
Introduction
Most of the elements on the periodic table are metals. Metals are different than non-metals in that they have different physical and chemical properties.  The following properties are common to metals:
· Metals are solids at room temperature, except mercury, which is a liquid.
· Metals have very high melting points

· Metals are shiny when cut.
· Metals are able to form mixtures called alloys with other metals.*
· Metals are good conductors of heat and electricity.
· Metals are usually strong and malleable so they can be hammered into shape.  

*Alloys are mixtures of metals that share the properties of each metal contained in the mixture. Pure aluminum is not very strong but it is light.  When it is mixed with the strong metal copper the alloy formed is very light but very strong and can be used to make airplanes and cars. 

The Reactivity Series
Some metals are very reactive but some hardly react at all.  Potassium is so reactive that it can't even be left out in the air (it is stored in oil).  It reacts violently with water, producing a violet flame and hydrogen gas, which is easily ignitable.  Gold, however, doesn't react with anything, which is why it is so good for jewelry.  All known metals have been placed in a special order with the most reactive metals at the top and the least reactive metals at the bottom. This list is called the reactivity series and is shown below. 

Potassium
Sodium 
Lithium 
Calcium 
Magnesium 
Aluminum 
Carbon 
Zinc 
Iron 
Tin 
Lead 
Copper 
Silver 
Gold 
Platinum 

Common Reactions of Metals 

Metals react with oxygen in air to produce metal oxides:
Metal + Oxygen ( Metal Oxide 
Metals react with water to produce metal hydroxides and hydrogen gas:
Metal + Water ( Metal Hydroxide + Hydrogen gas
Metals react with acids to produce metal salts and hydrogen gas:
Metal + Acid ( Metal salt + Hydrogen gas
Displacement Reactions 
A more reactive metal can displace a less reactive metal from its compound. 

This is how displacement reactions occur. If a metal oxide comes into contact with a more reactive metal the oxide is attracted to the reactive metal. The metal oxide then splits up because the oxide leaves to form a new compound with the reactive metal, leaving the less reactive metal all on its own. 
The Thermite Reaction:  2Al  +  Fe2O3  (  Al2O3  +  2Fe
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. The heat released is sufficient to melt the iron that is produced.  When this reaction is performed in a localized 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.

Extraction of Metals 

We can find very unreactive metals in the ground ready to use. Examples of these metals are gold and platinum.  Metals that are found further up the reactivity series occur naturally but they are not found in pure forms. The metals are found bonded to other elements such as oxygen.  These substances that contain metals are called ores.  Metals such as iron and aluminum are found in their ores. We have known that metals can be extracted from their ores since the prehistoric times. The most reactive metals have only been extracted from their ores in more recent times. We have only recently been able to discover methods for their efficient and safe extraction.  For example, potassium was discovered in 1807, whereas gold was discovered in 5000 BC.


Perform the following demonstrations for students.  For all reactions, have students complete the following questions: 

A. What evidence is there for a reaction occurring? Consider what changes are noticed.

B. What elements are reacting?

C. Write both a word and balanced chemical equation for the reaction occurring (include states).

D. What type of reaction has occurred (i.e. synthesis, decomposition, single replacement)? Justify your answer.

E. Provide an illustration of the reacting atoms/molecules and explain at the molecular level what is occurring in the reaction.
F. Comment on any color changes observed and try to explain them.
G. Comment on the rate of the reaction.

Demonstrations:
1. 16Ag(s) +  S8(s)   (  8Ag2S(s)  (black tarnish)
Materials:
· Piece of silver jewelry

· Piece of tarnished silver jewelry

Demonstration:
Simply show students a piece of untarnished silver jewelry and a piece of jewelry that is tarnished with Ag2S (from reaction of silver with sulfur in the atmosphere).  
2. 3Ag2S(s)  +  2Al(s)  (  6Ag(s)  +  Al2S3(s)  
Materials:
· Piece of tarnished silver jewelry
· Piece of Aluminum foil

· Sodium bicarbonate (baking soda)

· Boiling water

· Large beaker

· Tongs
Demonstration:
Simply wrap the tarnished piece of silver from demonstration #1 in aluminum foil and add a few teaspoons of baking soda and place in a beaker containing boiling water for a few minutes (the rate will depend on the extent of tarnishing and the quality of the silver).  Remove (using tongs) and then rinse the jewelry with water and dry thoroughly.  The tarnish should have been removed.  Explain that this method is preferred to using jewelry cleaners since the abrasives in the cleaners will eventually remove all of the silver coating on the jewelry, leaving you with cheap nickel (which is used as the base for inexpensive silver-plated jewelry).
3. Ca(s) +  H2SO4(aq)  (  CaSO4(s) +  H2(g)  

Materials:
· Calcium metal (large chunks and small pieces)
· 3 mol/L H2SO4 (and 6 mol/L if experimenting with different concentrations) 
· 4-400 mL beakers

