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Fig. 1 Basic characteristics of the samples (A. Sample of the blue opals; B. Characterization of the blue opals surface)
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Fig.2  XRD spectrum of blue opal
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Fig.3 FTIR spectra of blue opals (a. Representation of FTIR

spetra;b. FTIR fitting characterization of blue opals)
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Fig.4 Raman spectra of blue opal
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Table 2 Chemical analysis of blue opals measured by EMPA

Fig.5 Uv-Vis absorption spectra of blue opals
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OP -3 71.397 24.61 0.104 0 0.098 0.178 0 0 96.387
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Mineralogical Characteristics and Colouration Mechanism of Blue Opals
from Peru

XING Ying-ying'?, QI Li-jian® , WANG Hai-tao'
(1. Gemmologocal Institute, Guangzhou College of South China University of Technology, Guangzhou 510800,
China;
2. Faculty of Materials Science and Chemistry, China University of Geosciences, Wuhan 430074, China;
3. School of Ocean and Earth Sciences, Tongji University, Shanghai 200092, China)

Highlights

The main mineral composition of blue opal is amorphous opal, square quartz and scaly quartz.

The result of blue color of the opal is the typical planar square structure of [ Cu®* (H,0),]°".

The results show that the blue color is more rich and gaudy with the increase of Cu content.

Abstract; In recent years, the study of blue

opal has been limited to the mineral

Typical planar square structure

composition and  coloration = mechanism.
of [Cu(H,0),]>*

However, the chemical composition, infrared
spectrum, and Raman spectrum of the blue

opal have mnot been studied in details. - /

Combined with previous research, Fourier Coloring mechanism of blue opal

Transform Infrared Spectroscopy ( FTIS ),
X-ray  Diffraction ( XRD ),  Electron
Microprobe Analyzer ( EMPA), and UV Vis
Absorption Spectroscopy (Uv-Vis) and Raman

High content of Cu

Spectroscopy were used to investigate vibration le| SiO: | CuO | FeO | Na.,O | MgO | ALO, | CrO, | NiO | Total
P Py 8 SRl oo | oo [ o0 [ ew | oo | o | oo | oo | o)
spectra, functional group characterization, op-1 [68.637) 25.698] 0.001 | 0 | 0.123 | 0.025 [0.025| o | 94509
mineral composition, and coloring mechanism op-2 |71.563| 23.209| 0236 | o0 | 0.097 | 0.375 |0.002| o0 | 95481

0P-3 (71397 24.610| 0.104 | 0 | 0.008 | 0178 [ 0000 | o | 96387
of blue opal samples. Results show that the
. _— N bl L op-4 [70.572| 22.439| 0.251 | 0.001 | 0.104 | 0.451 [0.007| o | 93.824
main miner mposition of i
a eral - composition ol blue opal 1s AVG |70.542| 23.989| 0.148 | 0 | 0.106 | 0257 | 0.009| O —

amorphous opal and the vibrational spectra
show some peak frequency shifts relative to
natural opal. EMPA shows that the main elements of blue opals are Si and Cu, whereas the Uv-Vis spectrum shows
a broad band with higher absorption intensity near 742 nm. Combined EMPA and Uv-Vis spectrum results further
indicate that the coloration element for the blue color of the opal is Cu, with the typical planar square structure of
[Cu** (H,0),]°". Moreover, the blue color and the Cu content are positively correlated, and with the increasing
Cu content the blue color is more intense.

Key words: Fourier Transform Infrared Spectroscopy; functional group; thermal variation behavior; blue opal
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