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Redox Reactions and Activity Series for Metals
Problem
How can we classify metals according to their ability to react?
Introduction
OIL RIG => oxidation is a loss of e-, reduction is a gain of e-
On the periodic table metals and nonmetals are grouped on the basis of their physical and chemical properties. You already know some of the basic differences between the two classes of elements, although not all metals behave alike in all respects. For example, both magnesium and zinc react with hydrochloric acid, but copper does not. In other words, the metals differ in their reactivity; we say that some metals are more active than others. In this experiment it will be your task to determine the relative reactivities (or, activities) of several metals. The following paragraphs introduce new terms and concepts; read them carefully.
When metals form compounds, they do so by becoming positive ions (cations); this involves loss of electrons; a loss of electrons is called oxidation. By regaining these electrons, the cation returns to its neutral, elemental form; a gain of electrons is called reduction. Because of the differences in the make-up of their atoms, some metals lose electrons easily, while others do so only with difficulty. 
Active metals (ones that form compounds easily) hold their outer electrons very weakly, so it is easy for some other ion or element to take one or more of these electrons from the metal atom’s outer energy level. Inactive metals are ones that do not react readily to form compounds; they hold onto their electrons more tightly, so are not easily oxidized.
When an active metal is brought in contact with the cation form of a less-active metal, one or more electrons transfer from the active metal to the less-active ion. Thus, for active metal X and less-active metal Y, we could expect reactions like the following.
X + Y+ → X+ + Y (one electron transferred)
X + Y2+ → X2+ + Y (two electrons transferred)
If, on the other hand, the more active metal is present in ion form, while the less-active one is in the elemental state, nothing will happen.
Y + X+ → NO REACTION
In other words, ions of less active metals (like Y+ or Y2+, above) can oxidize (take electrons from) the neutral atoms of more active metals (such as X), but not the other way around; ions of the more-active element will not oxidize atoms of the less active element. The ion form of an element that loses electrons easily cannot take electrons away from a neutral atom of an element that holds electrons tightly.
Prelaboratory Assignment
· Read the Introduction and Procedure before you begin.
· Answer the Prelaboratory Questions. 
Materials
Apparatus 
· 24-well test plate or 3 test tubes and a test tube rack
· Wash bottle 
· Safety goggles 
· Lab apron 
Reagents

· Mg(NO3)2(aq)
· Zn(NO3)2(aq)
· Cu(NO3)2(aq)
· Ag(NO3)(aq)
· Small pieces of Cu, Mg, and Zn (Sorry, no silver is available. ()
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1. Wear safety goggles and a lab apron at all times in the laboratory.
Procedure
Four metals will be tested for their relative activities. The metals to be compared are copper, magnesium, silver, and zinc. You will do the tests by placing samples of the metals in solutions containing the cation form of each of the other metals. All the metal pieces have been freshly cleaned of any oxide surface coating.
1. Put a single piece of one of the metals in each of 3 different wells of your 24-well test plate or test tube, then add each other metal solution on separate pieces of the metal being tested, noting cases in which a reaction occurs. Use just enough of each solution to cover the metal piece--8 to 10 drops should be plenty. Quite often, the only sign of reaction will be a darkening of the metal surface, so careful observation is a must. Remember that some reactions are slow to occur, so you should wait at least four or five minutes before you decide that nothing happened. 
2. Proceed in this way until all metals have been tested with solutions of each of the others. Record all of your observations in a Data Table.
Cleaning Up [image: image3.png]
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1. Pour the chemicals into the waste beaker in the fume hood.
2. Wash the test tubes, rinse with tap water then leave face-down in the rack to dry.
3. Fold the aprons.  Wash your hands.  Put away the goggles.
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The Activity Series for Metals
Prelaboratory Questions
1. Identify the following changes as either oxidation or reduction.
	a. Cu2+ → Cu ___________________
	b. Mg → Mg2+ ___________________ 

	c. Fe2+ → Fe3+ ___________________ 
	d. 2H+ → H2(g) ___________________ 


2. Consider the following reaction: Al(s) + Cr3+(aq) ( Cr(s) + Al3+(aq).
a. What substance is oxidized? ___________________ 
b. What substance is reduced? ___________________ 
3. Aluminum metal will react with a solution of copper(II) ions, but copper metal will not react with a solution of aluminum ions. Which metal is more active, copper or aluminum? 
	___________________ 


Data/Observations 
1. Reactions
	Cations →
	Zn2+
	Mg2+
	Ag+
	Cu2+

	Metals ↓
	----
	----
	----
	----

	Cu
	
	
	
	----

	Mg
	
	----
	
	

	Ag
	no rxn
	no rxn
	----
	no rxn

	Zn
	----
	
	
	


Analysis and Conclusions
1. The metal that reacted with the greatest number of cation solutions is the most active metal you were testing; which one is it? 
	___________________ 


2. The metal that reacted with the fewest cation solutions is the least active; which is it? 
	___________________ 


3. Rank the remaining three metals, so that you end up with a list of the four metals in order of decreasing activity (most active first). Use the form, (most) > (next) >, etc.
	Most Active
	Least Active


4. Recalling that the more active metals are those that are more easily oxidized, where on the periodic table would you expect to find the most active metals? 
Are the more active metals found on the left, the right, or in the middle of the table? 
What about vertically: are the metals near the top of the table more reactive or less reactive than those toward the bottom? 
 
