By Cindy Argentine

you ever noticed streams of different colored light flashing from a compact

{CD) when you tilt it back and forth? Gemstones called opals create the same
effect. Opals can display ail the colors of the rainbow in an iridescent, moving patiern.
‘When you move an opal in your hand, it can glow and change color, revsaling areas of
red, and blue within the stone. Only opals can create this phenomenan, known a’s_a!
Bf color.” il

peacock feathers come close,” says Roland Scal, a science professor at Queensborough C6
College in New York City. A
What creates this internal sparkle? It's not some exotic chemical element. Opals are made of the
most common elements on Earth—silicon and oxygen—just like ordinary beach sand. But opals
have a unique internal structure that manipulates light in a way that no other gemstonﬂe an.
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A unique

The mystery of what makes opals so unique can be solved by looking at its chemical structure
and composition. Both opal and sand are made of silicon dioxide (Si0z), or silica. Each silicon
atom in silicon dioxide is surrounded by four oxygen atoms in a pyramid-like shape called a
tetrahedron (Fig. 1). There are many different ways that these molecules can fit together. Think of
all the ways you might be able to arrange pyramid-shaped blocks with their corners touching.

In sand, which is basically grains of quartz, the silica molecules are linked
together to form a crystal—an ordered pattern that extends in all three dimen-
sions. Most gemstones are crystals, but opal has a different molecular
structure. Even though it is composed of silica molecules, they are not
ordered like those of a crystal.

Precious opal—the kind that shows the stunning play of color—is composed
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of microscopic spheres that are stacked together in a precise pattern. Under a , Oxygen 12

[ microscope, these spheres of silica molecules look like marbles perfectly aligned g

1‘ in rows and columns. Each individual sphere is not a crystal; it is a cluster of silica §

[ molecules pulled together into a sphere-like shape. Figure 1. A silica telvanadron contaims ona 2
“Unlike crystals, which are orderly arrangements of molecular units, opals are atom of silicon in fhie middle, surrounded

orderly arrangements of tiny spheres,” says Eloise Gaillou, associate cura- by four oxygen atoms. In the silica crystal,

tor of mineral sciences at the Natural History Museum of Los Angeles which is composed of an orderly arrangement
of these tetrahedra, each oxygen atom is

County, Calif. surrounded by two silicon atoms. The ratio of
silicon-to-oxygen in the crystal is 2:4 or 1:2;
therefore, the formula for silica is Si0,.

Designs using polymer opals were introduced
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These spheres are extremely small—
they range in size from 150 to 350
nanometers, where 1 nanometer is
one billionth of a meter (107° meter).
All of the spheres in one area of a pre-
cious opal stone are the same size and
are perfectly aligned. Different areas
within a precious opal stone may have
spheres with slightly different sizes,
contributing to the multicolor effect of
the play of color.

You cannot see these silica spheres
with the naked eye, but you see the
intense flashes of color they create.
When light waves enter a precious
opal, they bend slightly as they travel
through the regular network of spheres
and through the water between the
spheres, a process called diffraction
(Fig. 2). The rows of spheres and the
empty spaces between them act like
a “diffraction grating.” A CD contains
grooves that form a grating, which
explains why you can see rainbows of
light dance through it when you move
the CD. The grooves in the CD act as
tiny openings that bend the light, much
as the spheres in an opal do.

When light travels through opal’s little
openings, the various wave patterns that
are created interfere with one another.
When the crests of the waves overlap,
they “interfere constructively,” which
means they intensify the color that is
emitted from the gem. When they “inter-
fere destructively,” the waves cancel each
other and are not visible. This gives rise
to intense flashes of different colors, and
those colors can change depending on
the angle at which the stone is held and
viewed (Fig. 3).

Different sizes of spheres cause dif-
ferent colors of light to be scattered
back toward the viewer. Larger spheres
diffract longer wavelengths of light (the
red end of the electromagnetic spec-
trum), and smaller spheres diffract shorter
wavelengths (the blue end of the electro-
magnetic spectrum) (Figs. 3A and 3B,
respectively).

From rainwater to
rainbows

Where can we find these exceptional
gemstones? “Opals are easy to find
because they are close to the surface,
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Figure 3. Depending on the size of the silica spheres, a given
wavelength of light is diffracted at a different angle. Larger spheres
(A) diffract light through smaller angles than smaller spheres (B).

So the color depends on the angle at which the opal is viewed. If
diffraction occurs through a very small angle (such as blue light, A),
no blue light will be scattered back to the viewer. Also, if the spheres
are too small compared to the wavelength of light (as with red light,

B), diffraction of that wavelength is not possible.

Raw opal from a mine in Lightning
Ridge, Australia
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Figure 2. The spheres of silica in opal form an ordered structure that
causes light to be diffracted into its main component wavelengths.
Red light (longest wavelength) is diffracted through the sharpest
angle, and light with shorter wavelengths (yellow, green, and blue
light) is diffracted through progressively lesser angles.

not even a meter deep sometimes,”
Gaillou says. “Diamonds, by contrast,
are formed at least 150 kilometers
underground.”

