Experiment 30: Activity Series for Metals
Purpose
How can we classify metals according to their ability to react?
Introduction
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.

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.
Prelaboratory Assignment
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?
4. When you add aluminum metal to a solution of copper (II) ions, you see some dark solid form on the aluminum.  What do you think the dark solid is?
Materials
Apparatus 
· 5 test tubes
· Test tube rack
· Forceps or tweezers 
Reagents
· CuCl2(aq) 
· FeCl3(aq) 
· Mg(NO3)2(aq)
· SnCl2(aq)
· Zn(NO3)2(aq)
· Small pieces of Cu, Fe, Mg, Sn, Zn
Safety: Copper (II) chloride is a skin irritant.
Procedure
1. Label each test tube according to the metal you will put in it: Cu, Fe, Mg, Sn, Zn.  
2. Put a piece of copper into the test tube labeled “Cu.”  Repeat for each metal.
3. Add 8 drops of CuCl2 to each test tube.  Record observations.

4. Pour the test tubes into the waste bucket.  Wash with water.  They don’t need to be completely dry.
5. Repeat steps 2 and 3 for each reagent: FeCl3, Mg(NO3)2, etc.

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 five metals in order of decreasing activity (most active first). Use the form, (most) > (next) > , etc.
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. 
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? 
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. 