 
5. For those cases in which a reaction was observed, write the equation for that reaction. 
Remember that the number of electrons lost by one kind of atom must equal the number gained by the other, so the total charge on the left side of the arrow must be the same as the total charge on the right side. Add paper, if necessary.
 
 
 
 
Something Extra
Consult a table showing the accepted order of metal activities. Your teacher will either suggest a suitable reference or provide you with the list. Discuss your findings here.
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The Activity Series for Metals
Introduction
Intent 
In addition to providing students with a chance to experience what we mean when we identify metals as being more or less active, this experiment sets the stage for later chapters by introducing the concepts of electron transfer and oxidation-reduction.
Objectives
1. To test the relative abilities of five metals to act as reducing agents.
2. To establish an abbreviated activity series for the five metals tested, plus copper, based on a teacher-performed demonstration.
3. To observe the results of electron transfer as a driving force in reactions.
Materials (for each lab team of two students)
Apparatus 
· 24-well test plate 
· Forceps or tweezers 
· Wash bottle 
· Safety goggles (2) 
· Lab apron (2) 
Reagents
· 0.2 M CuCl2(aq) 
· 0.2 M FeCl3(aq) 
· 0.2 M Mg(NO3)2(aq)
· 0.2 M SnCl2(aq)
· 0.2 M Zn(NO3)2(aq)
· Small pieces of Cu, Fe, Mg, Sn, Zn (1 of each)
Preparation Hints
Note: While directions are given for preparation of 1 liter of each solution, for the amounts used in this experiment, 100 mL of each solution will be more than enough for four classes of 30 students working in pairs.
1. Preparation of solutions is the same for all except for tin(II) chloride. For tin(II) chloride, dissolve 45.2 g SnCl2 · 2H2O/liter of 0.5 M HCl. Addition of a few granules of tin metal helps prevent oxidation from Sn2+ to Sn4+. For the other solutions use the following amounts:
34 g CuCl2 • 2H2O/liter; 
54.2 g FeCl3 • 6H2O plus 5 mL con HCl/liter; 
51.2 g Mg(NO3)2 • 6H2O/liter; 
59.6 g Zn(NO3)2 • 6H2O/liter
2. If the solutions are to be kept for more than a day or so, add a few drops of 6 M nitric acid to the Mg and Zn solutions, and 6 M HCl to the copper solution to prevent formation of oxides or hydroxides. 
3. Cut the metal pieces small enough to fit in the wells of a 24-well test plate, about 2-3 mm square, from 0.001" sheet (ribbon, for Mg).
4. For each class demonstration you will need: 25 x 200 mm test tube, 25 mL of 0.1 M AgNO3(aq) (1.7 g of solid AgNO3, dissolved in 100. mL of distilled water, stored in brown bottle), ~30 cm of freshly-cleaned copper wire (#18-#24).
Prelaboratory Discussion
The procedure is quick and simple. Spend the bulk of your time (~10-15 minutes) on the concept of electron transfer as it relates to activity. Try to avoid extended discussion of oxidation and reduction (by name, at least) for now; focus instead on what is happening, rather than on the names we give to the processes.
Procedure Hints
1. Students need only about 2 mL of each solution; dispense the solutions in thin-stem pipets (best) or dropper bottles. 
2. Provide a large tray, lined with paper towels, for students to shake out their well-plates after the experiment has been completed (see Cleaning Up in the student laboratory manual). 
Disposal
1. When the towels in the tray have dried, they can be disposed of according to local regulations.
2. The well plates can be washed in the sink, rinsed with distilled water, and left to dry, face-down, on paper towels.
Postlab Discussion
You are to demonstrate the reaction between copper metal and silver ions. Fill a large test tube about 2/3 with 0.10 M AgNO3 and suspend the tube from a clamp on a ring stand. Form a loose coil of copper wire by wrapping the wire around a pencil; the loops of the coil should be about half the diameter of the tube. Hang the coil from a 2-hole stopper by hooking the wire through the holes. Be sure students see that the silver nitrate solution is clear and colorless at the outset, then suspend the coil in the tube. 
At first students will see a darkening and a fuzzy material forming on the wire. Soon the blue color of copper(II) ions will be evident and the crystals of silver will begin to be less dark and more silver. After about 5 minutes students will see some really elegant, shiny silver crystals and the blue color will be evident from across the room. If possible, leave the tube on display for several days. A good extra-credit project for able students is isolation and recovery of the silver from one or more of these tubes. 
Student results show that copper is the least active of the metals tested. Since copper metal was able to replace silver in solution, silver must be the least active of the six. In order of increasing activity, the sequence is:
Ag < Cu < Sn < Fe < Zn < Mg
In reality, most students find tin and iron indistinguishable, since neither appears to react significantly with the other. 
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Metal Activities
Prelaboratory Questions
1. Identify the following changes as either oxidation or reduction.
	a. Cu2+ → Cu ___reduction____
	b. Mg → Mg2+ ___oxidation____