· Electronic balance
Demonstration:
Add a large chunk of calcium to a 400 mL beaker containing 3 mol/L sulfuric acid.  CaSO4 is a precipitate so very little reaction occurs.  Try using smaller pieces of calcium with the same mass to compare the rate and do the reactions simultaneously.  Alternatively, you could experiment with different concentrations of H2SO4.
4. Cu(s) + 4HNO3(aq) ( Cu(NO3)2(aq) + 2NO2(g) + 2H2O(l)
Materials:

· 1000 mL Erlenmeyer flask 

· Penny, pre-1983

· Conc. Nitric acid (approx. 30 mL) 

Safety:  This reaction must be performed in a fume hood! (The fumes of nitrogen oxides are toxic).
Demonstration:

In the fume hood place the penny in the Erlenmeyer flask.  Add concentrated nitric acid.  Observe all color changes and products released. After the penny has reacted, add a small quantity of water to the beaker to bring about a color change. (In this reaction colorless NO is initially formed; it subsequently reacts with O2 to form coloured NO2, which is what students observe.)  Also note the color of the solution. 

5. CuSO4(aq)  +  Zn(s)  (  Cu(s)  +  ZnSO4(aq)
Materials:
· Zinc strip

· 0.1 mol/L copper(II)sulfate solution

· 250 mL beaker

Demonstration:
Place a strip of zinc metal into the copper(II)sulfate solution in a 250 mL beaker.  Have students observe the color change of the solution from blue to colorless and the production of copper. Alternatively place some aluminum foil in a solution of copper (II) chloride to produce copper and aluminum chloride.
6.  Combustion of iron (steel wool)  (Fe(s)  +  O2(g)  (  Fe2O3(s))
Materials:
· Piece of steel wool 

· Metal tongs 

· Bunsen burner
Demonstration:
Tease out a handful of steel wool to about a 10cm length, separating the strands as much as possible. 

Hold in a Bunsen burner flame in the dark. The steel wool burns giving off sparks and forming black iron(III)oxide. 
7. Cu(s)  +  2AgNO3(s)    (    2Ag(s)   +   Cu(NO3)2(aq) 

Materials:
· Copper wire (coiled around a pen or pencil to make a spring coil))  

· 0.1 mol/L silver nitrate  

· 250 mL beaker
Demonstration:
Place a coiled copper wire into the silver nitrate solution in a 250 mL beaker.  Have students observe the color change of the solution from colorless to blue and the production of silver crystals on the surface of the coiled copper wire.
8. 2Mg(s)  +  O2(g)  (  2MgO(s) 
Materials: 

· Magnesium ribbon (3-5 cm strip)
· Bunsen burner

· Tongs
· Steel wool 

Safety:  Caution students not to look at the flame directly. 

Demonstration: 

Polish the magnesium with steel wool (mention to students that this removes the magnesium oxide coating).  Light the Bunsen burner. While holding the magnesium with the tongs, light the magnesium in the burner flame. Point out the evidence that a reaction has occurred (the white powder MgO is formed). 

9. Reaction of Aluminum and Nickel with I2:  (2Al(s)  + 3I2(s)  (  2AlI3(s)  and Ni(s)  +  I2(g)  (  NiI2(s))  
Materials:
· Aluminum metal (fine powder)
· Nickel metal (fine powder)
· Powdered I2
· Distilled water

· eyedropper

· 2 evaporating dishes

Safety:  This reaction must be done in the fume hood!
Demonstration:

Mix aluminum metal and I2 in one evaporating dish.  Mix nickel metal and I2 in another evaporating dish.  Add a few drops of water to each evaporating dish and observe both reactions.  Below is a link to a video showing the reaction with aluminum.  It is quite vigorous with a lot of purple smoke and flame.
http://dwb.unl.edu/chemistry/redoxlp/A10.html   (Click on Movie (OS X) at the left)

Compare the reaction of Aluminum (a strong reducing agent) with I2 (and water) with the reaction of nickel and I2 (and water).   Aluminum and I2 react vigorously.  When nickel is mixed with iodine, even after water is added, there is no reaction between the nickel and the iodine. Explain to students that this is because nickel is not a very strong reducing agent compared to aluminum.  

10. Magnesium in Sprite:  (Mg(s) + H2CO3(aq)  (  MgCO3(s) + H2(g) and 



                 3Mg(s) + 2H3PO4(aq)  (  Mg3(PO4)2(s)  + 3H2(g))
Materials:
· Flat Sprite or 7-Up

· Magnesium chips

· 250 mL beaker

Demonstration:
Fill a beaker ~ 3/4 full with Sprite (or 7-Up) the night before the demo and leave uncovered.  Stir occasionally to help the soda go flat.  The soda needs to be flat (no bubbles present!!) for this experiment to work well.  When doing the demo add a small amount of the magnesium chips and let the students observe what occurs.  The gas being produced is H2.  Discuss how many of the things we drink are acidic – they are not dangerous because they are dilute and weak acids.    (Note:  The acids are carbonic acid and phosphoric acid).  Also mention that soft drink cans are made of aluminum coated with a thin layer of plastic to insure that it doesn’t react with the acid in the soda. 
**In the chart on the next page are some additional demonstrations or examples of reactions with metals.
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View any or all of the following links to see some interesting videos, simulations and demos of metals reacting!





