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“The most enduring passion in my life has been pyrotechnics. I was into it before electronics, before photography. It's occasionally gotten me into trouble, not to mention the occasional close call, but it's enhanced my life considerably.”  John DuBois
Introduction:
History of Pyrotechnics:

The history of fireworks goes back thousands of years to China during the Han dynasty (~200 B.C.), even long before gunpowder was invented.  It is believed that the first "firecrackers" were likely chunks of green bamboo, which someone may have thrown onto a fire when dry fuel ran short.  The rods sizzled and blackened, and after a while, unexpectedly exploded.  Bamboo grows so fast that pockets of air and sap get trapped inside of the plant's segments.  When heated, the air inside of the hollow reeds expands, and eventually bursts through the side with a long bam!
The strange sound, which had never been heard before, frightened people and animals terribly.  The Chinese figured that if it scared living creatures so much, it would probably scare away spirits - particularly an evil spirit called Nian, who they believed to eat crops and people.  After that, it became customary for them to throw green bamboo onto a fire during the Lunar New Year in order to scare Nian and other spirits far way, thus ensuring happiness and prosperity to their people for the remainder of the year.  Soon, the Chinese were using bursting bamboo for other special occasions, such as weddings, coronations, and births.  The "bursting bamboo", or pao chuk as the Chinese called it, continued to be used for the next thousand or so years. 

Pyrotechnics:

Pyrotechnics is the science of materials capable of undergoing self-contained and self-sustained exothermic chemical reactions for the production of heat, light, gas, smoke and sound. Pyrotechnics include not only the manufacture of fireworks, but items such as safety matches, oxygen candles, explosive bolts and fasteners, and components of the automobile safety airbag.
Many musical groups use pyrotechnics to enhance the quality of their live shows. Some of the earliest bands to use pyrotechnics were Queen, Pink Floyd, and KISS.
Fireworks

The chief chemical process in fireworks displays is oxidation. Oxidation may be produced by the atmosphere, but in many cases this is not enough, and then the pyrotechnicians must employ their knowledge of chemistry in selecting oxidizing agents.
The chief of these oxidizing agents are chlorates and nitrates, the effect of which is to promote the continuance of combustion once it is started. They are especially useful, owing to their solid non-hygroscopic nature. Then ingredients are needed to prevent the speedy action of the oxidizing agents, to regulate the process of combustion, such as calomel, sand, and sulphate of potash. Thirdly, there are the active ingredients that produce the desired effect, prominent among which are substances that in contact with flame impart some special color to it. Brilliancy and brightness are imparted by steel, zinc, and copper filings. Other substances employed are lampblack with gunpowder, and, for theatre purposes, lycopodium.
Fireworks may be classified under four heads:

1.   Single fireworks.

2.   Terrestrial fireworks, which are placed upon the ground and the fire issues direct from the surface.

3.   Atmospheric fireworks, which begin their display in the air.

4.   Aquatic fireworks, in which oxidation is so intense that they produce a flame under water.


Zinc Pyrotechnics Demonstration: (Adapted from Flinn Scientific Inc.)
A spectacular “fireworks” display is initiated by adding just two drops of water to a mixture of dry chemicals.

In this demonstration, you will combine ammonium nitrate, zinc dust and ammonium chloride.  This mixture is commonly called “Negative-X” by pyrotechnicians.  You will then add 2 drops of water to the stirred mixture and witness a beautiful display of light and color.

Materials: 
(All chemicals can be purchased from Flinn Scientific Inc. either separately or as part of a kit)
Zinc Dust, Zn, 8 g

Ammonium nitrate, NH4NO3, 8 g  (grind to a fine powder)
Distilled water, 2 drops
Ammonium chloride, NH4Cl, 1 g  (grind to a fine powder)
Fume hood

Eye dropper

50 mL Pyrex beaker

Ceramic fibre square or heat-resistant surface

Stirring rod

Procedure: 
Safety Precautions: The chemicals used in this demonstration are toxic by inhalation and are strong irritants.  Thus, the reaction must be performed in a fume hood or outdoors.  Also, the reaction produces a great deal of heat so it is imperative that an insulating material be placed under the beaker.  In addition, the reaction is scaled so that a brilliant display will be observed.  Do not scale the reaction up!  It would be dangerous to do so.  
1. Clear the fume hood of all materials.

