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Approach to astrominelarogy based on the density functional theory
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Fine structures of the infrared bands of crystalline materials seen in
celestial objects are expected to provide the properties and composition of the materials, leading
to astromineralogy. However, due to the lack of theoretical identifications of the vibration modes,

comparison of observational data with laboratory data is limited to empirical investigations and
full power of astromineralogy has not been developed. In this research we apply the density
functional theory (DFT)to the calculation of vibration modes of minerals of astronomical interest
and the basis of comparison with observations is obtained. The DFT calculation is also applied to
organics and the deuterium content in interstellar organic materials is investigated. Comparison
with observations based on the DFT calculations suggests that the deuterium content in organic
materials is by an order of magnitude smaller than theoretically suggested.
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No. | Modes” Frequency | Symmetry | Intensity
(em™) (KMMol")

1 CS 145.6877 B3u 7.55

2 CS 192.7761 B2u 3.61

3 CS 199.0642 Blu 1.09

4 CS 2445118 Blu 47.36
5 CS 269.5700 B2u 12.20
6 CS 277.3551 B3u 461.73
7 SiMgS 286.9418 B3u 74.94
8 SiMgS 306.8235 B2u 12.24
9 SiMgS 310.6713 Blu 72.92
10 SiMgS 319.9188 Blu 424.05
11 SiMgS 3409131 B2u 38.13
12 MgOS 3479185 B3u 926.03
13 MgOS 363.0441 Blu 42597
14 MgOS 371.8201 B2u 1301.71
15 MgOS 404.8980 B3u 287.76




16 MgOS 413.5212 B2u 1042.82
17 MgOS 4219510 B3u 94781
18 MgOS 435.2148 Blu 622.07
19 MgOS 456.0756 B3u 25.90
20 MgOS 464.6315 B2u 83.48
21 MgOS 470.6567 Blu 43741
22 MgOS 491.2860 Blu 780.47
23 MgOS 505.7170 B3u 142.83
24 MgOS 514.9394 B2u 394 .44
25 MgOS 525.7935 B3u 37.11
26 MgOS 528.7527 B2u 32931
27 SiOS 585.3926 B2u 169.21
28 SiOS 607.2703 B3u 1.36
29 MgOS 858.5011 B3u 862.39
30 MgOS 886.6861 B2u 69.91
31 SiOS 956.4160 B3u 83542
32 Si0,S 996.0413 B2u 1517.65
33 SiOS 1065.4839 Blu 2618.90
34 SiOS 1096.4604 B3u 481.63
35 SiOS 1109.5571 B2u 1042.04

(1) CS: Crystal Stretch, SiMgS: SiMg Stretch,
MgOS, MgO Stretch, SiOS: SiO Stretch,
Si0,S: Si0, Stretch % 7~
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