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2.1 LA-ICP-MS Wik & R R o

N R H B R, EBORF A G R AT
JERM, HdERSE TR TR 1w, 58K H
A WAL BR R DL B LB BR N RRAE . LS A 2 263~7 256 pg ¢
g ', FH 5628 pgeg ', Fe w2 1~106.4 pgeg ', F
#1606 pg+ g ' IS EIEARARFES T, ZHEK, A
0~360 pg+g ', MM Cr LHMAEABBTRN T EKRE
MRT AR o A5 S X b i 4% Gt a4k 20K B 12 B A A 2
e WA & Cr @ Fe FARME, Cr & &t 4 966~5 739 pg »
g ' 5352 ug e g !, Fe i 21 069~21 175 pg = g '
21122 pg e gty A EAEE M N KA Ti, Mn,

Fig 1 Synthetic emerald samples
Cu, TV 5 5 AR T A6 00 FR
x1 HESHEBEHERNTEREETESE(ng-g')
Table 1 The contents of transition elements of synthetic emerald samples

RS Ti Y Cr Mn Fe Co Ni Cu Mo
S-EMRYS-01 9.0 37059 6. 8 L7 214 0.1 31 01 0.0
S-EMRYS-02 139 3707 3 2.5 L7 30 0.1 L3 Lo 0.1
S-EMRYS-03 14. 6 2263 3 39 0.6 0.0 0.1 11 0.7 0.1
S-EMR1-02 16. 7 6 956, 4 Lo 0. 4 2.1 0.0 14. 5 98 1 39. 3
S-EMR1-03 9.7 5 724. 8 L7 0. 2 477 0.2 5.9 286. 8 431
P-EMR-S04 6. 8 7161 2 5.0 0.0 89. 1 0.2 16 360. 8 22.1
P-EMR-S05 10. 4 7 256. 1 0.3 14 85. 5 0.2 L7 361 3 106. 3
P-EMR-S06 11 9 71429 10. 4 Lo 106. 4 0.6 0. 4 333. 5 24. 62
S-EMR2-01 157. 6 L0 5739. 2 168 1 21 069. 0 4 3 1023 0 125. 6 0.1
S-EMR2-02 166. 7 2.7 4965 7 240. 6 21 175 4 49 1286. 8 104. 4 0.0

PR [ 2K i & BAEL BE SR e i 10 8 4 J 5 403k 2
N o LB R IAE B AL B SR A UL i Lis Na #1 K JL
FAE Rb A Cs Bl 42 JB AR AE . SR & BE7E 30. 7~313. 7
pg e g WEE NS, USR] 45 8 SSEMRI-02 19 5 L5
K I B B BE S TP R R R S R .

. SRS E BB K Ak RS Cr BCE AL,
W PLRLK L B AR BE SR AR B TICEE L V ORI R
Hofloid P TC R & & $E B ELTE A [ 41t UORE o v O T8 A
P A 5 G BEORE Rt A A BT B, Hor, Fe, Cr,
Mn, Ti Fl Ni JCH & & A% T 1% 58 5 BB Pk & e £ 2%
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Table 2 The contents of alkali elements of

synthetic emerald samples

e 2 Li Na K Rb Cs > #&R

S-EMRYS-01 3.0 485 29
S-EMEYS-02 3.0 485 2L

5 00 1O 82. 6

5
S-EMRYS-03 Lo 30 260

5

0.0 00 75. 1

00 00 30. 7
S-EMR1-02 864. 5 45.0 36 0.0 00 1046, 1
S-EMR1-03 1235 &0 0.0 00 00 131. 9
P-EMR-S04 2240 &0 00 00 00 232. 6
P-EMR-S05 280.5 155 75 00 0.0 313. 71
P-EMR-S06 100.0 65 375 00 00 144. 3
S-EMR2-01 1940 50 0.5 00 335 234. 1
S-EMR2-02 1975 135 20 00 00 213. 37

- A B S A DI A B

Note: Each data is the average of two test-points

2.2 EEHM-FT LRSS

AT BT HB 0 R P e TR RE AR . X R A AT
ST WS LT SO BIE T . R LB K BT A AR £ 2%
WG R ME 2 FioR

2 ENEESHESENENNFTINE LIRS E
Fig 2 UV-Vis-NIR absorption spectra of

vanadium-rich synthetic emeralds
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R AE = T i AL B A B g P B B, Rl AR AR 3 M AYAL
BT st

T A% 58 5 R ALK Ak & AR B 4 2 22 s A Cr' A
Fe'" iy 28 4h -] UL W s 6% R AE (B 3), =B ki o7 F 373,
427, 600, 636 1 683 nm &b, %3 H4MFE 445 nm BN JH 1§ & 756

nm 55 B CH  (ER VIR IR T/ AL 454 FLIE P Fett i1 d
B T, E BGE T 810~830 nm Bty ™,

B3 HTHAME Fe BAH 4R LI -7 I -1 4 b IR I e i
Fig 3 UV-Vis-NIR absorption spectra of synthetic

iron-rich emeralds from Russia
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A AR S 1 — A 12 W PR A