2. Place the 50 mL Pyrex beaker on a ceramic fibre square or other heat-resistant surface inside the fume hood.

3. Add 8 g of ammonium nitrate, 8 g of zinc dust and 1 g of ammonium chloride to the beaker and mix together with a dry stirring rod.  Note that as soon as this is mixed, it becomes very water sensitive!  Even a tiny amount of water will ignite the mixture. You must use this composition immediately after it is made - DO NOT STORE IT for any length of time, and do not mix it with other chemicals.  This is NOT something you want to mix on a rainy day!
4. Using an eye dropper, add two drops of distilled water to the beaker and quickly lower the hood shield.  (DO NOT add more than two drops of water!)

**If you are conducting the experiment outside, you can make a few piles of the Negative-X mixture on the ground and try and hit them with a water pistol from a distance away.

5. Stand back and observe the reaction and “Fireworks”. 
Optional:
This demo can be modified to provide a dramatic example of catalysis.  Prepare two 50 mL Pyrex beakers with the ammonium nitrate and zinc dust, as described, but only include ammonium chloride in one of the beakers.  (Note:  You will have to double the chemical amounts in the materials if you are going to choose this option).  Add the two drops of water first to the beaker without the ammonium chloride in it.  It will produce smoke and vapour but probably not produce flame.  After the reaction is complete, add two drops of water to the second beaker.  The reaction will proceed much more quickly and will produce smoke, sparks, and flames – “the eruption”. 

Below is the chemical reaction that takes place:

1. Cl- (from NH4Cl) acts as a catalyst on the decomposition of NH4NO3: 
         Cl-
Equation 1:
NH4NO3(s)  ---------> N2O(g) + 2H2O(aq)

2. Water in the reaction causes the decomposition of more NH4NO3, which is an autocatalytic effect.
3. The reaction melts the NH4NO3 and allows the oxidation of the zinc.  The overall reaction is: 
Equation 2:
Zn(s) + NH4NO3(m)  ------> N2(g) + ZnO(s) + 2 H2O(g)     ∆H = -466.5 kJ/mol 

Analysis:

1. In Equation 1 above, ammonium nitrate undergoes a decomposition reaction.  This reaction happens to be a redox reaction.  Assign oxidation numbers to all elements in the reaction and show which elements are oxidizing and reducing.

2. In Equation 1, NH4NO3 is acting as both the oxidizing and reducing agents.  Explain how this is possible.

3. In Equation 2 above, ammonium nitrate undergoes a single replacement reaction with zinc.  This reaction also happens to be a redox reaction.  Assign oxidation numbers to all elements in the reaction and show which elements are oxidizing and reducing.  Also state which substances are the oxidizing and reducing agents.

4. What is the function of the ammonium chloride in this demonstration?  How would the reaction differ without it?  (If you observed the reaction with and without ammonium chloride, explain the differences between the two reactions based on your observations).

5. In Equation 2, the ∆H for the reaction is stated as -466.5 kJ/mol.  Is the reaction endothermic or exothermic?  Explain how you know based on: (a) your observations; (b) the ∆H value.
6. Why do you think that the solid chemicals used in this demonstration were ground to a fine powder?  Explain what would have been observed otherwise.
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Below are some useful links to background information and interesting videos:


How Fireworks Work:


� HYPERLINK "http://chemistry.about.com/od/howthingswork/a/fireworks.htm" �http://chemistry.about.com/od/howthingswork/a/fireworks.htm�


Fireworks Video Clips:


� HYPERLINK "http://www.gotfootagehd.com/gf/store/node/viewer/type/quick/qs/fireworks/pg/2" �http://www.gotfootagehd.com/gf/store/node/viewer/type/quick/qs/fireworks/pg/2�


Negative-X (Zinc Pyrotechnics) demos: 


� HYPERLINK "http://www.youtube.com/watch?v=M3DkNwnnFuo&feature=related" �http://www.youtube.com/watch?v=M3DkNwnnFuo&feature=related�


� HYPERLINK "http://www.youtube.com/watch?v=M9w5MDX-tBM&feature=related" �http://www.youtube.com/watch?v=M9w5MDX-tBM&feature=related�


� HYPERLINK "http://www.youtube.com/watch?v=YvThxa5UVcI&feature=related" �http://www.youtube.com/watch?v=YvThxa5UVcI&feature=related�


Pyrotechnic Chemicals:


� HYPERLINK "http://www.pyrouniverse.com/chem.htm" �http://www.pyrouniverse.com/chem.htm�


Interesting News Article:  Explosion at Pyrotechnics Building:


� HYPERLINK "http://www.chemaxx.com/pyrotechnic4.htm" �http://www.chemaxx.com/pyrotechnic4.htm�


A collection of pyrotechnic compositions:


� HYPERLINK "http://www.wfvisser.dds.nl/compoDB.html" �http://www.wfvisser.dds.nl/compoDB.html�











