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Table 1 Size, refractive index, relative density, and polychromatic characteristics of the samples

FERaS i (g) RS (mm) Yo PUCT R I AT 25 EAuRcXET0
1 0.5583 8.47x8.02%5. 83 1.573~1.580 0. 007 2.56 W . 5 G/
2 0.1748 7.01x4.98x3. 53 1.572~1.581 0.009 2.72 M . BE Sk 0/ Bt
3 0. 1803 6.99x4.98x3. 50 1.578~1.585 0. 007 2.69 TS SV 35
4 0. 2067 7.95%5.94x3. 71 1.579~1.588 0. 009 2.75 RS S Ve )
5 0.2015 7.98x5.98%3. 66 1.571~1.579 0.008 2.78 BTy s SEvEE SN

— 308 —



R, 45 KBk U — Fiog UL R 2 547 2 KOG 2 4k

Ft

() KEYIEE R, BREPFE5X)

(b) A T VLGE T P L A2 K ECBE(15X)

(c) B EA R A nRIR AR (30X)

Pl 1 FERNEORMSEFAE

Fig. 1 Magnification characteristics of the samples. (a) The surface was well cut ,

(d) ZEERFEAf3 BE T ILEEADL 7K B 80 AR GUH(15X)

the edges were straight (15X); (b) Straight

growing texture could be observed from the mesa observation (15X); (c¢) There were black dotted inclusions inside (30X) ;

(d) Suspected water ripple growth texture could be seen from an angle of the pavilion (15X).
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FTIR spectra of natural emeralds and synthetic emeralds. (a) Infrared reflectance spectra of the sample; (b) Infrared

transmission spectra of the sample; (c¢) Infrared transmission spectra of emerald synthesized by different methods"!;

(d) Infrared transmission spectra of emeralds from different origins''’.
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Fig. 3 UV-visible spectra of the tested samples and natural emeralds. (a) UV-Vis spectra of tested samples; (bh) UV-Vis specira of

emeralds from different origins'"*’.
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HIGHLIGHTS

(1) Conventional gemological instruments and infrared spectroscopic analysis cannot determine the genesis of the
new type of synthetic emeralds.

(2) The key detection features of this new type synthetic emerald are that the intensity of the Ni peak is much
stronger than that of the Cr peak in EDXRF analysis and it is not obvious in the absorption band of 810
850nm in the UV-Vis spectroscopy.

(3) Accurate identification of this new type of synthetic emerald requires a comprehensive analysis by multiple

methods.

ABSTRACT

BACKGROUND: The emerald is loved by people because of its gorgeous color and is respected as one of the
world’ s four major gems. Due to the high value of emeralds, a variety of synthesis and optimization methods have
emerged. The hydrothermal method is one of the common methods to produce synthetic emeralds. The emeralds
synthesized by this method have typical water ripple texture, showing a serrated parallel arrangement, and the
characteristic peaks of the infrared absorption spectrum in the range of 2300-3100cm™"' are the main identification
feature. However, some emeralds synthesized by this method do not have the above typical characteristics. This has
brought a great challenge to the quality inspection agencies, and brought many doubts to the majority of consumers,
and affected the stability of the gem market.

OBJECTIVES:; It is essential to study the new emerald synthesized by this new hydrothermal method. The
refractive index, density, polychromatism, and infrared absorption spectrum characteristics of the tested samples
are very similar to those of natural emeralds, so infrared absorption spectrum analysis cannot obtain the supporting
evidence of its cause. Based on this, the gemological and spectral characteristics of the test samples were studied by
ultraviolet visible spectrum, energy dispersive X—ray fluorescence spectrometry (EDXRF) and other spectroscopic
means. Finally, the test samples were determined to be a new kind of emerald synthesized by the hydrothermal
method.

METHODS ; The refractive index, birefringence, relative density, polychromaticity and weight of the samples
were tested by refractometer, electronic balance, and dichroic mirror. The internal and external characteristics of
the test samples, the cutting and polishing quality of the samples, and the characteristics of internal inclusions were
observed by gem microscope. The infrared reflection spectrum and infrared transmission spectrum characteristics of
the samples were analyzed by Fourier transform infrared spectrometer and compared with the infrared spectrum
characteristics of emeralds from different origins. The absorption spectrum characteristics of the samples were
analyzed by ultraviolet —visible spectrometer, focusing on the absorption peak characteristics near 830nm. The
element characteristics of the samples were tested by EDXRF, because the content characteristics of Cr and Ni in
emerald are the key to identify whether it is natural or not.