761 351~1 470 nm(7 400~6 800 cm™") 7K 1 45 41 4% 3

W I 9 B PN AL TR K R G AL B S A% R TR K A
BB B B GERE B 1 402 nm(7 133 em™ D MR UK I 7E
1 785~1 960 nm(5 600~5 100cm ™) 7K 1 & 4T 4% 21 WL i e 75
BN, %W 1833, 1895 A1 1 960 nm W s, o,
1 895F1 1 402 nm Wi om Mz S IAFT 1 467 nm 5561325 K |
TUKOE 33 5 HAk 2 5 4% v B 4 AL B R T R AR AL B
PREAEAR XS B o 255 1o ARHE V. Cr il Cu & &, Fe TR AE M
b B o5 07 DL BOK I S AL i 25 S TR R AL R K B A B AR
B4 55 AR LRSS B A 2 A AT R SR X T (R 3D

%3 FRELBEFE UV-VisNIR i HF4E

Table 3 UV-Vis-NIR spectral characteristics of different emeralds
WU A B A B A A B 2 [GE PN IR G RPN Y EREE2S
i 390, 430, 617, 680 nm - — 390, 430, 617, 680 nm!?’
1k - 636, 683 nm &7 427, 608, 636, 683 nm'7 10] 683 nml?]
ik - 373, 445 nm!67) 373, 445, 810~830 nm!7- 10J 810~830 nm!®]
il i 756 nmtl- 4 756 nmtl- 4! — —
T 7K
T 7k 1789 nm(5 109 em™ 1)
N [ [ 1y[13]
K B 1402 nm(7 133 em™ 1) /& 1957 nm(5 109 em™ 1) A%

1467 nm(6 816 cm™ 1)
1895 (5 277cm™ 1)Lzl

I ®7K
1716 nm(5 827 cm™ 1),
DRI SE

WZFAE AR . B A B B N TP A K HEJRORHAC
AN B By N S R T - TR R A N
BIRE, WG A E A FTT k. MBRHRENGTY. 4
AMGTERAR L MR T R 7 IR SR T,

3 4

(L) S8 0 o 1 0 B B /K A ik 5 R R A O OB (8
FTEENP), HEaH2263~7256 pgeg 'y 15628
pg e g s M CoOTRILPARTRME, Hiaima v i
Cr 804G A R4, Z2H0RE R & — 2 R (Cw) o HoAfdy s i
WICHE K4 Rt R & WK,
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UV-Vis-NIR Spectroscopic Characteristics of Vanadium-Rich
Hydrothermal Synthetic Emeralds From Russia

YANG Yanrling', Andy Hsitien Shen', FAN Yu-rong’, HUANG Wei-zhi' , PEI Jing-cheng'*
1. Gemmological Institute, China University of Geosciences (Wuhan)., Wuhan 430074, China
2. College of Life Science and Technology, Huazhong Agricultural University, Wuhan 430072, China

Abstract Emerald is a species of beryl in which chromium (Cr) and vanadium (V) are co-colored, with a long history of
synthesis, continuous technological improvements and the emergence of new formulations. Recently, a new type of synthetic
hydrothermal emerald with a bright color whose appearance is comparable to natural emeralds from Colombia has shown up in the
market. After initially analyzing the emerald, it was a vanadium color-causing synthetic emerald. In order to investigate its
characteristics, a detailed study was carried out using LA-ICP-MS and UV-Vis-NIR spectrophotometer, aiming to obtain the
content of chromogenic elements and analyze the chromogenic reason in its chemical composition and UV-Vis-NIR absorption
spectra. Digging differentiation from natural emeralds, we could provide vital data for testing institutions. The chemical
composition showed that these synthetic emeralds were pure vanadium-colored, characterized by vanadium-rich and iron-poor,
with copper (Cu) varying widely among the different batches, while Cr and other color-causing elements were mostly below the
detection limit. The conventional ironrich hydrothermal synthesized emerald samples used for comparison were characterized by
chromium-rich and iron-rich. In addition, it contained high nickel (Ni) and traces of titanium (Ti), manganese (Mg) and Cu,
while the vanadium content was below the detection limit. The UV-Vis absorption spectra of the new synthetic emeralds revealed
typical absorption spectral features of vanadium, with two broad absorption bands centered at 430 nm in the violet region and 617
nm in the orange-red region, in addition to a shoulder peak near about 390 and 680 nm respectively, and a weak absorption peak
at 756 nm for most samples. 430 nm absorption band was attributed to the d electrons spin-allowed transition [* T, G F)—*T),
CCP)] of V*7, the 617 nm absorption band was attributed to d electrons spin-allowed leap [* T), C F)—*T,, CF)] of V*", and
the 756 nm absorption peak was due to Cu’", and this spectral absorption feature was different from that of the conventional
iron-rich synthetic emerald. Most natural emeralds have a combination of Fe*" , Fe?" and Cr*" absorption spectra, which can be
easily distinguished from these synthetic emeralds. A small amount of the pure vanadium-colored natural emeralds also have the
characteristic absorption peaks of vanadium, but they can be separated from the vanadium-rich synthetic emeralds because they
also have the characteristic absorption band of Fe*™ around 810~830 nm. The NIR region, mainly showing type I water-related
absorption peaks at 1 402, 1 467 and 1 895 nm, can also be differed from natural emeralds. UV-Vis-NIR spectroscopy is an
effective means of identifying natural emeralds from synthetic emeralds. However, it should be combined with other
identification evidence, such as inclusions and molecular vibration spectroscopy techniques, avoiding the appearance of new

synthetic formulations of emeralds that could lead to erroneous identification conclusions.
Keywords Vanadiunrrich synthetic emeralds; LA-ICP-MS; UV-Vis-NIR spectroscopy
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