you think of the Fourth of July? If you rg:iill“;
most Amencans the answer is olaweu

caunlry’s celebration of #s independence. Orahge’ aald‘ya‘ ,
low paltarns iEH resemhle flowers green and red §trea

foot on this continent!

Black powder

The Chinese were probably the first lo use “firewerks",
as revealed in ancien writings dating as far back as 850 AL/~
describing how to make hlack powder. It is not fully under-
stood how Chinese alchemists came upon the first recipe furf
black powder—still a major component of almost all fire-
works today. They were guick to discover that they
could wrap the hlack powder in bamboo or paper
tubes fo make crude missiles and flares that couid
be used to frighten away potential invaders. By
the 12th century, the Chinese had incorporated
the use of fireworks inta religious ceremonies
and celebrations of all lypes. This, in effect, was
the birth of what today is known as pyrotechnics,
which means “the art and science of artificial tire”.
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One of the earliest uses of fireworks in
this country may have been in 1608, when
Captain John Smith used “rockets” to
frighten natives away from the Jamestown
colony. The same soldiers who were respon-
sible for firing cannons and rockets were
often asked to fire off crude fireworks dis-
plays to celebrate victories. This soon led to
the use of fireworks to celebrate many other
occasions. By 1781, the use of fireworks had
hecome an important part of our country's
neritage in celebrating the Fourth of July.

Pyrotechnics

The makeup of a standard pyrotechnical
mixture or mortar is similar for all types of
fireworks, The fireworks must contain an oxi-
dizer (a chemical that supplies the oxygen for
combustions) and a fuel (a reducing agent).
Usually the solid oxidizer and fuel are physi-
cally mixed but do not chemically react until
enough activation energy has been applied.
The oxidizer is electron-deficient and finds
the electrons it needs for more siability in the
fuel. An exidation—reduction or redox reaction
occurs that results in very stabie gaseous
reaction products. Because these molecules

A pyrotechrician uses a censiderable amount of
art ta perfect a firewarks event, bul chemistry
aiso plays an important rofe in creating 2
dazziing display.

are more stable than the reactants from
which they were formed, thare is an exother-
mic release of energy. Gouple this with the

. fact that gases must.occcupy a much greater

volurme thah the solid reactants and the result

is explosive!
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MAGNESIUM/ALUMINUM

One of the most fascinating aspects of a
firaworks display is the vivid colors that are
produced against the black backdrop of the
sky. The ltalians were probably the first to
axperiment with color-emitting compounds in
the sarly 1700s; but it wasn't until the mid-
1800s that the use of these compounds was
perfected. Although pyrotechnicians use a
wide variety of special effects to keep our
attention during a fireworks show, it is proba-
bly the vivid colors that attract the majority of
spectators.

Visible light consists of electromagnetic
radiation having wavelengths from 380 to
780 nanometers (nm). The colors of the visi-
bla spectrum are red, orange, yellow, green,
blue, and violet, with the longer; low-gnergy
wavelengths at the red end of the spectrum
and the shorter, high-gnergy wavelengths at
the violet end. If an object emits rad_iati'on
across this entire spectrum, it will appear to
have a white color, but S
if the object only emits
from a small portion of [
the spectrum, the light @
will appear as the color
of that portion of
the spectrum. g _

Most of us are "f“!"x- S
aware that objects emit light when they com-
bust, but how they emit this light is a bit of a
chemistry {and physics) lesson. Light is emit-
ted by three basic processes: (1) incandes-
cence, (2} atomic emissions, and (3)
molecular emissions.

Incandescence

A light bulb is a perfect example of
incandescence. When electrons flow through
the tungsten filament in the buib, thers is a
farge amount of resistance to electron flow,
the filament heats up, and it becomes "white
hot". Because the energy is being emitted
across the entire visible spectrum, it appears
as white light. When materials are heated to
high temperatures, they often emit light in

_this way. The white and gold colors of most
~firewoarks explosions:are the resuit-of reacting

rnetals in a high-temperature environment.

light emitted by atoms of an element in the

IRDN/EHARCOAL

Figure 1. Cofar hy Incandescence

Soma af the colors preduced by fireworks are the
result of incandescent emisslon. Bright white
sparks are praduced by igniling aluminum ar
magnesizm; the dimmer, golden light is
produced by iran or charcoal {carkan).

When powdered metals like aluminum and
magnesium are oxidized, they glow white hot
at temperatures approaching 3,000 °C. When
iron and charcoal particles combust, they
only reach about 1,500 °C, and the result is a
flash that appears gold (see Figure 1).