Opals are found mostly in arid
climates, such as the Australian Out-
back, Mexico, and the southwestern
United States. These areas have the
right conditions to make opal forma-
tion possible—silica-rich rocks and
short periods of rain followed by long
periods of drought. '

As rainwater runs down through
the Earth, it picks up silica from the
surrounding rock, forming a silica-
rich solution. The solution travels
into cracks and voids in rocks until it
reaches an impermeable layer, such
as clay, which prevents it from travel-
ing farther. The solution settles there,
filling the cracks or open spaces. As
the rain stops and the soil dries out,
the solution concentrates.

As water evaporates, the silica
solution becomes even more concen-
trated, and the silica molecules begin
to precipitate. Occasionally, when
conditions are ideal, spheres of silica
form and stack neatly together, creat-
ing gem-quality opal.

Creating opals
in the lab

When scientists realized in the
1960s that opals are made of stacked
silica spheres, they began exploring
ways to produce opals syntheti-
cally. The basic process is to create
spheres of silicon dioxide in an aque-
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:al Gomposition of Opals

Opal is unusual for its internal structure and also
because it contains water. The chemical formula for
opal is SiO2'nH20, where n is an unspecified number
of water molecules that are part of the opal’s chemical
composition. The water percentage is usually between

6% and 10%, but it can be as much as 21%. Because
of the presence of so much water in opals, these gem-
stones are not as hard as other gemstones. They are
rarely used for finger rings, because immersing them

in soapy water could dry them out and bumping them
against a hard surface could crack them. Opals are ideal
for use as pendants or earrings.
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ous solution and then allow them to settle
slowly to the bottom of a container.

Most synthetic opals have some play of
color, but they are not as dramatic as the best
opals that occur in nature. A possible reason
is that synthetic opals have a perfect arrange-
ment of spheres over small areas—typically, a
millimeter or less. In contrast, the best natural
opals have perfect three-dimensional stacking
over several millimeters, or even centimeters.

In addition to making artificial opal, sci-
entists have created opal-like films called
“polymer opals.” These plastic-like, stretch-
able films can produce intense colors and
iridescence, just like real opals. London-based
designer Amy Winters showcased this type of
fabric at the 2012 Zip Zone tradeshow during
& the annual Fashion Week in Paris, France.

As part of her exhibit called “Structural
£ Color,” she created stretchable arm bands,

g leggings, and other items using this fabric.
In the future, polymer opal might be used to
B & make decorative objects without the use of
= £ potentially toxic dyes. These films could also
§ be used in security devices, because tamper-
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2 ing with them would reveal a color change.

Stretching or bending a fabric made with polymer
opal can produce intense colors and iridescence.

The films do not contain real opals, but they
borrow their structure from opals. Like play-
of-color opals, they contain a closely packed
array of perfectly round spheres, but these
spheres have a hard core of polystyrene sur-
rounded by a soft shell of poly (ethyl acrylate).
Polystyrene and poly (ethyl acrylate) are two
types of plastic.

When these spheres are heated to approxi-
mately 150 °C, they align themselves into an
ordered, closely packed structure. This struc-
ture of evenly stacked spheres diffracts light
the same way that opals do. Bending, stretch-
ing, or twisting the films changes the spacing
between the spheres and results in different
colors being displayed.
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102712 the basic bulldiiig blook of
q_uartz, amethyst, and many min- Ty -
. In these minerals, silica is arranged in an orderly fashion to form a
‘ guiar structure. The overall shape of this structure is often related to the
arrangement of the building blocks within the structure.

Silica forms a tetrahedron, which is a pyramid-like shape with a silicon
atom in the center surrounded by four oxygen atoms (Fig. 1). In crystalline
forms of silica minerals, the oxygen atoms are linked to silicon atoms in a
continuing, interconnected pattern. -

The tetrahedra can connect in a variet of atterns and angles (Fig. 2).

The way the tetrahedra connect determ We of'mineral fo ’h
g quartz, each tetrahedron connects to fout‘ot strahedrons, mak
ostructure They can also form rings, chains, or ql]eets creating mlnera s
Z different properties. . \
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Figure 1. Silica is the basic buildis
a pyramid with a silicon atom in the 2, S| upaxygen atams (B) The oxygen -
atoms are at the corners of four tnangular faces, so silica ¢z be mpresgmd by a structure called
a tetrahedron that has four triangular faug,&;:istruclure can be represemq more snmply by
showing only the four triangular fages.

Sheet silicates
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BOTH FIGURES B

El T ‘ildlng blocks of sﬂit:a can form (A) rings, (B) single chains, (C) do Mams and

People as diverse as ancient Egyptians,
European monarchs, and modern U.S. teenag-
ers have prized opals. And if celebrity sales
are any indication, demand for these kaleido-
scopic gems will continue. In the meantime,
scientists are using the knowledge of what
makes an opal glow to develop new technolo-
gies and applications that may bring more
color and light to our everyday lives.
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