
Molecular Detections in Outer Space

The detection of molecules in the ISM and planetary atmospheres is
possible thanks to the availability of high-quality spectroscopic data.
However, generating this data compromises very time-consuming
procedures that are often limited to treat one or a couple of molecules at
a time.

Here, we present a quantum-chemistry-based high-throughput approach
that produces approximate spectral data for thousands molecules
simultaneously. Though this data cannot enable molecular detections, it
has different applications that are worth considering.
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Data Set: Potential Biosignatures

We are working with a list of more than 16,000 molecules categorised as
potential biosignatures. These are small- to medium-sized molecules that
are volatile and stable at standard temperature and pressure conditions
(Seager, et al. 2016, Astrobiology , 465-485).

Disentangling Spectral Congestion Identifying the Strongest Absorbers

Given a particular group of molecules (e.g., P-molecules of
relevance in terrestrial atmospheres), we can also provide insights
into those molecules that are more likely to be detected,
considering the strength of their vibrational intensities. In the table
below, we show that C2H7O3P has the largest intensity and therefore
more chances to be observed depending on the physical/chemical
conditions present in the observation source.
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- Consider different conformers in our calculations.
- Include the calculation of rotational spectra.
- Machine learning for molecular detectability.
- Any suggestions? Let me know!Distribution of the total number of atoms across all molecules.
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Strongest features for seven P-molecules of relevance in terrestrial atmospheres.

Molecule Strongest Peak (cm-1) Intensity (km/mol)

PH3 2302.7 (4.340 µm) 51.469
H3PO4 342.39 (29.20 µm) 367.78
CH5O4P 881.36 (11.34 µm) 259.50
CH5O3P 820.07 (12.19 µm) 154.17

C2H8NO2P 336.86 (29.68 µm) 229.77
C2H7O3P 218.33 (45.80 µm) 522.90

High-throughput Calculation of Approximate Vibrational Spectra: Prioritising Potential Molecular Detections
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We can use our data to identify molecules with frequencies that fall
within a given spectral window. For example, in the figure we can
observe that a detection at ~1,300 cm-1 (7.69 µm) could
correspond to either NO2 ,O3, CH4 or H2O2, among other 652
molecules from our data set. This way, we can recognise potential
misassignments in molecular spectra.

Vibrational data calculated with out approach for NO2 ,O3, CH4 and H2O2.


