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Investigation of the high-pressure behaviors of natural helvine by using
the single-crystal X-ray diffraction, Raman spectroscopy, and DFT
calculation
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Abstract: Helvine (Be;Mny(Si0,);S) is an important beryllium-containing mineral of the helvine group. Given the crucial
status of the metal beryllium as a key strategic resource, it is of great significance to study helvine and its related congener
minerals. Previous studies of helvine were carried out at the relatively low experimental pressures. No research of helvine was
conducted at relatively high pressures. Therefore, in this study, by using the single-crystal X-ray diffraction and Raman
spectroscopy analysis, and the Density Functional Theory (DFT) calculation, we have investigated the high-pressure behaviors
and elastic vibrational properties of helvine under conditions of high pressures (up to 24.9 GPa) and 300 K. The results show
that the structure of helvine remains stable and no phase transition of helvine occurred under the experimental pressures,
which is also confirmed by the in-situ Raman experimental results. The obtained unit cell parameters of helvine are: a=b=c=
8.1844(6) A, a=f=y=90°, ¥=548.2(1) A3, with the equation of state: V'7y=550.5(3) A3, K1,=121(3) GPa, K';;=4.2(3). This study
also provides a qualitative description of the characteristic peaks with Raman shifts varying from 100 cm™ to 1100 cm™ for

natural helvine single crystals. It further enhanced the understanding of the internal structure and vibrational mode of helvine.
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Fig. 2. Microscopic view of the sample chamber under room temperature and pressure
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Fig. 3. Diffraction patterns of helvine at 0.5 GPa and 22.6 GPa
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Table 1. Cell unit parameters of helvine under different pressures

BRE e DFTil 5
p/GPa a/A VIA? p/GPa alA VIA3

0.5 8.184 41 548.32 0.49 8.23579 558.62
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6.2 8.067 24 525.52 3.86 8.169 86 54531
10.4 7.998 46 511.7 5.55 8.139 38 539.23
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16.79 7.967 05 505.7

19.03 7.937 59 500.11
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Fig. 4. The curve for variation of normalized cell volume versus pressure p
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Fig. 5. Raman spectrum of helvine at 4 GPa compared to that of the RRUFF database
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Fig. 6. Raman spectra of helvine at different pressures
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