	c. Fe2+ → Fe3+ ___oxidation____
	d. 2H+ → H2(g) ___reduction____


2. Consider the following reaction: Al(s) + Cr3+(aq) → Cr(s) + Al3+(aq).
a. What substance is oxidized? Al(s)___________________ 
b. What substance is reduced? ___Cr3+(aq)____(Not: “Cr,” or “chromium”)
3. Aluminum metal will react with a solution of copper(II) ions, but copper metal will not react with a solution of aluminum ions. Which metal is more active, copper or aluminum? 
	___aluminum____


Observations and Data
	1. Reactions
	   nr. = no reaction 


	Cations →
	Zn2+
	Sn2+
	Mg2+
	Fe3+
	Cu2+

	Metals ↓
	
	
	
	
	

	Cu
	n.r.
	n.r.
	n.r.
	n.r.
	-----------

	Fe
	n.r.
	faint darkening
	n.r.
	------------
	faint darkening

	Mg
	darkens
	darkens
	------------
	darkens
	dark solid forms 

	Sn
	n.r.
	-----------
	n.r.
	n.r.
	turns dark

	Zn
	------------
	darkens
	n.r.
	darkens
	corrodes


2. Observations of reaction between copper and silver nitrate solution.
During the reaction a fuzzy surface formed on the wire, then slowly turned lighter and got shiny. The liquid in the tube turned from colorless to blue.
Analysis and Conclusions
1. The metal that reacted with the greatest number of cation solutions is the most active metal you were testing; which one is it? 
	___magnesium____


2. The metal that reacted with the fewest cation solutions is the least active; which is it? 
	___copper____


3. Rank the remaining three metals, so that you wind up with a list of the five metals in order of decreasing activity (most active first). Use the form, (most) > (next) > , etc.
	Most Active     Mg> Zn > Fe > Sn > Cu > Ag
	Least Active


4. Your teacher demonstrated the reaction that occurs when copper metal is placed in a solution of silver ions. Use your observations to place silver in its proper spot on your activity list above. 
5. Recalling that the more active metals are those that are more easily oxidized, where on the periodic table would you expect to find the most active metals? Are the more active metals found on the left, the right, or in the middle of the table? What about vertically: are the metals near the top of the table more reactive or less reactive than those toward the bottom? 
The most active metals are on the left side of the table. Activity increases as you go down the groups (the student’s only evidence for this is the relative placement of Cu and Ag).
6. For those cases in which a reaction was observed, write the equation for that reaction. Remember that the number of electrons lost by one kind of atom must equal the number gained by the other, so the total charge on the left side of the arrow must be the same as the total charge on the right side. Add paper, if necessary.
Mg(s) + Zn2+(aq) → Mg2+(aq) + Zn(s)
3 Mg(s) + 2 Fe3+(aq) → 3 Mg2+(aq) + 2 Fe(s)
Mg(s) + Sn2+(aq) →Mg2+(aq) + Sn(s)
Mg(s) + Cu2+(aq) →Mg2+(aq) + Cu(s)
3 Zn(s) + 2 Fe3+(aq) → 3 Zn2+(aq) + 2 Fe(s)
Zn(s) + Sn2+(aq) → Zn2+(aq) + Sn(s)
Zn(s) + Cu2+(aq) → Zn2+(aq) + Cu(s)
2 Fe(s) + 3 Sn2+(aq) → 2 Fe3+(aq) + 3 Sn(s)
2 Fe(s) + 3 Cu2+(aq) → 2 Fe3+(aq) + 3 Cu(s)
Sn(s) + Cu2+(aq) → Sn2+(aq) + Cu(s)
(Students may not see a distinction between tin and iron.) 
Something Extra
Consult a table showing the accepted order of metal activities. Your teacher will either suggest a suitable reference or provide you with the list. Discuss your findings on a separate sheet of paper.
Many texts and standard references contain a list of the activity series for metals.The results given here conform to such a list. 
