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A new production of hydrothermal synthetic emeralds, grown in the Czech Republic with Italian
technology, has been marketed since December 2004 with the trade name Malossi synthetic
emerald. Several samples were investigated by standard gemological methods, combined with
chemical analyses and UV-Vis-NIR and IR spectroscopy. A comparison of this material with
natural and synthetic emeralds (the latter grown by the flux and hydrothermal techniques) reveals
that microscopic features and chemical composition, along with the mid-infrared spectrum, are
diagnostic of Malossi hydrothermal synthetic emerald.

B

ecause of emerald’s commercial value, a
remarkable number of synthetic emeralds,
grown by flux and hydrothermal processes,
have entered the market over the past five decades.
The hydrothermal synthetic emeralds are particularly notable in terms of the quantity produced and
their availability (see, e.g., Kane and Liddicoat,
1985; Koivula et al., 1996; Schmetzer et al., 1997;
Koivula et al., 2000; Chen et al., 2001; Mashkovtsev
and Smirnov, 2004).
The present study focuses on a new hydrothermally grown synthetic emerald manufactured since
2003 in Prague, Czech Republic. This new gem
material, called Malossi synthetic emerald (figure 1),
has been marketed since December 2004 in Italy by
Arsaurea Gems (Milan) and in the U.S. by Malossi
Inc., the U.S. subsidiary of Malossi Created Gems
(Raleigh, North Carolina). Currently, about
5,000–6,000 carats of the faceted synthetic emeralds
are produced per year, and this rate is expected to
increase (A. Malossi, pers. comm., 2005). The crystals produced so far range from 25 to 150 ct, with a
mean weight of about 77 ct, and the largest faceted
stone obtained weighs about 15 ct (A. Malossi, pers.
comm., 2005). In this article, we report the distinc-
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tive features of Malossi synthetic emeralds that can
be used to distinguish this material from natural and
other synthetic (hydrothermal and flux) emeralds.

GROWTH TECHNIQUE
Malossi synthetic emeralds are grown at about
450°C in a small rotating autoclave that is lined
with gold and carefully sealed. A seed of natural yellow beryl, suspended by a platinum wire, is used to
help initiate growth. Concentrated hydrochloric
acid is usually used to prevent Cr (the only chromophore used) from precipitating. Large crystals of
the synthetic emerald can be grown in 40–60 days
(A. Malossi, pers. comm., 2005).

MATERIALS AND METHODS
For this study, we examined 30 emerald-cut gems
and 5 rough samples of the new synthetic emerald,
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Figure 1. Malossi synthetic emeralds are
grown by a hydrothermal technique in the
Czech Republic, using
Italian technology.
These crystals
( 2 8 . 40–141.65 ct and
7 . 1–69.9 mm) and
emerald cuts (1.34–7.89
ct) are some of the
samples examined for
this study. Photo by
Alberto Malossi.