RESULTS: The mass of the tested samples was 0. 17 —0. 56g, the refractive index was 1. 571 —1. 588, the
birefringence was 0. 007-0. 009, the relative density was 2. 56-2. 78, and the polychromaticity was obviously blue
—green/green. These conventional gemological characteristics were consistent with natural emeralds. The samples
were observed under a gemstone microscope, and the samples had a parallel texture of suspected water ripple, but
not typical. The water ripple texture of the typical hydrothermal synthetic emeralds was serrated parallel
arrangement. However, the characteristics under the gem microscope should arouse the suspicion of jewelry
inspectors.

The infrared reflectance spectra of the samples had characteristic peaks of 1242, 1219, 1022, 968, 810,
741, 687, 594, 528, 490, and 459cm™'. The characteristic peaks of 1242, 1219, 1022, 968, 810, 741, and
687cm™" were caused by the stretching vibration of Si—0—Si and 0—Si—O, and the characteristic peaks of 594,
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528, 490, and 459cm™" were caused by the bending vibration of Si—O and the vibration of M—O. The infrared
reflection spectrum characteristics of the samples were consistent with the infrared spectrum characteristics of beryl,
but the infrared spectrum characteristics of the fingerprint area could not indicate whether the samples were natural
or synthetic.

The infrared transmission spectra of the samples had 5445, 5273, 5109, 4874, 4800, 4650, 4547, 3321,
3222, 3027, 2953, 2928, and 2431cm™' characteristic peaks. 5273cm™' was caused by type Il water absorption,
5445cm™" and 5109c¢m™" were caused by type I water absorption. The type Il water absorption peak of the test

"and 5109¢m™" were

samples was relatively sharp at 5273cm™", and the type | water absorption peaks at 5445cm”
relatively strong. Compared with previous studies, the shape and intensity of water absorption peaks of natural
emerald and hydrothermally synthesized emerald were different. The infrared absorption spectrum characteristics of
the water of the test sample were different from those of natural emerald, but the diagnostic direct evidence could
not be obtained from the infrared absorption spectrum. The infrared peak in the range of 2300-3100cm ™" is caused
by CI” ion absorption. According to the results of previous studies, the absorption intensity of hydrothermal
synthetic emeralds in this wavenumber range was significantly stronger than that of natural emeralds. The infrared
absorption spectra of the test samples were relatively weak in the range of 2300-3100cm™" , which was more similar
to the infrared absorption spectrum characteristics of natural emeralds in Colombia, Yunnan, Madagascar and
Brazil, and was obviously different from the infrared absorption spectrum results of emeralds synthesized by the
hydrothermal method. There were obvious differences between the infrared transmission absorption spectra of the
traditional hydrothermal synthetic emeralds and natural emeralds. The characteristics of infrared absorption spectra
are important evidence for identifying the genesis of emeralds. However, it is difficult to obtain the final accurate
conclusion from the infrared absorption spectrum analysis of the test samples described in this paper, so they have
been named ‘new’ type.

The UV—-Visible spectrum characteristics of the test samples showed that the absorption peak below 350nm was
caused by the Fe’" =0 charge transfer band in emerald, the absorption peak at 429nm was caused by Cr’* ions,
the broad absorption band at 550 — 650nm was mainly caused by Cr’* ions, the absorption peak at 683nm was
caused by Cr’* ions, the sharp absorption peak at 956nm was caused by water absorption, and the broad absorption
peak near 850nm should be caused by Fe’" absorption, which was rarely seen in the previous hydrothermal
synthesis of emerald. The combination of Cr'* and Fe’* replacing AlI’* makes emerald, green. The absorption peak
of UV-Visible spectrum caused by Fe’* in natural emerald was in the range of 810-850nm, and only a few of the
absorption bands caused by Fe’* in natural emeralds are not obvious. The absorption band of the UV - Visible
spectra of the test samples was not obvious or weak in the range of 810—850nm, and the 850nm absorption peak of
individual samples was obvious. Therefore, the emeralds examined by ultraviolet — visible spectroscopy may be
synthetic, but this could not be conclusively confirmed.

