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 Fireworks are one of the most spectacular outdoor shows. They produce amazing bursts of colors that 

take a variety of shapes. But how do they work? How do they burn into so many colors and patterns? And 

why, if not handled properly, can they cause serious injuries or even death?  

 The source of most fireworks is a small tube called an aerial shell that contains explosive chemicals. 

All the lights, colors, and sounds of a firework come from these chemicals. An aerial shell is made of 

gunpowder, which is a well-known explosive, and small globs of explosive materials called stars. The stars 

give fireworks their color when they explode. When we watch fireworks, we actually see the explosion of 

the stars. They are formed into spheres, cubes, or cylinders that are usually 3–4 centimeters (1–1½ inch) in 

diameter.  

 The stars and the powder are surrounding a bursting charge, which also contains black powder. Each 

star contains four chemical ingredients: an oxidizing agent, a fuel, a metal-containing colorant, and a binder. 

In the presence of a flame or a spark, the oxidizing agent and the fuel are involved in chemical reactions that 

create intense heat and gas. The metal-containing colorant produces the color, and the binder holds together 

the oxidizing agent, fuel, and colorants. At the center of the shell is a bursting charge with a fuse on top. 

Igniting the fuse with a flame or a spark triggers the explosion of the bursting charge and of the entire aerial 

shell.  

Interview with Pyrotechnic Chemist John Conkling 

 During the past 30 years, John Conkling, a fireworks expert at Washington College, Chestertown, 

Md., has made more than 40 trips to China—the world’s major producer of fireworks—to meet with 

officials from the Chinese fireworks industry. He is the author of The Chemistry of Pyrotechnics—Basic 

Principles and Theory, which many consider the most definitive reference on pyrotechnics, and he holds 

nine patents dealing with energetic chemical systems.  

 What do pyrotechnic chemists do? They combine compounds to make a mixture that can explode to 

produce color, light, and audible effects, such as the sizzles, pops, and booms of fireworks. When these 

compounds are lit by a spark or a flame, explosive chemical reactions occur, creating the light and sound 

effects seen in fireworks. The mixtures made by pyrotechnic chemists are used not only for entertainment, 

but also for emergency signaling–such as pink flares that people put on the road next to car accidents— and 

military applications, such as mixtures that produce effects visible only with night vision goggles.  

 I was interested in all kinds of science as a child, and eventually, chemistry became my focus. I went 

to graduate school at Johns Hopkins University, Baltimore, Md., to pursue a Ph.D. in physical organic 

chemistry. The topic of my thesis (unusual reaction mechanisms involving “nonclassical” pathways) doesn’t 

have much to do with what I do now, but it taught me the discipline of doing research and recording 

observations. In 1969, I went on to teach undergraduate chemistry at Washington College, Chestertown, 

Md., which is where I pursued my undergraduate studies. Soon after that, I was approached by a fireworks 

company that wanted to hire me for a side project on developing chemical compositions for fireworks that 

are safe to carry and store. I became really interested in the chemistry of fireworks. Later, the U.S. Army 

asked me if I was interested in working on some military pyrotechnic applications involving the production 

of brightly colored smoke for signaling purposes, and my pyrotechnic chemistry career shot off. Nowadays, 

I do training seminars for people interested in anything that explodes—from people who design and 

manufacture fireworks to people who dispose of bombs.  

 How do you make sure that fireworks are safe? Mainly, you don’t want compounds that explode as 

they fall on the ground. It’s important to develop stable compounds that ignite only in the sky. Fireworks 

were invented hundreds of years ago, and we have learned through the centuries to avoid certain chemicals 

and mixtures that are too easy to ignite accidentally. There is also a big push now to make fireworks as 

environmentally friendly as possible.  

 Do you have any advice for students who want to become pyrotechnic chemists? Take as many 

chemistry and physics classes as you can while in school. These classes will give you the background you 

need to understand the chemical reactions that take place in fireworks and other pyrotechnic devices. Also, 

don’t experiment on your own with explosive materials! There are many easy ways to make explosives, but 

that does not mean they are safe.  

 

https://www.acs.org/content/dam/acsorg/education/resources/highschool/chemmatters/articlesbytopic/oxidat

ionandreduction/chemmatters-oct2010-fireworks.pdf 