Atomit; and
molecular emissions

The many brilliant colars that are seen
as a shell bursts in the night sky are the
result of atomic and molecular emissions.
During atomic emissians, we can observe

i : b

Ba Na Sr
Figure 2. Color by Atomic and Molecular
Emission

Other colors in fireworks are praduced by atomic
and molecular emissions. Sodium (Na) prodices
light In the yellow part of the spectrum, harium
(Ba} in fhe green, and strontium (Sr} i the red.

Copper compounds contalning chlarine (CuCl,)
produce a blue color.

-

gaseous phase, and it is unique to that ele-
ment. The high-temperature environment that
Is generated when a shell explodes causes
electrons to jump to higher energy levels in
atoms. When these “excited” electrons fall
back to their normal energy positions, or
ground state, they emit light of particular
wavelengths.

Motecular emissions can produce simi-

. lar effects but are a result of molecules

instead of elements: Pyroteshnicians use-
many metat salts to achieve this wide range




BY CESAR CAMIRERD

g

THATI

TLys!

of colors. Reds are produced by using
strontium and lithium salts, greens by using
barium salts, blues by copper-containing
chioride salts, and yellow and orange light
is produced by sodium salts. Because
sodium is such a strong atomic emitter,
gven a slight sodium impurity can wash out
any other color that might be produced in
the flame. For this reason, the use of
sodium salts in fireworks is carefully con-
trolled (see Figure 2),

Pyratechnicians use a considerable
amount of art to perfect their fireworks
design, but chemistry also plays a very
important role in achieving the desired col-
ors. Many of the metals that produce color
cannot be packed directly into the fireworks
and must be synthesized in the many chemi-
cal reactions that oceur within the fireworks’

Leader fuse

Time-delay
fuse ™}
Stars

Bursting
charge =

] fuse
flamas. Such compounds as chiorinated rub-
ber, polyvinyl chloride, perchlorate oxidizers, Stars
and chlorate oxidizers are packed into the
shell to produce chlorine and oxygen atoms Bursting
when these materials combust. In the hot charge

flame, these energetic atoms react with the
metal salts generating excited atoms that
produce the vivid colors we have grown to
expect from a fireworks display.

Blue is probably the maost difficult color
to achieve because the copper chloride salts
that yield a blue color decompose quickly in
the high-temperature flame. Purples {stron-
tium and copper chloride salts reacting
simultaneously) are also difficult to achieve.
Pyrotechnicians must give special attention
to the chemical mixture and particle size to
achieve these much-desirad colors.

Black powder
lift charge

Figure 3. Aerial Shell Design
Shell design cantrois the visual effect of

preparation of these shells is a time-
consuming process and a very dangar-
OHS One.
An aerial shell typically begins as a
hard paper cylinder. The center of this
cylinder is loaded with hundreds of little
black balls called stars. These stars contain
the light-emitting compounds. The stars are
surrounded by the bursting charge—a pow-
dered mixture containing an oxidizer and
fuel. Often shells are designed with many
separate compartments. These types of
shells ara known as multiple-burst shells, At
the bottom of the shells is a compartment
that coniains the black powder propefiant
(see Figure 3).

Pyrotechnicians use a feader fuse to
connect two other types of fuses that must
be lit almost simultaneously to ensure the
proper break or aerial explosion. The leader
fuse lights a side fuse that ignites the Jift
charge in the lowest compartment of the
shell. This propels the shell out of its mortar
and high into the sky. At the same time, the
first of a series of time-dalay fuses has been
lit, which subsequently will ignite the con-
tents of the upper compartments to propel
the stars out of the shell compartments.

The master pyrotechnician’s ability to
turn a seemingly inert package of materiaf
into a spectacular effect has, for centuries,
delighted and fascinated people of all ages. it
would seem that fireworks possess an almost
magical quality. It has been said that, “One
who has once smelled the smoke, is never
again free!” The naxt time you view a fire-
works show, think about whether you have

Paper and
paste casing

ide fuse

Designing fireworks

The visual effects that accompany a fire-
works display are not only the result of good
chemistry but also the result of good design.

{ireworks. Commian traits to all fireworks Include
the hlack powder propellant and side fuse used
to |launch the skell. Time-delay fuses are used to
set off the bursting charges contained in several
compartments after the shell is far ahove the
graund. Stars are pellets of iight-emitting
compounds. Starg can be arranged randomly to

becorne entranced by the magical effects of
fireworks...and took around. You won't be
alone! A

Although it may not often come to mind as
we watch a beautiful fireworks display, the

produte irregufar splashes of color or
symmetricaily to praduce regular patierns.

Tim Graham teaches chemistry at Roosevelt High School in
Wyandotte, Mi. He is the 1998 Mitken Foundation National Educator
of the Year for Michigan. His article “An Orbitz Investigation; The
Net Result" appeared in the Qctober 1997 issue of ChemMaiters.
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