which were provided by A. Malossi (see, e.g., figure
1). The faceted samples weighed 1.34–7.89 ct, and
the rough specimens ranged from 28.40 to 141.65
ct (30.0–69.9 × 10.8–22.5 × 7.1–14.8 mm). Representative faceted samples of hydrothermal synthetic emeralds from other commercial sources (all
from the collection of the Italian Gemological
Institute) were studied for comparison: Russian (5),
Biron (5), and Linde-Regency (1). In addition, literature comparisons were made to other synthetic
emeralds produced by the hydrothermal technique
(Chinese, Lechleitner), as well as to flux synthetics
and natural emeralds.
All the faceted samples were examined by standard gemological methods to determine their optical properties (refractive indices, birefringence, and
pleochroism), specific gravity, UV fluorescence, and
microscopic features.
Preliminary qualitative and semiquantitative
chemical analyses of 11 faceted synthetic specimens (8 Malossi, 1 Russian, 1 Biron, and 1 LindeRegency) were obtained by a Cambridge
Stereoscan 360 scanning electron microscope,
equipped with an Oxford Isis 300 energy-dispersive
spectrometer, for the following elements: Si, Al, V,
Cr, Fe, Ni, Cu, Na, Mg, and Cl. Quantitative
chemical data (for the same elements) were
obtained from these same 11 samples using an
Applied Research Laboratories electron microprobe fitted with five wavelength-dispersive spectrometers and a Tracor Northern energy-dispersive
spectrometer.
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Room-temperature nonpolarized spectroscopy in
the visible (460–750 nm), near-infrared (13000–4000
cm −1), and mid-infrared (4000–400 cm−1) regions
was carried out on all Malossi, Russian, Biron, and
Linde-Regency samples. We used a Nicolet NEXUS
FTIR-Vis spectrometer, equipped with a diffuse
reflectance accessory (DRIFT), which had a resolution of 4 and 8 cm−1 in the infrared and visible
ranges, respectively.
Mid-infrared spectroscopy (4000–400 cm−1) was
also carried out in transmission mode using KBr
compressed pellets with a 1:100 ratio of sample:KBr.
Since this is a destructive technique, we restricted
these IR measurements to portions of two rough
specimens only.
Additional UV-Vis-NIR reflectance spectra were
recorded by an Avantes BV (Eerbeek, the Netherlands) apparatus equipped with halogen and deuterium lamps and a CCD spectrometer with four gratings (200–400 nm, 400–700 nm, 700–900 nm, and
900–1100 nm), a 10 µm slit, and a spectral resolution of 0.5 nm. A polytetrafluoroethylene disk
(reflectance about 98% in the 400–1500 nm range)
was used as a reference sample.
X-ray powder diffraction was also used to investigate an incrustation on the surface of one
Malossi synthetic emerald crystal. Measurements
were performed at room temperature, by means of
a Bragg-Brentano parafocusing X-ray powder
diffractometer Philips X’Pert, in the θ−θ mode,
with CuKα radiation (λ = 1.5418 Å), over the range
of 5° to 75° 2θ.
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RESULTS AND DISCUSSION
Gemological Testing. The standard gemological properties obtained on the 30 faceted Malossi samples are
summarized in table 1. All the samples were transparent, with a bluish green color. They exhibited
strong dichroism in yellowish green and bluish green.
Their R.I. and S.G. values: (1) overlapped those of
their natural counterparts, especially low-alkali
emeralds from various geographic localities (such as
Colombia and Brazil; Schrader, 1983); (2) were similar to those we measured in Biron and LindeRegency synthetics, and to those reported for Lechleitner and Chinese synthetic emeralds (Flanigen et
al., 1967; Kane and Liddicoat, 1985; Schmetzer,
1990; Webster, 1994; Schmetzer et al., 1997; Sechos,
1997; Chen at al., 2001); but (3) were lower than
those of our Russian synthetic samples (in agreement with Schmetzer, 1988; Webster, 1994; Koivula
et al., 1996; Sechos, 1997). Most flux-grown synthetic emeralds from various manufacturers have R.I.,
birefringence, and S.G. values that are lower than
those observed in the Malossi samples (for comparison, see Flanigen et al., 1967; Schrader, 1983;
Kennedy, 1986; Graziani et al., 1987). The pleochroism and Chelsea filter reaction of the Malossi samples were not diagnostic of synthetic origin.
The various synthetics showed significant differences in their fluorescence to UV radiation: Malossi
synthetic emeralds belonged to a group exhibiting
red UV fluorescence that includes Linde-Regency
and Chinese products, whereas Russian and Biron
synthetic emeralds are inert to long- and short-wave
TABLE 1. Gemological properties of Malossi hydrothermal synthetic emeralds.
Color
Diaphaneity
Optic character
Refractive indices
Birefringence
Specific gravity
Pleochroism

Chelsea filter reaction
UV fluorescence
Internal features
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Figure 2. Straight, parallel growth bands, which also
may be present in natural emeralds, are seen in this
faceted Malossi synthetic emerald. Photomicrograph
by Renata Marcon; magnified 30×.

UV radiation. The fluorescence of Malossi synthetic
emeralds might hint at a synthetic origin, although
a few high-Cr and low-Fe Colombian emeralds have
red UV fluorescence, too (Graziani et al., 1987).
The Malossi synthetic emeralds showed a variety
of internal features when viewed with a gemological
microscope. Growth patterns of various forms
(straight, parallel, uniform, angular, and intersecting),
often associated with color zoning, were widespread
in some of the crystals and cut stones (e.g., figure 2).
Irregular growth structures (figure 3), similar to those
observed in other hydrothermal synthetic emeralds,
were seen in almost all the samples, hence providing
evidence of hydrothermal synthesis. Six of the
faceted Malossi synthetic emeralds contained seed
Figure 3. Irregular growth structures are also seen in
Malossi synthetic emeralds. Such features provide evidence of a hydrothermal synthetic origin. Note also
the natural-appearing “fingerprints” in this sample.
Photomicrograph by Renata Marcon; magnified 35×.

