THE IDENTIFICATION OF
ARTIFICTIAL COLORATION

IN DIAMOND

By Kenneth V. G. Scarratt

Since Robert Crowningshield’s discovery
in the late 1950s that diamonds that have
been artificially colored by irradiation
and subsequent annealing could be
identified by their characteristic
absorption spectra {in particular, the
band at 595 (592) nm, much more
information has become available about
the radiation-related bands seen in the
visible spectra of diumonds. The
introduction of cryogenics has made the
observation by hand spectroscope or the
recording by spectrophotometer of a
diamond’s visible spectrum less
troublesome, But it has also opened the
eyes of the gemologist (o the fact that
virtually any band that can be artificially
induced in the spectrum of diamond by
irradiation and subsequent annealing can
also occur naturally. This makes
identification of the source of color in
some diamonds, particularly fluorescent
green and some yellow stones, very

difficult,
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D iamond combines a magnificent brilliance and du-
rability with a wealth of differing colors, character-
istics that make it unique among gemstones. Recently,
diamonds with a definite body color have become very
popular, so that the volume of work concerned with these
stones over the past few years has increased out of all
proportion at the Gem Testing Laboratory of London. If
this can be taken as an indication of current trends, then
at long last the gem-buying public is finding out not only
that black diamond is not another term for coal, but also
that it is possible for diamonds to occur in superb shades
of yellow, green, brown, pink, and blue (figure 1) that
often make other colored gemstones seem quite dull in
comparison,

It is hardly surprising, therefore, that as with other
highly prized gemstones man has found it necessary to
try to exert his influence on the poorer examples to “im-
prove their quality,” a practice that many gem merchants
and customers find unacceptable. And it follows that the
trade has requested the advice of gemologists to distin-
guish a natural from an artificially colored stone. Because
of the great difficulties that can be involved, though, most
gemologists have tended to leave the problem in the
hands of the relatively few laboratories or individuals
who have been able to specialize in the subject.

In some cases, the trader can himself determine the
origin of color in a diamond fairly quickly and simply.
Two methods involving the application of a diamond
merchant’s normal instrumentation are discussed below.
In those more difficult cases where radiation treatment
and subsequent annealing are involved, spectroscopy is
the most useful technique. There are some cases, though,
which will also be discussed below, in which even ab-
sorption spectra enhanced by cryogenic spectroscopy may
not be able to prove conclusively the origin of color in a
diamond.
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SOME SIMPLE METHODS OF
DETERMINING WHETHER THE COLOR
OF A DIAMOND IS NATURAL

OR MAN INDUCED

Virtually all diamond merchants possess some
form of instrument to examine their stones at
various magnifications—Dbe it a hand lens or a
microscope—and a source of ultraviolet radia-
tion. With some experience, the merchant often
can use the information gleaned from the stone
with these instruments to determine whether the
stone in question is naturally colored or has been
treated.

In many cases, colored diamonds have very
distinctive internal features. For example, the
color in many natural brown stones is zoned
(Kane, 1980), alternating between brown and col-
orless {not unlike the zoning seen in some sap-
phires). In other natural brown diamonds, the
color zoning may appear to be angular. When
some natural pink diamonds are examined with
a lens, their color can be seen to be associated
with the internal structure of the stone, which
appears in the form of pink zoning on a colorless
background {figure 2).

Although cyclotron-treated stones often dis-
play a form of zoning, natural zoning is usually
associated with growth phenomena and, there-
fore, is aligned with the original crystal form. The
zoning in a cyclotron-treated stone is associated
with the shape of the cut stone; that is, it may
appear as a color concentration at the culet, which
looks something like an opened umbrella, or as
a color concentration at the girdle {figure 3).
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Figure 1. A suite of colored
diamonds. The light pink (0.68
R ct) and light blue (0.56 ct)
stones are naturally colored.
The yellow, orange, and green
stones have been treated to
. improve color, although yellow
and orange hues similar to
those shown here are known to
occur naturally. Photo by
Tino Hammid.
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When natural type Il blue diamonds are
bathed in short-wave ultraviolet radiation, they
reveal characteristics that are distinctive of this
type of diamond. Such stones either have a rela-
tively weak fluorescence or are virtually inert,
but they have a phosphorescence that is among
the strongest observed in any type of diamond.
They are also usually relatively clean internally
and quite large. Very large pink diamonds are
usually quite light in color and are type 1l stones,
which allow short-wave ultraviolet radiation to
pass, exposing any photographic paper on which
such a stone may be placed.

