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Fully identifying unknown molecules via infrared spec-
troscopy can be a challenging task for even the most ex-
perienced researchers. Current data-driven computational
methods usually identify unknown spectra by matching them
against databases of known spectra. However, this method can
be problematic for novel complex molecules given the relative
lack of information. Deep learning provides a potential solu-
tion to this problem. Sequence-to-sequence learning has had
great success in a wide range of areas such as language trans-
lation and speech recognition.a In this work, an unsupervised
sequence-to-sequence model was extended to chemical sys-
tems and used to derive complete molecular structures from infrared spectra. The model was trained on the infrared spectra
of small organic molecules containing C, H, O, N, and F atoms. These molecules were represented using SELFIES, an
improved version of the SMILES string molecular fingerprint descriptor.b Our model is able to achieve state-of-the-art
results in successfully identifying a wide variety of molecules from their infrared spectra.
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