The EDXRF results showed that the samples had Fe, Ni and Cr elements, which was different from previous
studies of natural emeralds. Yang Zhuo(2010) studies showed that the main trace elements in natural emeralds,
from different origins such as Brazil, Colombia, Egypt, India, South Africa, Zimbabwe and Canada by LA-ICP-
MS, were Fe, V, Cr, Mg, Na and Cs, but the content of Ni was very low, far lower than that of Cr. The content
of Cr in Yunnan emeralds was 58—177ug/g, and Ni was not detected (Bai et al. , 2019). The chemical element
characteristics of gem—grade emeralds in Afghanistan, Brazil, Colombia, Ethiopia, Madagascar, Russia, Zambia
and Zimbabwe showed that Ni element was not detected ( Karampelas et al. , 2019). The elemental composition of
emeralds from South Africa, Afghanistan, Australia, Colombia, Egypt, Madagascar, Zambia, Zimbabwe, Tanzania
and China was analyzed by electron probe microanalysis, and Ni was not detected ( Lum et al. , 2016). It could be
seen that Cr and Fe elements coexisted in natural emeralds, but Ni was almost non—existent. EDXRF was used in

this study without quantitative analysis but calibrated by the gold standard sample, and the relative peak intensity of
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the element was of great significance. The peak intensity of the Ni element in the test sample was much higher than
that of the Cr element, which did not conform to the element content characteristics of the natural emerald, and was
consistent with the high content of Ni in the hydrothermal synthesis of emerald reported by Lu and Shen (2021) and
Yang et al. (2022). The comprehensive analysis showed that the test sample was a synthetic emerald.

CONCLUSIONS: The infrared absorption spectrum characteristics of the test samples are similar to those of
natural emeralds, and the infrared absorption spectrum could not be used as a basis for identifying the genesis of
emeralds. Previous studies show that a set of absorption peaks in the range of 2300—-3100cm™" in the infrared
absorption spectrum is an important identification feature of the hydrothermal synthesis of emeralds, but this feature
is not obvious in the tested samples. The UV-Visible spectrum of the sample shows that the absorption band near
810-850nm related to Fe’" is not obvious. The X-ray fluorescence spectra of the samples show that the Ka peak
intensity of Ni is much higher than that Ko of Cr, which is the main feature of the new emerald synthesized by the
hydrothermal method. It could be seen from the experimental results that the identification of jewelry and jade is a
systematic work. It is necessary to learn from the previous results and combine the comprehensive analysis of

various detection methods to obtain the correct result.

KEY WORDS: emeralds; hydrothermal method; infrared spectroscopy; UV — Vis spectroscopy; X — ray

fluorescence spectrometry ; identification characteristics

%%iﬁk alds from the most important occurrences; Chemical and
(1] 7 A MK A B AL SRS R B spectroscopic data[ J]. Minerals, 2019,9:561-590.
ST FAMEAF25,1999,1(1) .40-44. [7] Huong L T, Hofmeister W, Hiiger T, et al. A preliminary
Shi G H. FTIR features of Guilin hydrothermally - grown study on the separation of natural and synthetic emeralds
synthetic emerald and its significance [ J ]. Journal of using vibrational spectroscopy [ J]. Gems & Gemology,
Gems and Gemmology,1999,1(1) :40-44. 2014,50(4) :287-292.
(2] . 2T A At b DXAH B 2 7= b RRAE 1) X LE BT 55 [8] REDG. AU E ML AN AR R [ M.
[ DT L5 o s FR (IE50) L 2010. ALt PR SCHR AT, 1994,
Yang Z. Comparative study on locality features of emerald Wu J G. Modern Fourier transform infrared spectroscopy
in Yunnan and which in other areas of the world[ D ]. and its application[ M ]. Beijing: Science and Technology
Beijing : China University of Geosciences ( Beijing) ,2010. Literature Press,1994.
[3] M, ZRMHE. M2 WK A A iU B 4 1Y) 55 A0 2 [9] sactt Xie it oL soeg LI M. et B2
MEWFFEL )], AR E A%, 2010,12(1) : 12-15. AR, 1982.
Sun Z,Li Y L. Study on gemological characteristics of Peng W S, Liu G K. Atlas of mineral infrared spectro—
Russian hydrothermal synthetic emerald [ J ]. Journal of scopy[ M. Beijing: Science Press,1982.
Gems and Gemology,2010,12(1) :12-15. [10]  sksalgh, skfif BRI, 5. KRG iR ¢ (B sk
(4] ORI, FARRLAESE S A AL L5 BT S i 05 17 2 JOB R RS (0. B 5B 57
JEIERFFE[ 1], AL, 2011,30(2) :233-237. 2021,41(7) :2258~-2262.
Shen K Y. Study on chemical compositions and infrared Zhang J L, Zhang Q, Pei J C, et al. Gemological and
absorption spectra of natural and synthetic emeralds[ J]. spectroscopy characteristics of synthetic blue — green
Rock and Mineral Analysis,2011,30(2) :233-237. beryl by hydrothermal method [ J ]. Spectroscopy and
[5] BREE, JTHIS], Bhf, 55, M2 0T BRALUK ik &l Spectral Analysis,2021,41(7) :2258-2262.
MBS RFAE BT ST [ ], A F1E A % 2R 3K, 2014, [11] RAERT. RGUE A5 M. JEAT HuS Rkt , 2006.
16(1) .26-34. Zhang B L. Systematic gemology [ M ]. Beijing: Geology
Shao H J,Qi L J,Zhong Q,et al. Study on characteristics Press,2006.
of iron-rich hydrothermal synthetic emerald from Russia, [12] Wood D L, Nassau K. The characterization of beryl and
2014,16(1) :26-34. emerald by visible and infrared absorption spectroscopy
[6] Karampelas S, Al-Shaybani B, Mohamed F,et al. Emer— [J]. American Mineralogist, 1968 ,53(5-6) :777—-800.