Video:  Sodium metal in cold vs. hot water


� HYPERLINK "http://www.youtube.com/watch?v=TZsamVzqxwk" �http://www.youtube.com/watch?v=TZsamVzqxwk�


LiquidMetal™ Demo:  The properties of amorphous vs. crystalline solids


� HYPERLINK "http://mrsec.wisc.edu/Edetc/background/amorphous/index.html" �http://mrsec.wisc.edu/Edetc/background/amorphous/index.html�


Mg  +  CO2 demo:


� HYPERLINK "http://www.ilpi.com/genchem/demo/co2mg/index.html#demo" �http://www.ilpi.com/genchem/demo/co2mg/index.html#demo�


Video:  Mg  +  CO2  (scroll down to #1 video)


� HYPERLINK "http://blog.wired.com/wiredscience/2008/03/top-10-amazing.html" �http://blog.wired.com/wiredscience/2008/03/top-10-amazing.html�


(See why you can’t use CO2 extinguisher to put out an Mg fire!)


Video – metal salts burn in flame to produce colors:  Flame Tests


� HYPERLINK "http://www.truveo.com/Flame-Test-07/id/1852747741" �http://www.truveo.com/Flame-Test-07/id/1852747741�


Video:  Potassium metal +  Br2 (Bang!)


� HYPERLINK "http://www.youtube.com/watch?v=ZmJ0N5-MG2M" �http://www.youtube.com/watch?v=ZmJ0N5-MG2M�


Video: Cesium metal in water! (Bang!)


� HYPERLINK "http://www.youtube.com/watch?v=uS4KIxASxXM&feature=related" �http://www.youtube.com/watch?v=uS4KIxASxXM&feature=related�


Metals in Aqueous Solutions Animation (Greenbowe):


� 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�


Cyber lab:  Reaction of Ca, K and Mg with water:


� HYPERLINK "http://library.thinkquest.org/11430/experimental/metals.htm" �http://library.thinkquest.org/11430/experimental/metals.htm�


Simulation of Metals in metal salt solutions:


� HYPERLINK "http://lgfl.skoool.co.uk/content/keystage3/chemistry/pc/learningSimulations/DIRSC/launch.html" �http://lgfl.skoool.co.uk/content/keystage3/chemistry/pc/learningSimulations/DIRSC/launch.html�


Simulation of metals in acids:


� HYPERLINK "http://lgfl.skoool.co.uk/content/keystage3/chemistry/pc/learningSimulations/RMASC/launch.html" �http://lgfl.skoool.co.uk/content/keystage3/chemistry/pc/learningSimulations/RMASC/launch.html�


Thermite Reaction: (Bang!)


� HYPERLINK "http://www.ilpi.com/genchem/demo/thermite/index.html" �http://www.ilpi.com/genchem/demo/thermite/index.html�

















The reactions below are additional demonstrations or pictures of reactions involving metals.  Some of the reactions are too toxic or too dangerous to perform in front of students.


Al +  HgCl2  (


� INCLUDEPICTURE "http://invsee.asu.edu/ImageGallery/Real/PhysicalSciences/Optical/AL_HG/Al_hg_6.jpg" \* MERGEFORMATINET ���


This image shows the reaction between an aluminum foil and mercury(II) chloride solution.  The reduced mercury amalgamates with aluminum after the penetrating the thin native aluminum oxide layer on the surface of the foil.  The white patches are due to further oxidation of the foil by atmospheric oxygen forming aluminum oxide (Al2O3).  The dark patches are areas of aluminum-mercury alloy.  This image was obtained using an optical microscope. 





Na  +  Cl2  (  NaCl  (view demo online at link below)


� HYPERLINK "http://www.lsua.us/chem1001/Chap8Movies/aabtpxi0.html" �http://www.lsua.us/chem1001/Chap8Movies/aabtpxi0.html�


The reaction of copper with dilute vs. concentrated HCl: (Discussion)


Copper reacts with concentrated acids but not with dilute ones. Over a longer period of time copper reacts with all kinds of acids.  This is interesting since the Table of Standard Reduction Potentials indicates no reaction with Cu and HCl, when, in fact, they do react if the acid is concentrated or over a long period of time. ��Cu + Conc. 2HCl ------> CuCl2 + H2�Cu + dil. 2HCl ------> no reaction


HgO  (  Hg  +  O2  (view demo online at link below)


� HYPERLINK "http://www.lsua.us/chem1001/Chap8Movies/aabtpxb0.html" �http://www.lsua.us/chem1001/Chap8Movies/aabtpxb0.html�


Cu  +  AgNO3  (  Ag  +  Cu(NO3)2  (perform live or view online at the link below)


� HYPERLINK "http://www.lsua.us/chem1001/Chap8Movies/aabtpxh0.html" �http://www.lsua.us/chem1001/Chap8Movies/aabtpxh0.html�
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