
Introduction:

Would a car made of gold rust as fast as a car made of iron or aluminum?

Silver tarnishes by reaction with sulfur in the atmosphere to form black silver sulfide.  Does gold tarnish this way?  Why not?

Do the dates of discoveries of the following elements indicate anything about their reactivity/stability?

Potassium:  discovered in 1807

Gold:  discovered in 5000 BC

Consider the following equations:


K  +  LiCl  (    ?


Li  +  KCl  (    ?

Which reaction occurs?  They can’t both occur spontaneously since one metal atom must be more reactive than the other.  One must have a stronger pull on or “win the competition for” the chlorine atom, but which one?  How do we know?

There are many ways to classify chemical reactions.  Some might be classified as acid - base, oxidation - reduction, combustion, or as synthesis, double replacement or decomposition reactions.  This experiment will focus on single replacement reactions.  In a single replacement reaction, one element replaces another in a compound.  When writing equations or predicting products for these reactions, it must be remembered that not all equations proceed as written.  For example, in the reaction between copper and silver ions Cu + AgNO3 → Ag + Cu(NO3)2, the reaction proceeds as written.  The reverse reaction, Ag + Cu(NO3)2 → Cu  +  AgNO3, however, does not occur spontaneously. 

Not all elements are equal in their ability to replace other elements.  Metals, such as lithium, sodium, potassium, strontium and calcium are referred to as “very active” metals due to the fact that they give up electrons very easily.  These metals can replace hydrogen from cold water to produce the hydroxide and hydrogen gas:  2K + 2H2O → 2KOH + H2.  Somewhat “less active” metals, such as aluminum, magnesium, chromium and zinc, will only react with hot water and will produce the oxide and hydrogen gas:  Mg  +  H2O  (  MgO  +  H2.  Metals such as lead and iron do not react with water, but can react with HCl form hydrogen gas:  Pb + 2HCl → H2 + PbCl2.  Some “less active” metals will not displace hydrogen from HCl but will displace other metal ions in aqueous solutions.  The reaction Cu + AgNO3 → Ag + Cu(NO3)2, mentioned above, is an example of such a reaction.

In order to predict products of single replacement reactions or to predict if they will occur at all, a method is needed.  An activity series allows one to make such predictions.  After observing or carrying out a series of reactions, you will construct an activity series for some elements.



Purpose:

The purpose of this experiment is to construct an activity series from some metallic elements.  

Equipment/ Materials:

Potassium (or sodium, calcium or lithium if uncomfortable with performing this reaction)
1000 mL beaker

phenolphthalein

Metal samples (of consistent mass and surface area):

(Mg, Fe, Cu, Ca, Pb, Zn)

1.0 mol/L solutions of the metals:

Mg(NO3)2, FeSO4, Cu(NO3)2, 
Ca(NO3)2, Pb(NO3)2, Zn(NO3)2
Distilled water

Test tubes/ test tube rack

Hot plate 

24-well spot plate

3 mol/L HCl

400 mL Beaker
Hot plate

Steel wool

Demo:  Reaction of potassium in water 

(Note:  If performing this demo for the first time, use sodium or lithium in place of potassium since they are less reactive!)
Begin by getting students to consider the nature of the potassium (or sodium, etc) atom. Consider why it may or may not be reactive. Move students to consider ease of oxidation.

Add a small piece of potassium to a 1000 mL beaker of cold water containing phenolphthalein.

a) Would you consider potassium to be a reactive metal? Explain why it is.
b) What was the purple flame a result of?

c) Why did the phenolphthalein cause the water to turn pink?

d) Use this evidence to help students provide a molecular description of the reaction that occurred.

e) Write a symbolic equation for the reaction that occurred noting species oxidized and reduced.

Procedure:

1. Place a small sample of each metal in test tubes containing 5 mL of cold water.  For metals like magnesium, it may be necessary to clean the outside of the metal with steel wool.  Watch for evidence of reaction.  Note any reactions that occurred below:  

2. Place the test tubes in a 400 mL beaker that is about 1/3 full of boiling water.  After a few minutes, look for evidence of reaction.  Note any changes.  Did some metals that didn’t react with cold water, react with hot water?  

3. Place a small sample of each metal in test tubes containing 5 mL of 1.0 mol/L hydrochloric acid, HCl.  Watch for evidence of reaction.  Note any reactions that occurred below:  

4. Using 24-well spot plates, set up a grid like the one in the data portion below.  Six wells should be filled with each of the solutions.   A different metal is then placed in each well.  After a few minutes, look for evidence of a chemical reaction.  Note the wells in which a reaction is taking place on the data table provided.  
Data:

1. Circle the metals that reacted with cold water.  For those metals that did react, write a balanced symbolic equation.  For one of these reactions, describe, in words, the molecular reaction that took place.


