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EEU RSSO, REV, B ERESK,
IR Z AR R, MO PO . R T R 1. 60~
L6200, BELCRERE 4~5, X8R 4. 20~4. 245 K%
SRTEIT N G M, W N 2 E AR A Ak,
2.2 ERBESTENRSSW
2.2.1 HhAasHr

BESA 3.564 0, 2.761 3, 2.333 3, 2.117 6, 1. 952 5 Fl
L7127 A RbpyiR A S0, 5 1,782 4, 1.497 5, 1.416 9
1.347 1 A &g Bl 6 (/ 2) . 18 PDF f A 08-0449,
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Characteristic of Smithsonit samples
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Fig. 2 X-ray diffraction pattern of smithsonit sample S-1

2.2.2 ALFERAHSHIE

F I B F AR5 (EPMA) X388 0 BE i S-1 A1 S-3 A7 A
AARE(FE D, BRE ZnO Bk 61.3%, &/ CaO,
FeO, MnO, CdO } PbO, CaO & K 1.50%, FeO
B &R 0.95%, MnO FH & E K 0.46%; CAO FH & &
H0.077% , ZEEHRBMKIRIEET Y, HiE A% M
[COs ], M & EME T, Midf)i Pt m sy y
R GE D,

1 EHTHERNLERS TS TELZER (Wikh)
Table 1 Chemical composition (principal elements) and chem-
ical formula of Smithsonit sample (Wt%)

i Zn0O CaO FeO MnO CdO PbO  Total

S1  60.75  1.798  0.762  0.44  0.103  0.045 63.898

S8 61.85  1.193 1135  0.475  0.051  0.067 64.771

FH 613 1496 0.949  0.458  0.077  0.056 64.335
REAEEN

S-1 (Zno. 937 6 Cao. 040 3 Feo. 013 3 Mno. 007 8 Cdo. 001 Pbo. 000 2)1. 000 CO3 %ﬁlf
S-3 (Zno. 941 7Cao. 079 1 Feo. 019 6 Mno, 008 3 Cdo. 005 Pbo. 000 1) 1. 000 CO3 %ﬁ@“

A LA-ICP-MS X # o o0 2 617 400 (BR 2) Wi,
Fiam il R AR IOCEK Fe fl Mn RS, FHE& SN
7 363.5X10 i1 3 558X 10",



1888 JERE A 565 A 542 4
x2 EHT MR LAICP-MS METE5H (0/107°)
Table 2 LA-ICP-MS results of the sample (/107°%)
G Ti v Cr Mn Fe Co Ni Cu Sr Y Cd Pb
S1 0.53 0.23 0.08 3419 5902  10.90 1.95 0. 35 97. 10 98. 90 916 440
S-3 0. 00 0.01 0. 00 3697 8 825 13.50 3. 20 0.01 21. 40 31. 80 442 604
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Fig. 3 Infrared spectra of Smithsonit samples
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Fig. 4 Raman spectra of Smithsonit samples

2.3.2 3% k%% (Raman)

RESRTE 1091 em A IR P ME, 192 Fl 300 em ! IR
Wi, 728, 1734 Fl 1 406 em ' A EIE (] 4, 192 em 1A
BTLCO 1P WA%4ESN. 300 cm " HJE T ZnO X R 4 45 4
B, AR R i 2R AL AL B 7R [ hir 8 0 5 5 T 5 BR B IR
R Zn RS 55 728 em ™' HJE FLCO, 1* 18 4 45l 4% 20
(i) 1091 A1 1 406 cm ' 43 9 )& FLCO; J* X FR i 45 475 2l
) FLCOs 7 A R 45 Iz 8 (v s 1 743 em ™' HJE F

[COs I N E MR AMLCO; I X #1045 4% 20 1 #8 & 4% 2
(s 4w, 300, 728 F1 1 091 em ' g J5 fift 3 i BL B R AF W,
5350 RS R 0 — 3T
2.3.3 - k#E(UV-Vis)

BEERTE 264, 377, 395 F1 417 nm 4k 77 76 W 52 0% i i (P&
5, WIZFMTHEAX, FHEMT A WGEE A, 55k, AT
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Fig. 5 UV-Vis absorption spectra of Smithsonit sample
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Fig. 6 EPR spectrum of Smithsonit S-1

2.3.4 & FR Lk R R % (EPR)

BE&h S-1 7E 2 000~5 000 G P BR 6 514 (K 6), g4y
B 2.148 T(H=3 300 G £ 47). 2.092 1(H=3 400 G /¢
F).2.037 1CH=3 500 G A4, 1.984 0(H=3 600 G £
F).1.932 1CH=3 600 G Z24), 1.881 6(H=3 700 G &
A, 6 AR TE LB I R B AL I B R BN I E NG O, Dty B Y
SREEEFARSE . Ho, 7E H=3 500 G &m0k g=2.0
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Spectroscopic Characteristics and Coloring Mechanism of Smithsonite
Jade

LUO Jie""?, YUE Su-wei'" ** , GUO Hong-ying', LIU Jia-jun®

1. School of Jewelry, Guangzhou City University of Technology, Guangzhou 510800, China
2. Institute of Jewelry, Guangzhou City University of Technology, Guangzhou 510800, China
3. College of Earth Sciences. Guilin University of Technology, Guilin 541006, China

Abstract There are few studies on the mineralogical characteristics, spectral characteristics and the cause of color of the
Smithsonite jade which appears to take on various hues, such as yellow, blue, pink, green, etc. In this paper, yellow-green
smithsonite samples were selected and determined by X-ray powder diffractometer (XRD), electron probe (EPMA), laser
denudation inductively coupled plasma mass spectrometer (LA-ICP-MS), Fourier infrared transform spectrometer (FTIR),
Raman spectrometer (Raman), UV-Vis spectrophotometer (UV-Vis) . electron paramagnetic resonance spectrometer (EPR).
XRD test results show that the main component of the sample is smithsonite. EPMA test result shows that the main composition
of smithsonite is ZnO, with an average content of 61. 3% . and the secondary components are CaQ, FeO, MnO, CdO and PbO.
LA-ICP-MS test result shows that the content of transition elements Fe and Mn in the samples was relatively high, with an
average content of 7 363X 10 ° and 3 558 X 10 °, respectively. FTIR spectroscopy analysis showed that there are characteristic

', which are caused by in-plane bending vibration, out-of-plane bending

peaks of smithsonite, namely 740, 883, 1 490 cm™
vibration and antisymmetric stretching vibration CO5~ . The calcite Raman characteristic shifts of 300, 728, 1 091 em ' were
shown in every sample caused by the symmetric stretching vibration of ZnO, in-plane bending vibration and symmetric stretching
vibration of CO3~ . UV-Vis tests show that the absorption bands around 377, 395 and 417 nm are caused by the *A, —>~'E(D),
A, —>'T, (D) transition of Fe*", and d—d transition Mn®" were responsible for the yellow-green color of the samples. The
EPR spectrum also shows the characteristic six-fold hyper-fine resonance lines of Mn*" at g = 2.0 and Fe?" at g= 1.98.

Combined with the results above, it is believed that the yellow-green color of the diamond is caused by the electron transition of

Fe'" and Mn*" d—d orbitals.
Keywords Smithsonite jade; Mineral composition; Component analysis; Spectroscopic characteristics
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