THE CHROMIUM CONTENT OF LECHLEITNER
SYNTHETIC EMERALD OVERGROWTH

By K. Schmetzer, H. Bank, and V. Stdhle

The refractive indices of the synthetic overgrowth on
the beryl seeds of Lechleitner synthetic emeralds show
a linear correlation with the chromium content of the
coating. In a sample with refractive indices of n,=1.580,
n.=1.572, a Cr,0,content of 3.99% was found; a stone
with n,=1.610, n,=1.601 contained 10.01% Cr,O,. Very
broad, faint shadow edges on the refractometer in one
sample were caused by an inhomogeneous distribu-
tion of Cr,O,—between 7.64% and 13.20% —in the
synthetic emerald overgrowth. From these experi-
ments, it is evident that the higher the chromium con-
tent in the overgrowth, the darker the coating (and,
therefore, the overall appearance of the stone) will be.

The synthetic emerald first produced by J. Lech-
leitner of Innsbruck, Austria, in 1959 consists of
colorless or light pink natural beryl that is coated
on all facets with a thin layer of synthetic emer-
ald (figure 1). Details of the experimental condi-
tions used to grow a layer of synthetic emerald
approximately 0.5 mm thick on the beryl seeds
have not been published, but inclusions in the
overgrowth indicate that a hydrothermal method
is probable. After the stones have been coated,
they are repolished for greater brilliance.

Several studies on the optical properties of
Lechleitner synthetic emerald have been pub-
lished; the data are summarized in table 1. It is
presumed that the variations in the refractive in-
dices reported in these different studies are due
to the variable chromium content in the syn-
thetic emerald substance that forms an over-
growth on the natural seed (Flanigen et al., 1965).
Until now, however, no analytic investigations of
the chromium content in the overgrowth have
been published. In general, the refractive indices
of the synthetic emeralds produced by Lechleit-
ner are higher than those of other synthetic em-
eralds. In some instances, they are also higher
than those of natural emeralds, which usually
contain less than one percent Cr,Q,. Therefore,
one would expect the Lechleitner synthetic em-
eralds to contain more chromium substituting for
Al1%" in the beryl lattice than is observed in nat-
ural stones.
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Figure 1. Two Lechleitner synthetic emeralds.
The larger stone weighs approximately 2.5 cts.
The smaller stone is cut in cross-section to
reveal the deep green overgrowth. Photo by
Tino Hammid, Gem Media.

In addition, while testing a parcel of Lechleit-
ner synthetic emeralds on the refractometer, one
of the authors observed several distinct shadow
edges for both refractive indices n, and n,, a phe-
nomenon that has already been described for heat-
treated tourmalines (Mitchell, 1967; Schiffmann,
1972; Bank, 1975). Other Lechleitner synthetic
emeralds, in spite of their well-polished tables,
showed only faint and broad shadow edges for n,
and n,; this implies that both refractive indices
may vary over a considerable range as measured
in the table of a single stone. We think that this
situation is caused by a variation in the chemical
composition, especially the chromium content,
of the overgrowth on the table. The aim of this
investigation was to clarify these observations.

DETAILS OF THE EXPERIMENT

For the investigation, seven Lechleitner synthetic
emeralds were selected from a total of 270 sam-
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TABLE 1. Studies on the optical properties of Lechleitner synthetic emeralds.

Optical properties

Study No Ne Birefringence
Schlossmacher, 1960 1.581 1.575 0.006
Holmes and Crowningshield, 1960 1.581 1.575 0.006
GUbelin, 1961 1.578-1.590 1.571-1.583 0.007
Flanigen et al., 1965 1.582-1.597 1.577-1.587 0.005-0.010
Bank, 1976 1.583-1.605 1.577-1.599 0.005-0.009
Bank and Zwetkoff, 1979 1.578-1.598 1.570-1.591 0.007-0.008

ples on the basis of sharp refractive index shad-
ows in the range of n,=1.571, n.=1.566 and
n,=1.610, n.=1.601. One additional sample
showed only faint broad shadow edges on the re-
fractometer. For each stone, the synthetic emer-
ald overgrowth on the table of a natural beryl seed
(figure 2) was analyzed for chromium using
an electron microprobe. Table 2 presents the op-
tical data and chromium content for each stone.
The samples were also tested for the presence of
other elements with an atomic number greater
than 11 that are not essential constituents of
beryl. An absorption spectrum was recorded for
the Lechleitner synthetic emerald with the high-
est refractive indices and chromium content. We
then used a diamond hardness point to remove a
small amount of the overgrowth from the table
of this sample to produce an X-ray powder dif-
fraction pattern.

