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Abstract Crystal structures

Coesite, a high-pressure SIO, polymorph, has drawn extensive interest from the
mineralogical community for a long time. In this study, we synthesized hydrous coesite
samples with different B and Al concentrations at 5 and 7.5 GPa (1273 K). The B
concentration could be more than 400 B/10°Si with about 300 ppmw. H,O, while the Al
content can be as much as 1200 ~ 1300 Al/10°Si with C,,,4 restrained to be less than 10 ppmw.
Hence, B-substitution may prefer the mechanism of Si** = B3* + H*, whereas Al-substitution
could be dominated by 2Si** = 2AI¥* + O,. The doped B3* and AlI** cations may be
concentrated In the Sil and Si2 tetrahedra, respectively, and make noticeable changes in the

The space group of coesite I1s C2/c, and SIO,
tetrahedra form an infinite 3-dimensional
framework of a (b-unique) monoclinic
structure(Fig. 2). There are totally two Si
sites and five O sites In the lattice. The
measured unit-cell volumes of the B-doped

SI-O4 and SI-O5 bond lengths. In-situ high-temperature Raman and Fourier | f (R663), B,Al-doped (R694 and R712) and
Transformation Infrared (FTIR) spectra were collected at ambient pressure. The single | -—red” . Al-dopéd (’R749) samples differ -0.15 %, -0.3
crystals of coesite were observed to be stable up to 1500 K. The isobaric Grineisen >, e ~-0.4 %, and +0.1 %, away from fhat fo’r tHe

parameters (y,) of the external modes (< 350 cmt) are systematically smaller in the Al-
doped samples, as compared with those for the Al-free ones, while most of the OH-stretching
bands shift to higher frequencies at elevated temperatures.

Si-pure one (R503), respectively, while such
differences are significantly larger than the
experimental uncertainty from single-crystal

EXperiment C()nditi()n _‘ . y XRD. Hence, even a few hundred ppm

concentrations of B and Al trace elements
Table 1 Starting composition and synthetic condition for each synthetic run. The B and Al element concentrations are mainly measured could have noticeable impact on the volume

by fs-LA-ICP-MAS, while the H Contents are estimated by FTIR of coesite
Run No. Starting materials Pressure lempera Ilime B B/10°Si Al Al/10°Si H,0 H/10°SI - - - '
(Wt.%) (Gpa) ture(°C)  (hr)  (ppmw.) (bpmw.) (pEMW.) Figure 2. Crystal structure of coesite sketched on the basis of

the structure refinement for the sample R503 in this study. The
R503  SiO, + 1L H,0 75 1000 12 _ _ _ _ 372 3+14. 215495 smaller and larger balls represent Si and O atoms.
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R663 SiO, (96) + H,BO, (4) + 1uLH,0 5 1000 10 74.6+3.5 445%+21 «— — 51.0+19. 340132
8

Lattice vibrations and Grineisen parameters

R694 SiO, (94) + H,BO, (3)+ Al(OH),(3) 5 1000 10 73.449.0 437+54 115.6#52.0 343+154 22.8+11. 152478
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. . . . . Figure3. Raman spectra obtained at Figure 5. Variation of the frequencies for the Raman-active modes (R503) with temperature, in the frequency
200 400 600 800 1000 1200 'Z‘g“et;'lfgtsgggfe'ts'on for these synthetic ranges of (A) 0 - 400 cm?, (B) 400 - 800 cm2 and (C) 800 - 1200 cmL. Linear regression is fitted for each dataset.
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the enlarged tetrahedra units could
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OH-stretching modes at high temperature

) The selected high-temperature FTIR spectra for R503 are shown in Fig. 1 b4s =1 44 Variations of the OH bands with temperature are plotted in Fig.
7(A) in the temperature range up to 1150 K. The IR signal weakers at 5 M T 8(A-D) for samples R503, R663, R694 and R749. At elevated
higher temperature, and the OH-stretching modes of vy, V,,,, and v (in P 5 W temperature, the modes of V,, p, V3, as well as v (for B-doped

: the frequency range of 3450 ~ 3600 cm) merge to be a broad hump ; 00000 - sa_mples of R663 and R712) were observed to show ‘blue-shift’
above 700 K. The weak and discrete v, band (around 3300 cm?) - _ with a slope (3v;/3T) of +0.03 ~ +0.05 cm K™, whereas a
vanishes very quickly, and cannot be detected above 500 K. #H slight ‘red shift” is detected for the v; mode (at the high
E—— S frequency around 3600 cm-1) with a temperature derivative of -
Another FTIR spectrum was collected when quenched to room SRS il 0.01 ~-0.02 cm* K1 Above 600 ~ 700 K, these OH vibrations
temperature, and all these four OH-stretching bands could be clearly = s cannot be distinguished from each other, and the broad hump Is
Identified at the same positions as before heating(Fig.7B). The integrated |t WHHH o ts observed to gradually move to higher frequency at higher
absorbance for all these OH modes is about 80 % of that before heating, 5 g;gg 5, W +H“H temperature, with a temperature dependence of +0.02 ~ +0.04
0 and then 20 % of the OH groups in the sample could be dehydrated N N cm K. In addition, the v, mode also shows ‘blue shift” with
during the heating procedure up to 1150 K. § o . temperature increasing below 500 K.
ol ey troerres: 9 g B 31 TS o R B b b
e Bl dt the vertical error bars represent the full-width of half maximum for each OH-stretching mode.

Conclusion

1) We synthesized coesite samples with different B and Al compositions. The B concentrations are more than 400 atomic ppm (B/10°Si) with ~ 350 ppmw. H,O, while the Al** contents are
1100 ~ 1300 atomic ppm. Al-substitution significantly reduces the hydrogen concentration in coesite. Hence, the mechanism controlled by oxygen vacancies (2Si** = 2AI3* + O,)) may be
dominant for the Al incorporation, while the B incorporation may prefer the electrostatically coupled substitution (Si** = B3* + H*).

2)The doped B3* and Al** cations would prefer the Sil and Si2 tetrahedra , and the single-crystal structure refinements reveal that B3* significantly shortens the Si1-O4 and Si1-O5 bond
lengths whereas AlI3* noticeably elongates the Si2-0O4 and Si2-O5 distances.

3) The derived isobaric mode Grineisen parameters (y.,) for the external vibrations of Si1O, units are significantly reduced for the Al-doped samples, as compared with the Al-free ones. Hence,
the relaxation of the Si1O, units might be hindered to some extent due to the enlarged tetrahedra units by Al-substitution. On the other hand, the y;, parameters for the internal bending and
stretching modes of Si10, tetrahedra in coesite are significantly larger than those of most silicate minerals, due to the abnormally small thermal expansion coefficient for coesite.

4)Most of the OH vibrational modes shift to higher frequencies at elevated temperatures, implying that the O...O distances between different SiO, gets longer during the thermal relaxation of
the lattice framework at high temperature. About 20 ~ 40 % dehydration of OH groups were observed for these coesite samples at high temperatures above 1000 K at ambient pressure.
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