Bluish green
Transparent
Uniaxial negative
n o = 1.573–1.578
n e = 1.568–1.570
0.005–0.008
2.67–2.69
Strong dichroism:
o-ray = yellowish green
e-ray = bluish green
Strong red
Short-wave: moderate red
Long-wave: weak red
Crystals (probably synthetic phenakite),
“fingerprints”, two-phase inclusions,
growth tubes, fractures, various forms
of growth structures, color zoning, seed
plates, irregular growth zoning
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Figure 4. A seed plate (with obvious fluid inclusions)
forms the table of this faceted Malossi synthetic emerald (3.92 ct). Photomicrograph by Renata Marcon.

plates (figure 4; this seed plate had n e = 1.568, no =
1.573, and a birefringence of 0.005). In some cases,
irregular growth zoning was seen in the synthetic
overgrowth adjacent to the seed plates. The presence
of a seed plate is proof of synthetic origin.
“Fingerprints” and two-phase (liquid and gas)
inclusions were observed in most of the Malossi samples (figure 5). In some cases, these inclusions were
similar to those observed in natural emeralds, in contrast to flux-grown synthetics, in which any fingerprint-like inclusions consist of fractures that are
healed by flux filling. Fractures were also common in
the Malossi synthetic emeralds, but they do not provide any evidence of synthetic origin. Two Malossi
samples contained small cone-shaped growth tubes,
filled with a fluid, similar to those that were recently
documented in a natural emerald (Choudhari, 2005).
Prismatic, transparent, and colorless crystals—alone

or in aggregates—were observed in four Malossi samples (figure 6). On the basis of their morphology, birefringence, and refractive index (higher than that of
emerald), such crystalline inclusions are probably
phenakite (Be2SiO4), which is somewhat common in
hydrothermal synthetic emeralds (Flanigen et al.,
1967) and also may provide evidence that the host
emerald is synthetic (Kane and Liddicoat, 1985).
X-ray powder diffraction of an incrustation on
the surface of one Malossi synthetic emerald crystal
revealed the presence of phenakite and beryl, hinting at the occurrence of an incongruent precipitation of beryl (Nassau, 1980; Sinkankas, 1981). We
did not observe the lamellar metallic inclusions
that are sometimes present in other synthetic emeralds (e.g., gold, which is frequently found in Biron
samples; Kane and Liddicoat, 1985).
Chemical Composition. Quantitative chemical
analyses of eight Malossi synthetic emeralds (samples A to H) and three other hydrothermal synthetic
emeralds (one each from Russian, Biron, and LindeRegency production) are summarized in table 2.
Chromium was the only chromophore found in
the Malossi samples. The following elements were
below the detection limits of the electron microprobe: Na, Mg, V, Fe (in all but one sample), Ni, and
Cu. Cl, probably from the growth solution (Nassau,
1980; Stockton, 1984; Kane and Liddicoat, 1985; see
also Growth Technique section), was inhomogeneously distributed within the samples and
between different specimens, as shown in figure 7.

Figure 5. This faceted Malossi synthetic emerald contains conspicuous “fingerprints” (left) that are composed of
tiny two-phase (liquid/gas) inclusions (right). Photomicrographs by Renata Marcon; magnified 8× (left) and 60×
(right, in darkfield illumination).
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Figure 6. These images show
examples of inclusion aggregates formed by transparent
colorless prismatic crystals in
Malossi synthetic emeralds.
Their optical characteristics
and occurrence in hydrothermal synthetic emerald suggest they are phenakite.
Photomicrographs by Renata
Marcon, in darkfield illumination (left, magnified 100×)
and with crossed polarizers
(right, magnified 50×).

The Cl content ranged up to 0.93 wt.%, with a
mean value of 0.10 wt.%.
Figure 8 and table 2 compare the chemical properties of Malossi synthetic emeralds to those of representative samples from other hydrothermal producers. The chemical composition of Malossi synthetic
emeralds is distinctively different from Russian and

Biron synthetics. In agreement with the results of
Schmetzer (1988), Mashkovtsev and Solntsev (2002),
and Mashkovtsev and Smirnov (2004), our Russian
synthetic sample contained Cr, Fe, Ni, and Cu, but
neither Cl nor V was detected. Although not tested
for this study, Lechleitner synthetic emeralds reportedly have a similar composition (Hänni, 1982;

