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Lab Session 6, Experiment 5:  Hydrogen and the Activity 
Series of Metals 
An activity series is a listing of chemical species in order of increasing (or decreasing) reactivity. 
 
Metals (be sure you can locate them on the periodic table) tend to react by losing one or more 
electrons (per atom).  Non-metals tend to gain electrons when they react.  When a metal, or any 
chemical species, loses electrons, it is said to be oxidized.  The word "oxidized" is used by 
chemists to refer to the process that usually happens when atoms react with oxygen.  Metals are 
considered more active since they are more easily oxidized.  One way an activity series may be 
determined is to observe the spontaneity of reaction of a set of metals with a single oxidizing 
agent. 
 
The oxidizing agent used in most of the experiments in this lab session will be hydrochloric acid 
(aqueous hydrogen chloride).  In fact, any strong acid would do because the chemical entity 
actually taking the electrons from the metals is the hydronium ion, H3O+

(aq), which is present in 
all strong aqueous acids.  Frequently, this species is simply called the hydrogen ion, or even the 
hydrated proton, H+

(aq), since in aqueous solution it is hydrated. 
 
The product formed when H+

(aq) is the oxidizing agent is H2 (gas), neutral molecular hydrogen, 
which can only be formed if H+

(aq) can take an electron from the metal. 
 
The ion formed from the metal in the reaction depends on the chemical nature of the metal.  
Periodic Groups IA, IIA, and IIIA are very consistent in this matter.  Group IA metals form +1 
ions, etc.  Transition metals are not as predictable, but the charges on their cations are known 
from experiment.  This knowledge is imparted to you by the charge shown in parentheses after 
these metals on the activity series furnished below. 
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Activity Series for Metals 
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5B Experiment 

1. The relative activity of some metals with acid will be observed. 

2. While your hydrogen generator from Experiment 6A is exhausting itself, pick up a small 
sample of each of the following metals:  granulated zinc, tin, lead, copper, iron, aluminum, 
and magnesium.  If granules are not available, magnesium ribbon and aluminum turnings or 
wire will do.  Place each metal in its own test tube.  The smallest amount you can see is the 
right amount.  Using too much of an active metal may cause the reaction contents to bubble 
out of the test tube. 

3. To each in succession add 2 mL of 6 M HCl and observe the reaction. 

4. When you have tested all the metals, list them in order of decreasing reactivity and compare 
your results with the order given in the activity series furnished.  Judge the activity by speed 
of gas evolution and heat given off. 
Most Least 
Active Active 

 

5C Experiment 
A very active metal such as sodium reacts with cold water.  Water is a considerably weaker 
oxidizing agent than 6 M HCl. Your instructor may choose to demonstrate this experiment. 
 

1. The sodium is placed in a beaker of water placed behind a safety shield.  Notice that the 
reaction is so exothermic that it will ignite the hydrogen released.  If no ignition occurs, place 
the sodium on a small piece of filter paper floated on the water.  The residual molten sodium 
oxide sphere has a tendency to burst into pieces some time after the reaction seems to be 
over. 
 
BE CAREFUL -- Be sure you have your eye protection on while watching this! 
 

2. Test the solution produced with red litmus paper.  In addition to H2 (gas), a strongly basic 
metal hydroxide is produced. 

3. Complete the following equation: 
 _____ Na (sol) + _____ H2O (liq) → _____________ + _____________ 

 
Be sure you can write a similar equation for each of the very active metals of the activity series 
that will react with cold water.  This experiment may be repeated with calcium metal, if 
available. 
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5D Experiment 
An active metal reacts with oxygen and also reacts with hot water.  As shown on the activity 
series, most metals will react with oxygen at one atmosphere (in air, the partial pressure of O2 is 
only 0.2 atm) to produce an oxide.  Less active metals, which do not react with cold water, will 
react with hot water to release H2. 

1. Hold a 3 inch piece of magnesium ribbon by one end with your tongs.  Light the other end in 
the burner flame.  (Careful, do not look directly at the flame; it is very bright.)  Now quickly 
plunge the burning ribbon into a 400 mL beaker of boiling water.  How can it continue to 
burn without the oxygen of the air?______________________________________________ 

2. Complete the two following equations: 
_____Mg (sol)  +  _____O2 (gas)  →   __________________________________ 
 
_____Mg (sol)  +  _____H2O (liq) → __________________________________ 

 
At an elevated temperature, Mg(OH)2 will dehydrate to MgO as shown in the activity series, but 
here the sparingly soluble base, Mg(OH)2, may be detected in water by turning litmus blue. 
Since either a metal hydroxide or oxide will react with an acid to form a salt (and water, in the 
case of hydroxide), the salt will always be a product when metal oxidation is done by acid, even 
if the most active metals are involved. 

5E Experiment 
Apparently, activity is affected by conditions of concentration and temperature. 
 
Part 1:  More concentrated acid is a stronge Pᄀ
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