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Spectroscopy and Spectral Analysis
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Table 1 Gemological characteristics of red beryl samples
S NB-001 HB-001 HB-002
B, IR a—IRa E FAR (RN
% W i 3% 1 &Y AR ARG
B LS 5 12 LEEES
7 3 Bt W% 2 i
Z @tk o S G o 2 5
ot P B I % U B 7Y B I i
% 1.570~1. 579 1. 570~1. 579 1.570~1. 580
WEIRIES 0. 007 0. 007 0. 008
G <3
Ry 25 R RUR R 2 i i BOR A BRI 1¢o) ], ARKEHLE 1],
H TJ‘ﬁE

[E 1Ca, b)]

BORAERGE 1(D]

AR LE 1D]

BE1

Fig. 1

dEFFEAEBB AL (X 50X)
(a): 25 ERAE SR EA: (b S RME SRR EENRE; (o HLCRFREEE;
(D PARERKL (o EKEH: (D A

Gemological microscopic characteristics of red beryl samples(50 X )

(a): Empty tubular and star-like gas-liquid inclusions; (b): Empty tubular and star-like gas-liquid inclusions;

(¢): Fingerprint fluid inclusion; (d): Wavy growth pattern; (e): Growth steps; (f): Seed crystal plate
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Fig. 2 UV-Vis absorption spectra of red beryl samples

NB-001 5 # & (19 48 41 0] U0 0 W06 1% = 0 A3 & 43 31 A
328 M 558 nm, 7 371 F1 429 nm 4b %% 45—~ 55 A W dig i . 3%
B E D50 SRR T A8 K R 511. 2 nm, 40 A A
28.5% , B R, th LT W% R AR 20 g bk i
Bt B X AT Lo v W e 2o IX A A T R B i, R
W T A g R M B T R SR AT S R A W IR T {5 8 . HB-001
SRR TE D50 SRR T A A P S 637 nm, T 40 A
IR 48. 6% . 7E T X A 5 X 4 B A — & 58 W A, i 7
372 Al 685 nm &b £ A — A~ 55 B W . HB-002 5 #F 5 78
D50 SR T i #h 5 32 9 K R 763. 1 nm., T 40 8%,
TP S BRRAE [R] HB-001 54 i 24481,

A3 = A AT LIRS ST AT R R R B, RAR AT (8 kA
A5 G AT R A Y 5 A0 BT WL O B 7R 372 R 560 nm
Kb B — AR . R, KRS A AT 0 St kA
AT LSO S DX AR K. 2R A AT L W i Y i o R
SRATG AL BRAE I RE T A TR .

2.2 ERIEMLGER

SRR RN E 1 500~400 em ™' B A £ 40 % U0k T
W 3. X RE A MBFFES, HAE AR AR SR BUS AL,
SR NG SRS SIO 98 S 4S5 . X — 4 BT 1A A
Hy Si—O—Si FFRIRSN . FEMTE 1 250~950 em 'S5 Bl A

1245, 1 021 LA S 968 em™" b =AW dke e . 43 H )8 T v
Si—O0—Si, 1. 0O—Si—0, v.O—Si—O #EF; 820~590 cm '
A v, Si—O—Si 3l . 1 4 A A5 5 B RN 55 10 WOBCRY 4L s D

F 590 em ™' Sis—O fRzE SM—O ki &k ~E AR5,
HULAT W, R B A SKIGEAERaasil A # A
FE1500~400 cm ™' [AH URRAEHE 8% . G, oPar o ik Bk
S B AR AE X 43 K AR A AT A

968

Relative absorbance

1 4IOO 1 2IOO 1 OIOO S(I)O 6(I)0 4(I)O
Wave numbers/cm’
3 gegfHEAHEME FI-MIR Higg X
W 5t i (42 K-K k)
Fig.3 FT-MIR fingerprint region absorption spectra of red

beryl samples (K-K transform)

2.3 ERIEOMRIELER
LY T SFRRESLAE 2 000~9 000 em ™" I ES S 1Y
LI IBOGTE .

NB-001

HB-001

Relative transmittance

HB-002

7138 5270 3755
T

T T T T T 1
9000 8000 7000 6000 5000 4000 3000 2000
Wave numbers/cm’!

4 dEFEAHESE FT-NIR RYSEE
Fig. 4 FT-NIR absorption spectra of red beryl samples
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Spectral Characteristics and Application of Synthetic Hydrothermal Red
Beryl
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Abstract By using conventional gemological test methods, then combining the UV-Visible spectroscopy(UV-Vis) and Fourier
transform of infrared spectral technology (FT-IR), this research focuses on the natural Utah red beryl and Russian hydrothermal
synthetic red beryl, which are studied by the gemological characteristics, the UV-visible absorption spectrum, the mid-infrared
absorption spectrum (MIR) and the near-infrared spectrum(NIR) characteristics. The results showed thatit is difficult to dis-
criminate the natural red beryl and the hydrothermally synthesized red beryl through the conventional gemological test methods.
Also, there is limited ability of UV-visible absorption spectrum to identify the natural and synthetic red beryl. At the same time,
the mid-infrared absorption spectrum (MIR) of these two kinds of gems has no obvious difference. Their absorption position and
absorption intensity are basically similar, which only show the vibration characteristics of the silicate crystal structure of beryl.
As for spectrum of 2 000~9 000 cm ' scope, there is obvious difference between the natural red beryl and hydrothermal synthe-
sis red beryl. Therefore, the near-infrared absorption spectrum could be used as aunique identification characteristic to differenti-
ate them. Further studies have shown that the natural red beryl sample contains little structural water. However, there exists a
very weak absorption band between 3 300~3 600 cm ™' and this might be other forms of water in the natural red beryl sample. Tt
could be concluded that the natural red beryl sample contains certain water, and it might be the channel water. The near-infrared
spectrum characteristics of the hydrothermal synthetic red beryl samples show that it has strong water vibration absorption be-
tween 3 500~4 000 and 5 000~5 800 cm ™ '. There exist two types of water in the range of 5 000~5 800 cm ™', which include
the weak absorption peak (type | water) and the strong absorption peak (type [ water), which can be attributed to the com-
bined vibration of flexural vibration and stretching vibration of water; the weak type | water absorption peak and the strong
type [l water absorption peak are also shown in the range of 7 000~7 500 ecm ', which can be attributed to the double frequency
vibration of water. This means the hydrothermally synthesized red beryl is mixed with type | structural water to type [ struc-
tural water. It could be concluded that the near-infrared absorption spectrum (NIR) characteristics of hydrothermal synthesis of
red beryl samples in the range of 3 500~4 000 and 5 000~5 800 cm ™' can be used as the basis for distinguishing natural and hy-
drothermal synthesis of red beryl. According to whether or not the red beryl has water, the state of occurrence of water, and the
relative intensity and frequency of different types of water, the UV-VIS spectroscopy. the mid-infrared absorption spectroscopy
(MIR), and the near-infrared spectroscopy (NIR) can be used as an important basis for accurately providing diagnostic evidence

for distinguishing natural and hydrothermal synthesis of red beryl.
Keywords Synthetic red beryl; NIR spectrum; UV-VIS absorption spectrum; Structural water; Integrated
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