TABLE 2. Averaged electron-microprobe analyses of Malossi and other hydrothermal synthetic emeralds.a
Malossi
Sample
No. analyses
Oxides (wt.%)
SiO2
Al2O3
V2O3
Cr2O3
Fe2O3b
NiO
CuO
Cl
BeOd
Total

A
8

B
6

66.21
18.96
bdl
0.36
bdl
bdl
bdl
0.21c
13.79

66.00
19.01
bdl
0.43
0.06
bdl
bdl
0.09c
13.74

99.53

99.33

C
13
66.01
19.69
bdl
0.51
bdl
bdl
bdl
0.14c
13.74

Biron

LindeRegency

D
4

E
9

F
5

G
6

H
5

9

5

7

65.81
19.42
bdl
0.60
bdl
bdl
bdl
0.03c
13.70

65.34
18.81
bdl
0.82
bdl
bdl
bdl
0.05
13.60

65.72
18.14
bdl
1.96
bdl
bdl
bdl
0.06
13.68

64.50
18.28
bdl
1.01
bdl
bdl
bdl
0.06
13.43

66.02
19.35
bdl
0.66
bdl
bdl
bdl
0.09
13.74

64.33
16.77
bdl
0.34
3.31
0.24
0.18
bdl
13.39

64.09
18.56
0.75
0.75
bdl
bdl
bdl
0.31
13.35

65.83
19.05
bdl
0.78
bdl
bdl
bdl
0.18
13.70

99.56

98.62

99.56

97.28

99.86

98.56

97.81

99.54

Cl range

0.07–0.93 0.04–0.14 0.03–0.87

bdl–0.06

0.03–0.11

0.02–0.11

bdl–0.14

bdl–0.25

bdl–0.05

0.28–0.36

0.12–0.34

Cr2O3 range

0.18–1.17 0.36–0.51 0.42–0.59 0.58–0.63

0.76–0.87

1.37–3.53 0.96–1.07 0.63–0.71 0.25–0.40

0.74–0.79

0.49–0.94

6.000
2.048
0.083
0.056
bdl
bdl
bdl
0.049

6.000
2.046
bdl
0.056
bdl
bdl
bdl
0.028

Ions per 6 Si atoms
Si
6.000
Al
2.025
V
bdl
Cr
0.026
Fe
bdl
Ni
bdl
Cu
bdl
Cl
0.032

6.000
2.037
bdl
0.031
0.004
bdl
bdl
0.014

100.09

Russian

6.000
2.109
bdl
0.037
bdl
bdl
bdl
0.022

6.000
2.087
bdl
0.043
bdl
bdl
bdl
0.005

6.000
2.036
bdl
0.060
bdl
bdl
bdl
0.008

6.000
1.952
bdl
0.141
bdl
bdl
bdl
0.009

6.000
2.004
bdl
0.074
bdl
bdl
bdl
0.009

6.000
2.072
bdl
0.047
bdl
bdl
bdl
0.014

6.000
1.843
bdl
0.025
0.232
0.018
0.013
bdl

a

Instrument operating conditions: accelerating voltage = 15 kV, sample current = 15 nA, count time = 20 seconds on peaks and 5 seconds on background,
beam spot size = 15 µm. Standards: natural omphacite (for Si, Fe, Al, Na, Mg) and sodalite (for Cl); pure V, Cr, Ni, and Cu were used for those elements.
Abbreviation: bdl = below detection limit (in wt.%): 0.04 SiO2 ; 0.02 Al2O3 ; 0.05 V2O3; 0.04 Cr2O3; 0.04 Fe2O3 ; 0.11 NiO; 0.10 CuO; 0.02 Cl. Sodium and magnesium were below the detection limits in all analyses (0.01 wt.% Na2O and 0.03 wt.% MgO).
b
Total iron is calculated as Fe2O3 .
c Average Cl content was calculated for 6, 4, 12, and 3 points, respectively, for samples A, B, C, and D.
d
Calculated assuming Be/Si=0.5.
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Schmetzer, 1990). In our Biron sample, V and Cr (acting as chromophores) were found along with Cl,
which is consistent with previously published results
(Stockton, 1984; Kane and Liddicoat, 1985;
Mashkovtsev and Solntsev, 2002; and Mashkovtsev
and Smirnov, 2004). The Linde-Regency synthetic
emerald was characterized by the presence of Cr and
Cl (see also Hänni, 1982; Stockton, 1984), similar to
the Malossi material. However, the Cl content in the
Malossi samples was generally less than 0.12 wt.%,
as shown in figure 7, whereas the Cl in our LindeRegency sample was never below 0.12 wt.%, in keeping with the results of Hänni (1982), who found a Cl
content of 0.3–0.4 wt.% in Linde synthetic emeralds.
Cr and Cl also were recorded in the two different generations of Chinese hydrothermal synthetic emeralds
examined by Schmetzer et al. (1997) and Chen et al.
(2001). Schmetzer et al. (1997) indicated an average Cl
content of ~ 0.68 wt.%, in an earlier Chinese synthetic production, whereas Chen et al. (2001) reported Cl
~ 0.15 wt.%, in the later generation, in addition to a
significant Na2O content (>1 wt.%). The earlier
Chinese production contains more Cl than the
Malossi material; the later Chinese synthetic emer-