Mg,    Fe,    Na,    Cu,    Ca,    Pb,    Zn

2. Circle the metals that reacted with hot water.  For those metals that did react, write a balanced symbolic equation.  For one of these reactions, describe, in words, the molecular reaction that took place.


  
Mg,    Fe,    Na,    Cu,    Ca,    Pb,   Zn

3. Circle the metals that reacted with the hydrochloric acid.  For those metals that did react, write a balanced symbolic equation.   For one of these reactions, describe, in words, the molecular reaction that took place.
 
  Mg,    Fe,    Na,    Cu,    Ca,    Pb,    Zn

4.  Which metal did not react with either water or hydrochloric acid?

        Where is this metal going to be placed in your activity series?

5. Record your observations for the reactions between the metals and the solutions of their compounds.  Write “no reaction” if no reaction took place. 

	
	Mg(NO3)2

	FeSO4

	Cu(NO3)2

	Ca(NO3)2

	Pb(NO3)2

	Zn(NO3)2
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6. Write balanced symbolic equations for each reaction that took place.  

7.  For one of the reactions that did occur, provide a detailed molecular description of the reaction that occurred.  Also include a diagram showing the metals/ions present before and after the reaction.

8. Arrange the metals in order of decreasing reactivity.  Include potassium.

Most _______>_______>_______>_______>_______>_______>_______Least

9. Many people are under the somewhat incorrect impression that aluminum
doesn't "rust".  Explain. Your teacher may show you how reactive aluminum can be     under the right conditions (aluminum foil in a solution of copper chloride or stripping of the oxide off of aluminum foil with swabbing a solution of mercuric chloride on aluminum foil).
10.  Many people use copper piping to route water through their homes.
        Explain why magnesium or aluminum could not be used.

11. From the following displacement reactions, arrange these hypothetical 
      chemicals in order of decreasing activity (most to least reactive):
A  +  B+  (  A+  +  B

C  +  B+  (  no reaction

D  +  C+  (  D+  +  C

F  +  G+  (  no reaction

A  +  F+  (  no reaction

F  +  D+  (  F+  +  D

D  +  B+  (  no reaction

G  +  A+  (  G+  +  A

Below is a charted sample of a reactivity series, where lithium is the most reactive metal:
	Activity Series of Metals in Aqueous Solution
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12. Explain the organization of this table on the basis of the lab just performed. How does its arrangement compare to the series you have developed?

13.  Based on the reactivity series above, what reaction would you expect to occur if:

a)  Zn metal is placed in a solution containing Ag+? Why do you expect this?
b) Au metal is placed in a solution containing Zn2+? Why do you expect this?
Optional:

14.  Obtain an unknown metal from your teacher.  Design an experiment that will allow you to determine where your metal fits in to the reactivity series you developed in this experiment.

Summary:
A reactivity series is a chemical series produced by arranging the metals in order of their ease of reaction with reagents such as water and acids. An example of such an arrangement is given above. This arrangement aids the understanding of the properties of metals, helps to explain differences between them, and enables predictions to be made about a metal's behavior, based on a knowledge of its position or properties. It also allows prediction of the relative stability of the compounds formed by an element: the more reactive the metal, the more stable its compounds are likely to be. 

The position of a metal in the series determines the reactions of the metal with various reagents, the displacement of one metal from its compound by another metal, and the method of extraction of a metal from its ore. 

Understanding the chemistry of metals leads to the development of methods to reduce and prevent corrosion. For example, two metals may be used together; the more active one corrodes, sacrificing itself to save the other. 

Applications of the Reactivity Series 

So What Use Is It?
Knowing the Reactivity Series is one thing — being able to use it is another. Nearly every use of metals will involve reference to the series at some point.  Some of the most common applications are described below:
Corrosion
Metals used outdoors are corroded by rainwater or acid rain. Metals in seawater corrode much faster because of the presence of dissolved salts. In the case of each, it is useful to know how fast a bare metal will corrode.

The rate of corrosion is directly linked to a metal's reactivity. Potassium and sodium are sufficiently reactive to spontaneously burst into flame on contact with cold water.  Magnesium and calcium will not remain intact for a day in a wet environment.  Iron, as we all know, will rust in a month. Even unprotected copper will form verdigris (green copper oxide) in a few decades.

Surprisingly, given its high reactivity, aluminum is not particularly easy to corrode. The reason for this is that exposed aluminum very quickly reacts with oxygen in the air, and the oxide layer that forms as a result effectively protects the metal underneath from any further reaction. 
Voltage
Electricity is the movement of electrons, and all that is required to make electrons move is two different metals, separated by a solution containing ions. 
The voltage of a circuit is the amount of electrical energy available to it, and depends on a number of factors, such as the concentration of the acid and the number of metal strips. Among the factors is the choice of the two metals. It so happens that a metal's position in the Reactivity Series is linked to its electronegativity: the electrical potential energy. So, gold is very electropositive while potassium is very electronegative.

