
Fireworks Reading Assignment
Chemistry

Read the following article and answer the questions on a separate sheet of paper:

“Chemical Impact: Fireworks” in Chemistry (7  ed., Zumdahl & Zumdahl, Houghton Mifflin, 2007)th

The art of using mixtures of chemicals to produce explosives is an ancient one.  Black powder–a
mixture of potassium nitrate, charcoal, and sulfur–was being used in China well before 1000 A.D. and
has been used subsequently through the centuries in military explosives, in construction blasting, and for
fireworks.  The DuPont Company, now a major chemical manufacturer, started out as a manufacturer of
black powder.  In fact, the founder, Eleuthère duPont, learned the manufacturing technique from none
other than Lavoisier.

1) What three chemicals compose black powder? _________________________________________

________________________________________________________________________________

Before the nineteenth century, fireworks were confined mainly to rockets and loud bangs. 
Orange and yellow colors came from the presence of charcoal and iron filings.  However, with the great
advances in chemistry in the nineteenth century, new compounds found their way into fireworks.  Salts of
copper, strontium, and barium added brilliant colors.  Magnesium and aluminum metals gave a dazzling
white light.  Fireworks, in fact, have changed very little since then.

How do fireworks produce their brilliant colors and loud bangs?  Actually, only a handful of
different chemicals are responsible for most of the spectacular effects.  To produce the noise and flashes,
an oxidizer (an oxidizing agent) and a fuel (a reducing agent) are used.  A common mixture involves

4potassium perchlorate (KClO ) as the oxidizer and aluminum and sulfur as the fuel.  The perchlorate
oxidizes the fuel in a very exothermic reaction, which produces a brilliant flash, due to the aluminum,
and a loud report from the rapidly expanding gases produced.  For a color effect, an element with a
colored emission spectrum is included.  Recall that the electrons in atoms can be raised to higher-energy
orbitals when the atoms absorb energy.  The excited atoms can then release this excess energy by
emitting light of specific wavelengths, often in the visible region.  In fireworks, the energy to excite the
electrons comes from the reaction between the oxidizer and fuel.

2) What causes the pretty colors of light from fireworks? ___________________________________

______________________________________________________________________________

3) What causes the loud bangs from fireworks? __________________________________________

______________________________________________________________________________

Yellow colors in fireworks are due to the 589-nm emission of sodium ions.  Red colors come
from strontium salts emitting at 606 nm and from 636 to 688 nm.  This red color is familiar from
highway safety flares.  Barium salts give a green color in fireworks due to a series of emission lines
between 505 and 535 nm.  A really good blue color, however, is hard to obtain.  Copper salts give a blue
color, emitting in the 420- to 460-nm region.  But difficulties occur because the oxidizing agent,

3potassium chlorate (KClO ), reacts with copper salts to form copper chlorate, a highly explosive

3compound that is dangerous to store.  (The use of KClO  in fireworks has been largely abandoned



because of its explosive hazards.)  Paris green, a copper salt containing arsenic, was once used
extensively but is now considered too toxic.

4) Why is it difficult to make a good blue-colored firework? ________________________________

______________________________________________________________________________

5) Why isn’t Paris green used much anymore? ___________________________________________

______________________________________________________________________________

In recent years the colors produced by fireworks have become more intense because of the
formation of metal chlorides during the burning process.  These gaseous metal chloride molecules
produce colors much more brilliant that do the metal atoms by themselves.  For example, strontium
chloride produces a much brighter red than do strontium atoms.  Thus, chlorine-donating compounds are
now included in many firework shells.

A list of chemicals commonly used in fireworks is given in the table.

Chemicals Commonly Used in the Manufacture of Fireworks

Oxidizers Fuels Special Effects

Potassium nitrate Aluminum Red flame: strontium nitrate, strontium carbonate

Potassium chlorate Magnesium Green flame: barium nitrate, barium chlorate

Potassium perchlorate Titanium Blue flame: copper carbonate, copper sulfate, copper oxide

3 6Ammonium perchlorate Charcoal Yellow flame: sodium oxalate, cryolite (Na AlF )

Barium nitrate Sulfur White flame: magnesium, aluminum

Barium chlorate Antimony sulfide Gold sparks: iron filings, charcoal

Strontium nitrate Dextrin White sparks: aluminum, magnesium, titanium

Red gum Whistle effect: potassium benzoate, sodium salicylate

Polyvinyl chloride White smoke: mixture of potassium nitrate and sulfur

Colored smoke: mixture of potassium chlorate, sulfur, and organic

dye

6) List four chemicals commonly used in the manufacture of fireworks that we have used in class this

year: __________________________________________________________________________

______________________________________________________________________________

Although you might think that the chemistry of fireworks is simple, the achievement of the vivid
white flashes and the brilliant colors requires complex combinations of chemicals.  For example, because
the white flashes produce high flame temperatures, the colors tend to wash out.  Thus oxidizers such as

4KClO  are commonly used with fuels that produce relatively low flame temperatures.  An added
difficulty, however, is that perchlorates are very sensitive to accidental ignition and are therefore quite
hazardous.  Another problem arises from the use of sodium salts.  Because sodium produces an extremely
bright yellow emission, sodium salts cannot be used when other colors are desired.  Carbon-based fuels
also give a yellow flame that masks other colors, and this limits the use of organic compounds as fuels. 
You can see that the manufacture of fireworks that produce the desired effects and are also safe to handle
requires careful selection of chemicals.  And, of course, there is still the dream of a deep blue flame.

7) Why must sodium salts and carbon-based fuels be avoided in fireworks? ____________________

______________________________________________________________________________