Figure 7. The Cl contents measured in eight Malossi
synthetic emeralds (each represented by a different
color) are shown here. Most of the analyses contain less
than 0.12 wt.% Cl (detection limit of Cl is 0.02 wt.%).
For average Cl data, see table 2. Enriched contents of Cl
were recorded in a few of the analyses, which illustrates the compositional inhomogeneity of the samples.

MALOSSI HYDROTHERMAL SYNTHETIC EMERALD

Figure 8. The average contents of Cl, Cr, V, Fe, Ni,
and Cu are shown here for Malossi synthetic emeralds compared to representative samples of Russian,
Biron, and Linde-Regency hydrothermal synthetics
examined as part of this study. The Malossi and
Linde-Regency samples have similar chemical features, which are distinctively different from the
Russian and Biron synthetics.

ald is distinguishable from Malossi synthetics by the
presence of Na.
As previously reported by Hänni (1982), Schrader
(1983), and Stockton (1984), chemical composition
can be of great importance in separating synthetic
and natural emeralds. In the case of Malossi synthetic emerald, the presence of chlorine—which typically is not found in significant amounts in natural
emerald—can be an important indicator. Yu et al.
(2000) reported Cl in some natural emeralds, typically at low concentrations, although some Colombian
and Zambian samples contained up to 0.19 wt.% Cl.
Thus, a Cl content above 0.2 wt.% provides a strong
indication of hydrothermal synthetic origin. The Fefree Malossi synthetic emeralds (except sample B,
with a trace of Fe) were similar in composition to
some Fe-poor natural emeralds from certain localities (such as Colombia), but they are easily distinguishable from Fe-rich natural emeralds (such as
Brazilian, Zambian, and Austrian stones: see Hänni,
1982; Schrader, 1983; Stockton, 1984; Yu et al.,
2000). The absence of any significant Na and Mg in
Malossi synthetic emeralds ≤0.01 and ≤ 0.03 wt.%
oxide, respectively) can be used to separate these
stones from alkali-rich natural emeralds (Hänni,
1982; Schrader, 1983).
Electron-microprobe analyses of a seed plate in a
Malossi sample (again, see figure 4) revealed an
appreciable FeO content (0.40 wt.%), whereas Cr, V,
and Cl were below the detection limits. This composition, combined with the R.I. values of the seed
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plate, is consistent with the producer’s claim that
natural yellow beryl is used for the seed material
(compare to Sinkankas, 1981; Aliprandi and Guidi,
1987; Webster, 1994).
Spectroscopy. The results of UV-Vis-NIR and IR
spectroscopy are summarized in table 3, including a
comparison to natural and other synthetic emeralds.
Mid-infrared spectra (4000–2000 cm−1) in diffuse
reflectance mode are shown in figure 9. A series of
intense peaks between 4000 and 3400 cm−1 in all the
synthetic emeralds we studied is related to their high

water contents (Stockton, 1987; Schmetzer et al.,
1997). Such features are characteristic of both natural
and hydrothermal synthetic emeralds, but they are
not found in flux synthetic samples (Stockton, 1987).
Bands in the range 3100–2500 cm−1, commonly
used to identify hydrothermal synthetic emeralds
(Schmetzer et al., 1997; Mashkovtsev and Smirnov,
2004), were observed in our Malossi samples, as
well as in those from Biron and Linde-Regency (see
also Stockton, 1987; Mashkovtsev and Solntsev,
2002; Mashkovtsev and Smirnov, 2004). Schmetzer
et al. (1997) found these bands in Chinese samples