The potential voltage of a chemical cell is dependant upon the difference between the two metals' electronegativities. Therefore, gold and magnesium strips would make a high-voltage cell; iron and zinc less so. 
Displacement
Most metals readily form compounds with oxygen (oxides), chlorine (chlorides), sulfur (sulfides and sulfates) and carbon (carbides and carbonates). A metal can be displaced from its compounds by a more reactive metal - that is, one higher in the Reactivity Series – and the products are a compound of the more reactive metal and the pure, unreacted metal that was originally part of the compound. This is of use in certain specialized reactions such as the Thermite Reaction.
The Thermite Reaction:  The reaction between aluminum and iron (III) oxide is a classic example of displacement. The aluminum, being more reactive, displaces or 'steals' the oxide, and aluminum oxide and iron remain. The most significant aspect of this reaction is that it is highly exothermic - that is, it gives out a lot of heat. The heat released is sufficient to melt the iron that is produced. When this reaction is performed in a localised area, triggered by a fuse (usually of magnesium), the molten iron will create a weld, and so the thermite reaction is used as a low-cost method of welding railway lines.
Plating:  It is possible to silver-plate or copper-plate an item made of a more reactive metal very quickly, simply by placing it in a solution of silver nitrate or copper sulfate, respectively. The more reactive metal displaces the silver (or copper) from the compound in solution, allowing the pure silver (or copper) to form on the surface of the item.

Extraction
A metal is useless unless you can extract it from the ground and purify it. Most metals are tied up in ores — chemical compounds of the metal, usually sulfides or oxides. The more reactive a metal, the more strongly bonded it is to its compounds. Hence, those that are more reactive require a great deal of energy. Less reactive metals, such as silver, can be extracted from certain ores simply by heating them so that the ore decomposes. Gold is so unreactive that it doesn't even form ores, and is found in solid lumps underground or in rivers.

The other metals need more specialized methods to extract them from their ores. It would be possible to use a displacement reaction, as described above, but this would mean sacrificing one metal at the cost of another, and is usually unprofitable. What we can do is add certain low-cost non-metals into the Reactivity Series in order to plan displacement reactions. Carbon has a place between aluminum and zinc, and hydrogen between lead and copper.

Metals higher up the reactivity series require a more intensive input of energy, and are generally separated by electrolysis - the passing of a strong current through the molten ore to separate the ions. This is a very high-energy and thus expensive process. It costs money not only to melt the ore (often in excess of 2000°C), but to keep it molten and generate large amounts of electricity. This is not a problem for sodium or potassium, where the demand is fairly low, but extremely uneconomical for aluminum, which has a massive global demand. For this reason, aluminum recycling is universally encouraged - it saves about 70% of the energy required to extract aluminum from bauxite, its ore.
Discovery:

Since very reactive metals are harder to extract, it is unsurprising that they remained unisolated, and hence undiscovered, for a greater length of time.

Recall the two metals discussed in the introduction:
Potassium:  discovered in 1807

Gold:  discovered in 5000 BC

The Electrochemical Series:  Reactivity of Metals
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The following simulation by Tom Greenbowe allows you to test several metals with different aqueous solutions with an optional molecular view.  





When you view the simulation, notice that the metal atoms are losing electrons and that the ions in solution are gaining electrons.  When the metal atoms lose electrons the metal ions produced become electrically charged and are pulled into solution by the electrostatically charged water molecules.





� HYPERLINK http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/redox/home.html ��http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/redox/home.html�





Simulation Activity Questions:





1)  To start the animation click start. Choose Activity 1.  You will see four ionic solutions.  Pick one of the four metals and follow the instructions on the screen. Write down your observations (i.e. what reactions occurred).  Repeat this procedure for the other three metals and make sure to write all your observations down.





2)  Considering magnesium, zinc, copper, and silver


a) Which of the four metals you tested is the most reactive? Explain why.


b) Which is the least reactive? Why?


c) Arrange the metals in order of increasing reactivity (from least reactive to most reactive)


d) Locate the magnesium, zinc, copper, and silver in the standard reduction potential table at the end of this lab.  Is there a pattern between the reactivity of metals and the table? Explain why or why not.





3)  Try Activities 2 and 3 as well, answering 2) a), b) and c) (above) with the new sets of metals.





4)  Try Activity 4.

















For those who like a familiar analogy to a reactivity series, try the following link called “Dancing at the Disco”:





� HYPERLINK "http://www.sciencepages.co.uk/keystage3/resources/dancing%20at%20the%20disco%20-%20metals.pdf" �http://www.sciencepages.co.uk/keystage3/resources/dancing%20at%20the%20disco%20-%20metals.pdf�





Also do the several activities described in the link above to tie the reactivity series concepts together.











