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Amines are released in combustion 
of biomass and industrial processes:

● Biofuels
● Agriculture
● Wildfires
● Carbon capture agents
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Methylamine Oxidation

● Methylamine is common 
degradation product of amines 
used for carbon capture 

● Byproduct of NH3/methane 
combustion

● Limited work on oxidation 
pathways
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*

*Butkovskaya, N. I., & Setser, D. W. (2016). Branching Ratios and Vibrational Distributions in Water-Forming Reactions of OH and OD Radicals with Methylamines. Journal of Physical Chemistry A, 120(34), 6698–6711. 
* Onel, L., Blitz, M., Dryden, M., Thonger, L., & Seakins, P. (2014). Branching ratios in reactions of oh radicals with methylamine, dimethylamine, and ethylamine. Environmental Science and Technology, 48(16), 9935–9942.
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~3 x 10-11 molecules-1 s-1

(267 - 363 K)

Rissanen, M. P., Eskola, A. J., Nguyen, T. L., Barker, J. R., Liu, J., Liu, J., Halme, E., & Timonen, R. S. (2014). CH 2 NH 2 + O 2 and CH 3 CHNH 2 + O 2 Reaction Kinetics: Photoionization Mass Spectrometry Experiments and Master 
Equation Calculations. The Journal of Physical Chemistry A, 118(12), 2176–2186. https://doi.org/10.1021/jp411238e
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Methodology: PIMS results
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Methodology: KinBot
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Automated reaction kinetics workflow tool for 
elementary gas-phase reactions.

• Searches for reaction paths starting from a 
parent compound, continuing over multiple 
wells

• Characterizes stationary points

• Assembles the chemical master equation

• Includes uncertainty quantification

• Open source

Van de Vijver R, Zádor J. KinBot: Automated stationary point search on potential energy surfaces. Comput Phys Commun. 2020;248:106947. doi:10.1016/j.cpc.2019.106947

https://github.com/zadorlab/KinBot/
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Automated reaction kinetics workflow tool for 
elementary gas-phase reactions.

• Searches for reaction paths starting from a 
parent compound, continuing over multiple 
wells

• Characterizes stationary points

• Assembles the chemical master equation

• Includes uncertainty quantification

• Open source

Van de Vijver R, Zádor J. KinBot: Automated stationary point search on potential energy surfaces. Comput Phys Commun. 2020;248:106947. doi:10.1016/j.cpc.2019.106947
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Great at finding new reaction pathways!
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•D2C NH2
•H2C NH2

*Holzmeier, F., Lang, M., Hader, K., Hemberger, P., & Fischer, I. (2013). H 2 CN + and H 2 CNH + : New insight into the structure and dynamics from mass-selected threshold photoelectron spectra. The Journal of Chemical Physics, 138(21), 214310. 
https://doi.org/10.1063/1.4808050
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•D2C NH2
•H2C NH2

Too short-lived to see

*Holzmeier, F., Lang, M., Hader, K., Hemberger, P., & Fischer, I. (2013). H 2 CN + and H 2 CNH + : New insight into the structure and dynamics from mass-selected threshold photoelectron spectra. The Journal of Chemical Physics, 138(21), 214310. 
https://doi.org/10.1063/1.4808050
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*Holzmeier, F., Lang, M., Hader, K., Hemberger, P., & Fischer, I. (2013). H 2 CN + and H 2 CNH + : New insight into the structure and dynamics from mass-selected threshold photoelectron spectra. The Journal of Chemical Physics, 138(21), 214310. 
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*Holzmeier, F., Lang, M., Hader, K., Hemberger, P., & Fischer, I. (2013). H 2 CN + and H 2 CNH + : New insight into the structure and dynamics from mass-selected threshold photoelectron spectra. The Journal of Chemical Physics, 138(21), 214310. 
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HC NH +

H3C NH• hν+

H2

*

* Forde, N. R., Butler, L. J., Ruscic, B., Sorkhabi, O., Qi, F., & Suits, A. (2000). Characterization of nitrogen-containing radical products from the photodissociation of trimethylamine using photoionization detection. The Journal of Chemical 
Physics, 113(8), 3088–3097. https://doi.org/10.1063/1.1286973
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Methylamine Oxidation: CH3NH + O2

Alam, M. A., Ren, Z., & da Silva, G. (2019). Nitramine and nitrosamine formation is a minor pathway in the atmospheric oxidation of methylamine: A theoretical kinetic study of the CH 3 NH + O 2 reaction. International Journal of Chemical 
Kinetics, 51(9), 723–728. https://doi.org/10.1002/kin.21303

3.6 × 10−17 cm3 molecule−1 s −1
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CCSD(T)-F12a/cc-pVDZ-F12//ωB97X-D/6-311++G**
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What masses increase by 3 m/z 
in the d3-methylamine results?
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45, 47

48, 50

H3C N

O

H3C NH

OHIE 9.0 eV‡

IE 9.3 eV*

*Frost, D. C., Lau, W. M., McDowell, C. A., & Westwood, N. P. C. (1982). A study by He I photoelectron spectroscopy of monomeric nitrosomethane, the cis and trans dimers, and formaldoxime. Journal of Physical Chemistry, 86(18), 3577–3581. 
‡ Rademacher, P., & Freckmann, B. (1980). Photoelektronenspektren und konformationsverhalten von hydroxylamin und methylhydroxylaminen. Journal of Electron Spectroscopy and Related Phenomena, 19(2), 251–259. 
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● Can detect CH3NH

● Unlikely to see products of 
CH3NH + O2

● CH3NH undergoes rapid 
reactions, potentially with 
HO2 and OH 

•H2C NH2

H2C NH

H3C NH•

+ O2

+ OH

74% 26%

H3C NH2

H3C NH

O•

H3C N

O

- H2O - OH

- H2O

- HO2

+ HO2

- H

H3C N

O

H3C NH

OH
+ OH



Current/Future Work

● Building comprehensive chemical kinetics model (Cantera) 

● Theory to explore additional reactions of CH3NH
 Looking for graduate student intern!

● Atmospheric pressure experiments

38
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