TABLE 3. Main spectroscopic features of Malossi and other synthetic as well as natural emeralds.
Flux synthetic
emeralds b

Hydrothermal synthetic emeralds a

Mid-IR (4000–
2000 cm−1)

Near-IR
(9000–
4000 cm −1)

Malossi

Russian

Biron

Linde-Regency

Intense absorption
between 4000 and
3400 cm −1, associated with high
water content
Band at 3295 cm −1,
with shoulder at 3232
cm −1, probably related to vibration of
N-H bonds
Group of bands in
the 3100–2500 cm −1
range, associated
with Cl
Combination bands
and overtones of
water molecules

Intense absorption
between 4000 and
3400 cm −1, associated with high
water content

Intense absorption
between 4000 and
3400 cm −1, associated with high
water content

Group of bands in
the 3100–2500 cm −1
range, associated
with Cl
Combination bands
and overtones of
water molecules

Intense absorption
between 4000 and
3400 cm −1, associated with high
water content
Band at 3295 cm −1,
with shoulder at 3232
cm −1, probably related to vibration of
N-H bonds
Group of bands in
the 3100–2500 cm −1
range, associated
with Cl
Combination bands
and overtones of
water molecules

Cr 3+ absorption
features at 430, 476,
600, 637, 646, 662,
681, and 684 nm

Cr 3+ absorption
features at 430, 476,
600, 637, 646, 662,
681, and 684 nm

Combination bands
and overtones of
water molecules
Broad band at 8475
cm −1, related to Cu 2+
UV-Vis-NIR
Cr 3+ absorption
Cr 3+ absorption
(300–1000 nm) features at 430, 476, features at 430, 476,
600, 637, 646, 662, 600, 637, 646, 662,
681, and 684 nm
681, and 684 nm

Natural emeralds b,c

Intense absorption
between 4000 and
3400 cm −1, associated with high
water content

Combination bands
and overtones of
water molecules

Cr 3+ absorption
features at 430, 476–
477, 600, 637, 646,
660-662, 680, and
683 nm

Band at 373 nm,
associated with Fe 3+
Band at 760 nm,
related to Cu 2+

Cr 3+ absorption
features at (420),
430–431, 476, 600–
602, (629), 637,
645, 662, 680, and
683– 685 nm
(Bands at 370 and
423 nm, associated
with Fe 3+)
(Bands at 820 and
833 nm, related to
Fe 2+ )
(Fe 2+/Fe 3+ intervalence charge transfer absorption band
between 599 and
752 nm)

a

Based on results from the present study.
Data from the gemological literature (Wickersheim and Buchanan, 1959; Wood and Nassau, 1967, 1968; Farmer, 1974; Kennedy, 1986; Graziani
et al., 1987; Stockton, 1987; Schmetzer, 1988).
c Features in parentheses are not seen in all natural emeralds.
b
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Figure 9. Mid-infrared spectra (4000–2000 cm −1) in
diffuse reflectance mode are shown for the Malossi,
Russian, Biron, and Linde-Regency hydrothermal synthetic emeralds tested for this study. The spectra
exhibit several differences, particularly in the band at
3295 cm −1 with the associated shoulder at 3232 cm−1
that is so pronounced in the Malossi material. (The
maxima above 3500 cm −1 and below 2200 cm−1
appear flat because of total absorption in these areas).

