metal in a solution of silver ions
zinc metal in a solution of aluminum ions
an aqueous mixture of copper(II) ions and iodide ions
chlorine gas bubbled into a bromide ion solution
an aqueous mixture of copper(II) ions and tin(II) ions
	copper metal in nitric acid
	Will Fe3+ oxidize Sn2+ to Sn4+ in acidic solution?
Will dichromate ions oxidize fluoride ions to free fluorine in acidic solution?
Will dichromate ions oxidize arsenous acid, H3AsO3, to arsenic acid, H3AsO4, in acid solution? 
Will dichromate ions oxidize hydrogen peroxide, H2O2, to free oxygen, O2, in acidic solution?
Will permanganate ions oxidize Cr3+ to Cr2O72- in acidic solution? 
Will sulfate ions oxidize arsenous acid, H3AsO3, to arsenic acid, H3AsO4, in acid solution?

	Predict the most likely redox reaction in each of the following situations. For any spontaneous reaction, describe one diagnostic test to identify a primary product.
	During a demonstration, zinc metal is placed in a hydrochloric acid solution.

A gold ring is placed into a hydrochloric acid solution.
	Nitric acid is painted onto a copper sheet to etch a design.

	In your previous chemistry course, predictions of reactions were made according to the single displacement generalization assuming the formation of the most common ion.
	Use the generalization about single displacement reactions to predict the reaction of iron metal with a copper(II) sulfate solution.

Use redox theory and a table showing half-reactions to predict the most likely redox reaction of iron metal with a copper(II) sulfate solution.
Can both predictions be correct? Which do you think is likely correct and why?

	Oxygen gas is bubbled into an aqueous solution of iron(II) iodide containing excess hydrochloric acid. Predict all spontaneous reactions, in the order in which they will occur.


	Write and label two half-reaction equations to describe each of the following reactions:
	Co (s) + Cu(NO3)2 (aq) → Cu (s) + Co(NO3)2 (aq)

Cd (s) + Zn(NO3)2 (aq) → Zn (s) + Cd(NO3)2  (aq)
	Br2 (l) + 2 KI (aq) → I2 (s) + 2 KBr (aq)
Using the redox table in Appendix C11, predict the spontaneity of each of the reactions

	In the industrial production of iodine, chlorine gas is bubbled into seawater. Using only water and iodide ions in seawater as the possible reactants, predict the most likely redox reaction, including appropriate equations for the halfreactions.


	The steel of an automobile fender is exposed to acidic rain. (Assume that steel is made mainly of iron.) Predict the most likely redox reactions, including the equations for the relevant half-reactions.


	A chemical technician prepares several solutions for use in a chemical analysis. Will each of the solutions listed below be stable if stored for a long period of time? Justify your answer.
	acidic tin(II) chloride in an inert glass container

copper(II) nitrate in a tin can

	An excess of cobalt metal was left in an aqueous mixture containing silver ions, iron(III) ions, and copper(II) ions for an extended period of time. Write a balanced redox equation for every reaction that occurs.




