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Garnet’s color change effect from greenish-yellow (a)

Fig. 1
to purplish-pink (b)
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Table 1 Major element content of color-change garnet (Wt%)
MgO MnO CaO Al; Oy SiO; FeOr V20; Crz O TiO, Total
Gbs2 12. 469 18. 209 5.229 21. 884 40.593 1. 120 0. 180 0.129 0. 054 99. 47
R2E 0. 097 0.000 3 0.116 0.154 0. 279 0.003 0 0. 000 4 0.003
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Fig. 2 UV-Vis spectrum of the color-change garnet
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Fig. 4 Three-dimensional fluorescence spectra

of color-change garnet
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Fig. 5 Red fluorescence of color-change garnet

(a): Longwave ultraviolet radiation; (b): Blue laser light
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UV-Vis Absorption Spectra and 3D Fluorescence Spectra Study of
Color-Change Garnet with Red Fluorescence

LIU Cui-hong' , CHEN Chao-yang' , SHAO Tian', LI Zhi-bin*, Andy Hsitien Shen'"
1. Gemmological Institute, China University of Geosciences, Wuhan 430074, China

2. School of Civil and Resource Engineering., University of Science and Technology Beijing, Beijing 100083, China

Abstract Color-change garnet is a special variety in the garnet group, usually belongs to pyrope-spessartine solid-solution series
and contains a trace of Cr and Fe. Few people have studied it in China, and no color-change garnets with obvious red fluorescence
under ultraviolet radiation have been reported at home and abroad. A color-change garnet with red fluorescence from the Umba
region of Tanzania was studied by chemical and spectral tests. Laser ablation inductively coupled plasma mass spectrometry was
used to study sample’s chemical properties. The result shows that this color-change garnet belongs to the pyrope-spessartine sol-
id-solution series and contains a certain amount of grossular end-member, with some trace elements of Cr, V, Fe. The average
composition of it is Prpys. 25 Spsss. s0 Grsis. 57 Alms 53 Uvty 35. In ultraviolet-visible absorption spectrum, sharp absorption peaks at
409, 422, 430 and 486 nm are assigned to the spin-forbidden transition of Mn** , and additional peaks at 459, 503 nm is caused
by Fe?' , the broad absorption band peaked at 571 nm in the yellow region which is responsible for the color-change effect is at-
tributed to the spin-allowed transition of Cr’" and V' together. Two absorption maxima in violet-blue and yellow-orange re-
gions and comparably equal transmittance of green and red light cause the color change effect, garnet appears greenish-yellow in
day light and becomes purplish-pink under incandescent light. The emission peak at 690 nm in the fluorescence spectrum is as-
cribed to the ? E,—~*A,, multiplicity-transition of Cr’". And red fluorescence is most excited by violet light (400~440 nm) and
yellow light (500~560 nm), that correspond to absorption bands caused by two spin-allowed transitions of Cr’", *A,,—>*'T),
and ' A,,—"'T,, respectively. Compared with other color-changing garnets in previous studies, this sample contains lower Fe*" .
It is speculated that high Cr and low Fe makes the color-change garnet can be excited to red fluorescence under ultraviolet radia-
tion. The detailed spectra study of color-change garnet with red fluorescence and discussionon of its color-change effect and fluo-

rescence mechanism provide spectral data and theoretical basis for further research on special garnets’ fluorescence in the future.
Keywords Color-change garnet; Pyrope-spessartine; Red fluorescence; Fluorescence mechanism
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