as well. However, Russian and Lechleitner synthetic emeralds are transparent over the same energy
range (Stockton, 1987; Koivula et al., 1996;
Mashkovtsev and Solntsev, 2002; Mashkovtsev and
Smirnov, 2004; see also figure 9). Schmetzer et al.
(1997) attributed these bands to Cl, in agreement
with more recent results by Mashkovtsev and
Solntsev (2002) and Mashkovtsev and Smirnov
(2004), who specifically cited HCl molecules in the
hexagonal channels of the beryl structure. This
interpretation is consistent with the chemical compositions we determined for Malossi, Biron, and
Linde-Regency synthetics and with the producer’s
statement that Malossi synthetic emeralds are
grown in a solution of HCl.
An additional band at 3295 cm−1, with a shoulder at 3232 cm−1, occurred in both the Malossi and
Linde-Regency products (Stockton, 1987; Mashkovtsev and Solntsev, 2002; Mashkovtsev and
Smirnov, 2004; see also figure 9). Mashkovtsev and
Solntsev (2002) and Mashkovtsev and Smirnov
(2004) attributed this feature to the vibrational
stretching mode of the N-H bond (for details, see
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also references cited in these two articles), which is
consistent with the known use of ammonium
halides in the solutions used for emerald synthesis
(Nassau, 1980).
The “type” of water molecules in Malossi synthetic emeralds can be determined by (destructive)
mid-infrared spectroscopy in transmission mode
(see box A in Schmetzer et al., 1997, for the advantages of transmission IR spectroscopy). In the diagnostic range of 3800–3500 cm−1, we recorded a single sharp absorption band at 3700 cm −1 (figure 10),
which indicates that H2O molecules in Malossi
stones are type I (i.e., their H–H vector is parallel to
the c-axis in alkali-free beryl samples; Wood and
Nassau, 1967, 1968; Charoy et al., 1996; Kolesov
and Geiger, 2000; Gatta et al., in press). All this is in
keeping with the absence of any significant alkali
content in Malossi material, which agrees with
results reported by Kolesov and Geiger (2000), who
observed the same single mode at 3700 cm −1 in
other hydrous synthetic beryl crystals. However,
relatively recent spectroscopic and neutron diffraction studies (Artioli et al., 1995; Charoy et al., 1996;
Kolesov and Geiger, 2000; Gatta et al., in press) suggest that there are some uncertainties about the
vibrational behavior and orientation of H 2 O
molecules in various beryl samples.
Nonpolarized near-infrared spectra (9000–4000
cm −1) in diffuse reflectance mode of our Malossi,
Russian, Biron, and Linde-Regency synthetic

Figure 10. The mid-infrared spectrum (3800–3500 cm−1)
in transmission mode of a pressed pellet containing
powdered Malossi synthetic emerald shows a peak at
3700 cm−1 that is related to the presence of type I
water molecules.
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of Cr3+ and V3+ are very close to one another (see references above and Burns, 1993), it is not possible to
discriminate the patterns of Malossi and LindeRegency synthetic stones (Cr-bearing only) from
those of Biron synthetic samples (Cr- and V-bearing). However, Russian synthetic emeralds show
differences from the other hydrothermal synthetics:
a broad band at about 750 nm, which Schmetzer
(1988, 1990) related to Cu2+, as well as an absorption
at 373 nm, which he associated with Fe3+. In natural
iron-bearing emeralds, absorption bands for Fe3+,
Fe2+, and Fe2+/Fe3+ may also be present (Schmetzer,
1988; again, see table 3).

IDENTIFICATION
Separation from Natural Emeralds. Malossi synthetic emeralds have a number of characteristics that, in
combination, allow them to be separated from natural emeralds:
Figure 11. Near-infrared spectra (9000–4000 cm−1) in
diffuse reflectance mode are shown for the Malossi,
Russian, Biron and Linde-Regency hydrothermal synthetic emeralds studied. The spectra of all samples
exhibit combination bands and overtones of water
molecules, which are typical features of both
hydrothermal synthetic and natural emeralds.

emeralds are displayed in figure 11. All samples
show combination bands and overtones of water
molecules (Wickersheim and Buchanan, 1959;
Wood and Nassau, 1967, 1968; Farmer, 1974).
These features are also typical of natural emeralds
(see references above), whereas they are always
lacking in flux synthetic emeralds. Russian
hydrothermal synthetic emeralds exhibit a broad
band at 8475 cm −1 (see also Koivula et al., 1996;
Mashkovtsev and Smirnov, 2004) related to an
optical transition involving Cu 2 + i o n s
(Mashkovtsev and Smirnov, 2004) that is commonly absent in hydrothermal specimens from
other producers.
Nonpolarized UV-Vis-NIR absorption spectra of
our Malossi, Russian, Biron, and Linde-Regency
hydrothermal synthetic emeralds (figure 12) confirm the presence of Cr3+ through the occurrence of
two broad bands at 430 and 600 nm; peaks at 476,
637, 646, and 662 nm; and a doublet at 681–684 nm
(see Wood and Nassau, 1968; Rossman, 1988;
Schmetzer, 1988, 1990), similar to natural and flux
synthetic emeralds. Given that the absorption peaks
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1. Microscopic features: Irregular growth structures (observed in almost all Malossi synthetic
emeralds), natural seed plates (used to initiate
growth), and phenakite-like crystals (hinting
at the occurrence of an incongruent beryl precipitation) provide evidence of hydrothermal
synthesis.