Figure 2. The color in some naturally pink
stones can be seen to be associated with their
internal structure. Here it reveals itself on a
colorless background as thin pink lines crossing
crown facets. Magnified approximately 80X,
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treated yellow stone, and yet we know from the
stone’s history that the color must be natural.

We know that the lines at 503 and 496 nm can
be induced by the anncaling of a stone that has
been irradiated, so we should not have been too
surprised at recording the 595 nm band in this
type of stone. To our knowledge, though, it was
the first time it had been seen in a natural faceted
stone.

At least this particular stone revealed evi-
dence of natural radiation damage and annealing
in the form of brown radiation stains on an uncut
portion of the girdle (figure 9), but the fact that
the 595 nm band has been observed in this stone
makes the identification of the origin of color in
these fluorescent green stones very difficult.

Of late, we have also been observing the GR
system in the spectrum of very large, naturally
colored, brown type II stones. Because of the in-
creased popularity of colored diamonds, any dia-
mond with a definite body color, almost regard-
less of quality, is being sorted out as a possible
fancy stone. As a result, in addition to the attrac-
tive canary yellow stones that have been tradi-
tionally sought after {figure 10), we are seeing
many more type I; stones which, not many years
ago, would have been rejected by the trade as un-
desirable. Many of these stones are easily recog-
nizable because of their characteristic large areas
of cloud-type inclusions, and because their yellow
body colors usually have some other component
present, that is, green or brown.

In the past, color identification in this type of
stone presented no problem for the gemologist,
because normally the true canary yellow (like any
other natural type Iy diamond) shows no sharp
changes in transmission in the visible spectrum

Figure 9. Natural radiation “staining” on an
unpolished portion of the girdle of the stone
referred to in figure 8. Magnified approx. 70x.
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Figure 10. Naturally colored canary yellow
diamond, 0.63 ct. Photo by Tino Hammid.

at room temperature. The color is due to the grad-
ual absorption of wavelengths that are shorter
than 550 nm.

The appearance in the lab of more of these
stones and the advent of low-temperature spec-
troscopy caused us considerable worry a year or
so ago when, in addition to the normal gradual
absorption of the shorter wavelengths, we noted
at low temperatures the occurrence of the radia-
tion-related peak at 637 nm and sometimes the
503 nm band (figure 11).

Figure 11. Absorption spectrum recorded at
about —160°C for a naturally colored yellow
type 1 diamond, showing the peaks at 637 and
503 nm and the typical 1y type absorption of
wavelengths shorter than 550 nm.
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Researchers have found that the 637 nm band
occurs primarily in diamonds that contain a high
percentage of the nitrogen impurity in isolated
substitutional form, that is, in type Iy diamonds.
It has been proved experimentally that irradiation
and subsequent annealing induce the 637 nm band
in synthetic type Iz diamonds, during which pro-
cess the color of the stone is altered from its orig-
inal yellow to pink {Davies, 1977). In fact, the 637
nm band had previously been reported only in
treated diamonds, particularly in treated pinks
{Liddicoat, 1969), and so the diagnostic value of
this line when seen at low temperatures in yellow
type Iy stones had to be determined.

After recording the absorption curve in the
nine stones of this type in which we had observed
the 637 nm band, we noted that in each case the
line was extremely weak, and it soon became ap-
parent that the obvious cause of the body color
was the gradual absorption of the shorter wave-
lengths. This being a natural phenomenon, we
decided that if these stones had been artificially
subjected to radiation and annealing it could only
have been in minimal amounts and as such had
no effect on the color of the stone. In fact, our
view was that this was yet another case of the
natural occurrence of a radiation-related peak and
that under these circumstances it should be re-
ported accordingly.

IN CONCLUSION

I emphasize that the foregoing problems affect
only a small percentage of colored diamonds. Cer-
tainly, as discussed above, reliable methods for
the detection of cyclotron-treated diamonds are
now readily available to diamond merchant and
laboratory gemologist alike. And in the “vast ma-
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jority” of cases where a yellow diamond has been
irradiated and annealed by man, it is virtually
always possible to recognize this fact with the
adept use of the hand spectroscope in conjunction
with a cold light source.

However, I can foresee a time when, at least
with some of this small percentage of colored dia-
monds, the methods currently available will not
be adequate to determine whether the color is
caused by man’s interference. It is likely that the
problem of differentiating between irradiation by
man and irradiation by nature will continue to
arise and with even greater frequency.
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