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Background
The abiotic synthesis of 𝛼𝛼-amino acids on the early
Earth is believed to have occurred via the Strecker
synthesis, illustrated in the scheme below, as first
hypothesized by Miller in 1953. 1 It was
hypothesized that this pathway would also be viable
for the abiotic formation of 𝛼𝛼-amino acids in other
environments such as the interstellar medium (ISM)
and this theory is supported by the presence of
small organic molecules (e.g. formaldehyde).2,3

Glycine, the smallest amino acid, has not yet been
identified with certainty in the ISM, the lack of proof
for its presence being attributed to low
photostability, but multiple synthesis pathways have
been suggested.4 One such pathway is a Strecker
synthesis in which aminomethanol (HOCH2NH2) is a
key intermediate. Therefore, investigating its
formation can lead to important insights into the
formation of biological molecules in an abiotic
environment and hence, into the origin of life.
Aminomethanol has not yet been identified in the
ISM due to the lack of experimental spectra but has
been predicted to be stable in the gas phase under
interstellar conditions. 5

General reaction scheme for the formation of an 𝛼𝛼-amino acid via the Strecker synthesis

Aims
A viable pathway for the synthesis of
aminomethanol consisting of
the insertion of singlet oxygen molecule
into a methylamine C-H bond, as shown
in below, has been proposed. The
reactants have already been identified in
the ISM.6 The species involved in this
reaction, as well as the possible by-
products and relevant transition states
have been energetically and structurally
characterized. As the main method of
assessing a molecule’s presence in the
ISM is the detection of its spectroscopic
signatures (usually rotational or
vibrational). Accurate quantum chemical
calculations are required in order to
obtain high precision data for metastable
molecules.7 Vibrational and rotational
spectra have been characterized for the
relevant species and compared to
existing experimental results for stable
molecules in order to assess the
accuracy of the methods employed.

Insertion of O(1D) into the C-H bond of methylamine



Energies and Transition States

Reactive potential energy surface with respect to the isolated reactants. The figure highlights
aminomethanol being the most stable species and hence, the favoured reaction product. Four
possible by-products, as well as the transition states for the rearrangements associated with their
formation, are also shown. The energies of all species and the activation energies associated with the
transition states identified are highlighted.

Reactive potential energy surface with respect to the isolated reactants for the three aminomethanol
conformers. Interconversion transition states and relevant dihedral angles are presented in order to
describe the rotations about the C-N and C-O bonds that give rise to the different conformers.

Geometries

Optimized structures of the three lower energy aminomethanol conformers with
computed bond lengths, bond angles and dihedral angles.
a) Lowest energy conformer b) Second lowest energy conformer c) Higher energy

conformer

Methods
The quantum chemical calculations described in the
following procedure have been carried out using the
Gaussian168 suite of programs for quantum chemistry
and the CFOUR (Coupled-Cluster techniques for
Computational Chemistry) program package 9. The first
step in obtaining accurate energies was the
optimization of geometries using the double-hybrid
revDSD-PBEP8610 functional associated with the
partially augmented basis sets jun-cc-pVTZ and jul-cc-
pVTZ.11 The results obtained were compared, found to
only slightly differ and the structures obtained using the
jun-cc-pVTZ basis set, were used further. This method
was also used for computing the zero-point vibrational
energies of the vibrational ground states at 0
K. Electronic energies were computed using the jun-ChS
composite scheme, an approach which leads to a good
balance between accuracy and computational cost.12

Accurate harmonic vibrational frequencies were then
computed using the so-called 'cheap' composite
scheme. Anharmonic frequencies were then computed
by mixing cheap harmonic wavenumbers with revDSD-
PBEP86/jun-cc-pVTZ anharmonic contributions. Highly
accurate geometries have also been calculated using
the 'cheap' composite approach and equilibrium
rotational constants have been computed. These have
been refined by accounting for vibrational effects to
obtain the ground state rotational constants.13



Vibrational Spectroscopy Rotational Spectroscopy
Ground state rotational constants (GHz) for the relevant 
species. For methylamine, methoxyamine and N-methyl 
hydroxylamine, the results have been compared to 
experimental results previously reported in literature. 15, 16, 17
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Conclusions and future work
The reaction was found to be energetically favourable, indicating a strong likelihood of aminomethanol being present in the
ISM. Further research could be conducted in order to fully characterize the kinetics of the reaction and to investigate further
reactions leading to conversion into glycine. Anharmonic vibrational frequencies computed for methylamine have been found
to be associated with a percentage error of 0.75% and hence, the vibrational data obtained for all other species would be
expected to be similarly accurate. Therefore, the spectroscopic information obtained can be used to drive the laboratory
characterization of aminomethanol or even its search in the ISM. Further research could be conducted in order to further
improve the accuracy of the results obtained by treating some of the vibrational modes separately. Rotational constants have
been computed and comparisons with experimental results have revealed that the associated errors are less than 1.93% . A
similar degree of accuracy is expected for the results obtained for the aminomethanol conformers. The accuracy of the results
could be further improved by accounting for centrifugal distortion.

Left: Transitions in 
the infrared spectra 
of the 
aminomethanol
conformers. The 
bands 
corresponding to 
each conformer, in 
order of increasing 
energy, are shown 
in green, red and 
blue, respectively .
a) harmonic b) 
anharmonic

Right: Transitions in 
the infrared spectra 
of the by-products. 
The anharmonic 
and harmonic 
spectra are shown 
in black and red, 
respectively.
a) CH3ONH2
b) CH3NHOH
c) CH3OHNH
d) CH3NH2 O

Comparison between experimental
results obtained by Hamada et al. 14

and computed anharmonic
frequencies (cm-1) corresponding to
the fundamental transitions in the
infrared spectrum of methylamine

Transition Experimental Computed

1 264 255

2 780 760

3 N/A 958

4 1044 1042

5 1130 1125

6 N/A 1312

7 1430 1433

8 1474 1473

9 1485 1485

10 1623 1631

11 2820 2819

12 2962 2991

13 2985 2992

14 3360 3370

15 3424 3430

Species A0 B0 C0

CH3NH2 103.4237 22.5968 21.6836

Literature 103.1558 22.1694 21.2915

HOCH2NH2 C1 38.4601 9.4865 8.5259

HOCH2NH2 C2 38.7468 9.7613 8.5882

HOCH2NH2 C3 38.8581 9.7875 8.6056

CH3ONH2 42.6595 10.0125 8.9445

Literature 42.4880 10.0496 8.9628

CH3NHOH 38.8373 9.8683 8.6357

Literature 38.9308 9.9396 8.6907

CH3OHNH 36.7619 9.5266 8.2697

CH3NH2O 38.2926 10.1838 8.8734
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