Figure 12. The nonpolarized UV-Vis-NIR (300–900
nm) absorption spectra of the Malossi, Russian, Biron,
and Linde-Regency hydrothermal synthetic emeralds
tested all show Cr 3+ absorption bands. Only the
Russian sample exhibits other significant features,
such as a peak at 373 nm (related to Fe 3+) and a broad
band at about 750 nm (associated with Cu2+).
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2. Chemical composition: The presence of Cl,
combined with the absence of any significant
amount of Fe, Na, and Mg, provides a useful
tool for the separation from Fe-alkali-bearing
natural emeralds. In the case of Fe-NaMg–poor natural samples (such as Colombian
stones), a Cl content >0.2 wt.% can be used to
identify the Malossi synthetics, although due to
possible compositional overlap, chemical analysis alone is not a reliable proof of synthesis.
3. Spectroscopic measurements: Mid-infrared
bands in the 3100–2500 cm−1 range, related to
Cl, and a band at 3295 cm −1 with an associated
shoulder at 3232 cm −1, are further diagnostic
features of Malossi synthetics.
In summary, Malossi synthetic emeralds are
readily separated from most natural Fe- and/or
alkali-bearing emeralds, whereas a combination of
the diagnostic features discussed above is required
to separate them from Fe- and alkali-poor natural
emeralds.
Separation from Other Synthetic Emeralds. Malossi
hydrothermal synthetic emeralds are readily separated from flux synthetic emeralds because the latter
have (1) lower refractive indices (from 1.556), birefringence (from 0.003), and specific gravity (from
2.64); (2) typical flux inclusions; and (3) do not exhibit water-related bands in the mid- (between 4000 and
3400 cm−1) and near-IR (9000–5000 cm−1) spectra.
Malossi synthetic emeralds, which are Cr- and
Cl-bearing, differ from the Russian, Lechleitner, and
Biron hydrothermal synthetic emeralds studied to
date on the basis of chemical composition. Russian
and Lechleitner synthetics have Cr, Fe, Cu, and Ni,
while Biron has V in addition to Cr and Cl. These
differences can be seen in their gemological and
spectroscopic properties. The separation of Malossi
from Chinese synthetic emeralds may be possible
based on either a larger amount of Cl in the earliergeneration Chinese material or the presence of Na
in the later-generation Chinese synthetics. Also,
according to information given by Chinese gemologists at the Fall 2004 International Gemological
Congress in Wuhan (China), the production of
Chinese hydrothermal synthetic emeralds has been
discontinued (K. Schmetzer, pers. comm., 2005).
The chemical separation of Malossi from LindeRegency hydrothermal synthetic emeralds is less
straightforward and further research is needed.
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Figure 13. Faceted Malossi synthetic emeralds have
been commercially available in Italy and in the U.S.
since December 2004. These emerald cuts (4.00 ct,
left, and 2.20 ct, right) are set in rings together with
synthetic moissanite (total weight = 1.22 carats, left,
and 1.04 carats, right). Photos by Alberto Malossi.

CONCLUSIONS
A new type of hydrothermal synthetic emerald is
now being produced in the Czech Republic with
Italian technology. These Malossi synthetic emeralds have been commercially available since
December 2004 (figure 13). This material belongs to
the group of Cl-bearing, alkali-free hydrothermal
synthetic emeralds, with Cr 3+ as the only chromophore. Type I water molecules are located in the
center of the hexagonal channels that make up the
beryl structure.
Malossi synthetic emerald can be distinguished
from its natural counterpart on the basis of microscopic features (in particular, irregular growth structures, seed plates, and/or phenakite-like crystals), as
well as by the presence of Cl combined with the
absence of significant Fe, Na, or Mg. In addition,
mid-infrared spectroscopy reveals diagnostic bands
in the 3100–2500 cm −1 range and at 3295 cm −1
(with a shoulder at 3232 cm −1).
Malossi hydrothermal synthetic emerald can be
easily discriminated from its flux synthetic counterpart, primarily on the basis of the absence of water
molecules in the latter. The separation from Russian,
Lechleitner, and Biron hydrothermal synthetic emeralds can be made on the basis of chemical composition. The distinction from Chinese hydrothermal synthetic emeralds can be made on the basis of enriched
Cl (earlier Chinese products) or Na (later-generation
Chinese products). The discrimination from LindeRegency hydrothermal synthetic emeralds is more
ambiguous, and further research is needed.
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