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Spectroscopy and Spectral Analysis
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Fig. 1 Samples of turquoises
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(a): Natural turquoise; (b): Treated turquoise
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Fig. 2 Fluorescence characteristics of natural turquoise samples
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Table 1 Fluorescence characteristics of natural turquoise samples
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Fig. 3 Fluorescence characteristics of soaking and filling treatment turquoi sesamples
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Table 2 Fluorescence characteristics of soaking and

filling treatment turquoise samples

St S5

bR — = : — ; —
K  #sm k&g wmg KE #Ex kg =gy

%' Ql Q2 QB Q@ Gl G2 G3 G5
SG 2.63 266 273 2.64 2,12 2.31 2.48 2.20

LWHOEME Bod b b 5 b hEy b 5

2.2 SRIATE LA UR I S B 45 AT

BT THT A O T 1 R AR R TR T B A B SR A A1 R AT
W, i A 20 S0 06 1 B I 4 S P AN i B IX . 4 000~2 000
em VBEEAES X (T XD Fl 2 000~400 em "HEL X (I X)),
KRG A T7T SRS Aok 22 7F 1 XK 2R
3509, 3 465, 3 299 F1 3 078 em ™' [t K i W e, 11X
WoREFERMA 1119 A 1014 cm [ v(POF D Ak X F fif
FEPRIIA, FALT 839 em ' [ L 6 COHD T &b 25 4k 3l 45
%, LUK AL T 651, 576 Hl 489 cm ' HHIE 8(POL ) dE R Fr 45
iy 4% sh e i L Q2 R Q3 RIS AR BRAE T XL T X
SRR A W SN L B AT 1 739 em T I w(C—=0) TR
WU AN 2 926 A1 2 851 cm ™'l Y G W 0, T B L RE SR
TR ER RS TR GRS A1 . GL Al GE BiE R GM A FEf e T X,
I X573 S A A W WA Ak o 1 739 e BT AT DL 45 92 G 2 A
AESR W(C=0) Wklés, L& 1508 cm ' Ab 3K B B2 AR fiE
W S VIR RS 2 WA 41 2 926 1 2 851 om ' I B 5 11 I K

N ]
~d |

LEU)]
" ’l

7 'ﬁ'
-l |

W . 8B SR A 225 PR AU I FEBLAL BT (P )

e /‘t"-"""’
Bl 4 SRR FAOMRE T
Fig. 4 Infrared absorption spectrum of turquoise
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Fig. 5 Peaks in the fluorescence spectrum of natural turquoise
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Fig. 6 Peaks in the fluorescence spectrum of soaking treatment turquoises
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Fig. 7 Peaks in the fluorescence spectrum of filling treatment turquoises
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Table 3 Chemical composition of a part of turquoise Wt( %)
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Study on Fluorescence Spectrometry of Natural and Organic Filling
Treated Turquoise

XU Feng-shun', CHEN Quan-li'* , DING Wei', WANG Hai-tao”
1. Gemmological Institute, China University of Geosciences (Wuhan), Wuhan 430074, China

2. College of Creative Design, Shenzhen Technology University, Shenzhen 518118, China

Abstract Turquoise is mainly presented as colors like blue, green and variegated, among which blue and green possessing the
highest value due to their vividness are preferred as optimization products. Organic matter injection is the most commonly used
treatment to optimize turquoise, usually divided into organic matter soaking treatment and filling treatment. By means of test
methods like the conventional gemological characteristic test, FTIR, 3D fluorescence spectrometer and X-ray fluorescence, this
paper has conducted a thoroughly comparative study, among natural turquoise and those treatments with organic matter glue
injection, upon their mineralogical and spectroscopic characteristics such as exterior features, density, ultraviolet fluorescence,
infrared absorption spectrum, fluorescence spectrum and chemical composition. The test results revel that the LW fluorescent of
natural turquoise is correlated with the hue and density exhibiting medium to the inert degree of fluorescence. The soaking
treated turquoise under LW ultraviolet displays a higher degree of fluorescence than that of natural turquoise in the same color.
And filling treated turquoise has a medium degree of fluorescence under the LW and SW. In addition to the characteristic peaks
of turquoise itself, the infrared absorption spectra of the soaking treated turquoise can also be seen the absorption peaks of

y(C=0) 1739, 2926 and 2 851 cm ' methylene peaks, and the filling treated turquoise characteristic absorption peaks of

! were observed. 3D fluorescence spectra show that natural blue turquoise has a medium

benzene ring skeleton at 1 508 cm™
intensity fluorescence peak with Ex of 370 nm, and its FWHM is about 100 nm, while green, mixed color and low-density
turquoise have very weak fluorescence, blue soaking treatment turquoise has a strong symmetrical fluorescence peak in Ex 380~
400 nm, and green soaking treatment turquoise has a strong fluorescence characteristic peak with FWHM about 80 nm. Blue
filling treatment turquoise has two weak fluorescence characteristic peaks near 278 and 390 nm, respectively. Green filling
treatment turquoise has a medium-intensity fluorescence peak with a half-width of about 150 nm. The increase of the fluorescence
peak region may be due to the presence of more organic matter. The XRF reveals that the Fe content holds a degree of inhibitory
effect on the fluorescence in the turquoise. The turquoise testing of fluorescence characteristics and three-dimensional

fluorescence spectrum as non-destructive testing techniques have advantages like simplicity, convenience, fastness and

effectiveness, which are vital to accurate identification of nature turquoise and its organically filled product.
Keywords Turquoise; Organic matter filling; Fluorescence; Fluorescence spectra; Infrared absorption spectroscopy
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