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Theoretical calculations of infrared spectra of hydrous Ringwoodite under
high temperature and high pressure
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Abstract: Infrared spectroscopy (IR) is one of the main experimental methods for geophysical researching on the hydrous
property of minerals. Till now, a large number of the relevant experimental researches have been reported. However, there
are no direct theoretical calculations of the temperature effect on infrared spectra of hydrous minerals. In this paper, the
theoretical calculation method of lattice dynamics was employed to have respectively calculated the infrared absorption
spectra of hydrous Ringwoodite under conditions of temperatures varying from 300 k to 2000 k and pressures varying
from 0.1 GPa to 20 GPa for three simulated different hydrothermal systems with water contents of 0.2 wt.%, 1.6 wt.%, and
3.3 wt.%, respectively. Based on calculated results by using three modeled mechanisms including the Mg vacancy hydrous
mechanism [V;v[g-!-QH'], the Mg-Si disorder hydrous mechanism [Mg;i+2H’], and the Si vacancy hydrous mechanism
[Vgi+4H ],we have found that the Mg vacancy hydrous mechanism [V;v[g+2H'] can be used to explain the formation of

main peaks in the infrared absorption spectra of hydrous Ringwoodite under all of our simulated temperature and pressure
conditions. We also have found that the Mg-Si disorder hydrous mechanism [Mg;i+2H’] is much more unsuitable than
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other two mechanisms to be used to explain the formation of main peaks in the infrared absorption spectra of hydrous
Ringwoodite, as the infrared spectra intensity is very weak for the specific low water content (0.2 wt%) system. With the
increase of pressures, the temperature effect on infrared spectra of hydrous Ringwoodite calculated by using the
[V'I'%g+2H‘] and [Vg+4H] mechanisms is gradually decreased. This is basically consistent with the conclusion that the
variation of temperatures is not obviously influenced on the infrared spectra of the hydrous Ringwoodite at pressure of
18.4 GPa based on data of high temperature and high pressure experiments.

Keywords: Infrared spectroscopy; Ringwoodite; high temperature and high pressure; theoretical geochemistry; GULP
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Buckingham Threebody Morse Table 1. Parameters of the potential models used in this study
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7.0525 eV 1y Si 4
a o> 0.84819 —2.84819 0.7492038
Morse 0 0.13 o 14260
H 0.4260
nm OH )
(26] ) Buckingham
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1 Si H-0% 311.97 0.025 0
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OH Mg-0"* 1060.5 0.029453 0
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1 [V 2H] [Vg+4H] [Vig+2H] [Vi+4H] [Mg, +2H ]
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3300 0.1 3419 3433 3696 3713 3764 3681 3602 3637
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3800 cm 20 3388 3407 3673 3717 3775 3661 3637 3659
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2 )[valg‘FZH‘] [Vg+4H ]2 Table 3. The infrared vibration frequencies (cm~?!) of hydrous Ringwoodite
1 with high water contents at different temperatures and pressures, using the Si
Mg OH ) vacancy mechanism (3.3%), the Mg vacancy mechanism (1.6%), and the
Si OH Mg-Si disorder mechanism (1.6%), respectively
1
4 p/GPa [V t2H] [Vs+4H] [Mg, +2H]
300 K
0.1 3441 3453 36913694 3696 3735 36153636
[Mgg.‘f‘ZH'] 10 3421 3435 3679 3684 3687 3714 3621 3643
300K 10 (1}P 900K 0.1 GP 20 3409 3424 3677 3683 3686 3700 3625 3648
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2000 K 20 GPa 10 3428 3442 3682 3684 3686 3718 3618 3640
" . 20 3414 3429 3677 3683 3683 3702 35213723
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Table 4. The averaged infrared spectral frequencies of the 1.6%
Pérez (4] (-12.1 hydrous Ringwoodite calculated under the assumed Mg vacancy
cm™ /GPa) [17] (-12.3 mechanism and their variation rates with respective variations of
om’/ GPa) pressures and temperatures
TIK p/GPa da/ 0
0.1 10 20 o/ 9p
300 3447 3428 3416.5 -1.5
900 3461 3435 3421.5 -2.0
2000 3531 3491 3434 -4.9
(96/ IT) da/ aT 0.051 0.039 0.01
(&)
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Table 5. The averaged infrared spectral frequencies of the 0.2%
Mg hydrous Ringwoodite calculated under the assumed Mg vacancy
mechanism and their variation rates with respective variations of
pressures and temperatures
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