RESULTS

The absorption spectrum of sample 7 corresponds
to the spectra of natural emeralds from different
localities. The X-ray powder diffraction pattern of
sample 7 is identical to that of patterns for both
natural and synthetic emeralds and for other ber-
yls. These two tests showed that the green sub-
stance on the table facet consists of beryl in which
Cr** replaces A1%* in the crystal structure. There-
fore, the substance is emerald. These data con-
firm the results of Holmes and Crowningshield
[1960), Guibelin (1961), and Flanigen et al. {1965).
The microprobe investigation of sample 8 re-
vealed a strongly inhomogeneous distribution of
chromium on the table facet. This variation in
Cr,O; content between 7.64% and 13.20% ex-
plains the variation in the refractive indices of the
Lechleitner synthetic emerald and the resulting
broad, faint shadow edges observed for this sam-
ple on the refractometer.
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Figure 2. Lechleitner synthetic emerald viewed
through the pavillion to reveal the chromium-
rich overgrowth on the table facet. Photo by
Tino Hammid, Gem Media.

No chromium was detected on the table of
sample 1. The green color apparently resulted
from the synthetic emerald substance coating the
bottom facets. The refractive indices measured on
the table of sample 1 were the same as those of
the colorless beryl seed (n,=1.571, n,=1.566). It
appears that the overgrowth was removed when
the table was repolished at the conclusion of the
treatment process. On the bottom facets, values
of n,=1.590, n.=1.582 were obtained, which are
comparable to the data for other Lechleitner syn-
thetic emeralds.

Unfortunately, we do not know the precise
experimental conditions under which a crystal-
line phase with beryl structure that contains up
to 13.20% Cr,O, replacing A1,0; in the beryl lat-

“tice is formed.

CONCLUSIONS

It is evident from these experiments that the in-
tense green of the Lechleitner synthetic emerald
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TABLE 2. Refractive indices and chromium content of Lechleitner synthetic emeralds.

Refractive index

Cr,04
Sample No Ne Mean (in weight %)
1 1.571 1.566 1.5685 —
2 1.580 1.572 1.576 3.99
3 1.582 1.575 1.5785 4.25
4 1.586 1.580 1.583 5.76
5 1.590 1.583 1.5865 6.09
6 1.600 1.590 1.595 7.55
7 1.610 1.601 1.6055 10.01
8 Broad shadow edges for Scanning profile across the table:

n, and ne

7.64, 8.23, 9.12, 10.09, 9.87,
11.28, 12,92, 13.18, 13.20, 12.25,
11.62, 10.82

is the result of the extremely high chromium con-
tent in the synthetic emerald that coats the col-
orless beryl seeds. By minimizing the thickness
of the overgrowth and the time required for crys-
tallization, the producers of the Lechleitner syn-
thetic emeralds can offer these stones at a reason-
able price. A totally synthetic piece with a
comparable high chromium content would cer-
tainly be too dark for jewelry and, therefore, un-
usable. The chromium content of Linde synthetic

emeralds, for example, ranges from 0.3% to 1.2%
and leads to refractive indices of n,=1.571-1.578,
n.=1.566—1.572 (Flanigen et al., 1965). The greater
variation in the optical data for natural emeralds
is due to the fact that the refractive indices are
determined not only by the chromium content of
the individual stone (which has been reported as
high as 2.00%; Feklichev, 1963), but also by the
percentages of other foreign admixtures, e.g., iron
or alkali oxides, present in each.
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