— 315 —



HOW

H2

mak

2023 4

http;//www. ykes. ac. cn

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

Qin L J,Yu X Y,Guo H S. Fluid inclusion and chemical
composition characteristics of emeralds from Rajasthan
area,India[ J ]. Minerals,2022,12.1-20.

Saeseaw S, Nathan D R, Aaron C P, et al. Geographic
origin determination of emerald[ J]. Gems & Gemology,
2019,55(4) :614-646.

Guo H S,Yu X Y,Zheng Y Y, et al. Inclusion and trace
element characteristics of emeralds from Swat Valley,
Pakistan[ J]. Gems & Gemology,2020,56(3) :336—355.
Krzemnicki M S, Wang H A O, Biiche S. A new type of
emerald from Afghanistans Panjshir Valley [ J ]. The
Journal of Gemology,2021,37(5) :474-495.

Bai F,Pan H H,Li X M. Replacement degree of Al’**
and Cr/V ratio in high =V emeralds from Malipo,
Yunnan, China [ J ]. Arabian Journal of Geosciences,
2019,12.376-385.

TrdE, BT ARINER , 5. 2004 e K R RIHL B 21
HIMSETERRAE B HAE R R 52 )] ATk, 2019,
38(2) :169-178.

Qiao X,Zhou Z Y,Nong P Z,et al. Study on the infrared
spectral characteristics of H,O I —type emerald and the
controlling factors [ J ]. Rock and Mineral Analysis,
2019,38(2) :169-178.

Pignatelli I, Giuliani G, Ohnenstetter D. Colombian trapi—
che emeralds: Recent advances in understanding their
formation[ J |. Gems & Gemology,2015,51(3) ;222-259.
Lum J E, Viljoen K S, Cairncross B. Mineralogical and
the
Leydsdorp area,South African[ J]. South African Journal

geochemical characteristics of emeralds from

— 316 —

(21]

(22]

[23]

[24]

of Geology,2016,119(2) ;359-378.

T ESL A WP B TR BT XS 2 AT SR
BT SRA B2k A [T]. A7, 2010,29(2)
179-181.

Ren W, Wang L J, Li J P. Detection of emerald from
Xinjiang by electron probe microanalyzer and X — ray
diffractometer [ J ]. Rock and Mineral Analysis, 2010,
29(2) :179-181.

OB T8 AL, XA, 4. LT IREF FIfX X 52k
TSRV B 22 48 - B 22 4 Jm 7 IR h AL R ¢ 2
HATL)]. AL, 2018,37(3) :336-345.

Dai HZ,Wang D H,Liu L J, et al. Study on emerald-
level beryl from the Zhen’ an W—Be polymetallic deposit
in Shaanxi Province by electron probe microanalyzer and
micro X — ray diffractometer [ J ]. Rock and Mineral
Analysis,2018,37(3) :336-345.

PR B L T b A A A R S E RRAE
[J]. FEAMTEAFAARE,2021,3(5) :51-59.

Lu L, Shen X T.
“recrystallized synthetic emerald” [ J]. Journal of Gems
and Gemology,2021,3(5) :51-59.

W B T B A SF. I e PLRUKIGE &
BB SR 28 W] W3R LT AN RAE [T ], il
5647 ,2022,42(4) 1 1199-1203.

Yang Y L, Shen X T,Fan Y R, et al. UV - Vis—NIR

Identification characteristics  of

spectroscopic  characteristics of vanadium - rich
hydrothermal synthetic emeralds from Russia [ J ].

Spectroscopy and Spectral Analysis, 2022, 42 (4).
1199-1203.



