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Methodology

• Molecular modelling
• Calculations were carried out on Gaussian 09.
• Aug-ccPVTZ basis set
• M06-2X functional
• Dispersion corrections
• Ultrafine grid
• Gas phase

• Calculations further improved with single point CCSD(T)-f12 

• ADMS used for atmospheric simulations



Molecule Selection
• Chosen for literature comparison

• Chosen for modelling ease

• Chosen for relevance to degradation work already completed



Modelling studies overview
• For each amine, a number of reactions were investigated.

• Amino radical formation:

• Imine formation:

• Nitrosamine and Nitramine formation:



AMP and OH radicals – an 
example



AMP and radicals – formation of 
Amino Radicals

Amino Radical 
formed

OH O
2

NO
2

Cl

7.5 - 38.0 13.6

4.7 47.3 30.8 -

6.3 51.7 31.9 9.1

9.0 - 34.7 13.0



Data Overview
Amine OH abstraction NO2 

abstraction
Chlorine 

abstraction

Nitrosamine 
formation

Imine formation

at NH at CH at NH at CH at NH at CH via N
2
O

3
OH O

2
NO

2

Ammonia 8.12 - 39.86 - 15.00 - 22.88 - - -

Methylamine 7.38 5.91 30.39 27.23 7.55 - 17.58 7.99 54.0 39.82

Dimethylamine 4.42 7.3 23.00 24.48 2.91 - 11.04 14.32 54.53 40.37

Trimethylamine - 8.05 - 23.68 - - - - -

AMP 6.26 4.73
7.49
9.01

31.95 38.0
30.8

9.08 - 18.77 - -

Piperazine 4.87 8.82 23.07 27.42 3.94 - 12.57 7.53 53.94 39.94

Morpholine 5.00 8.38
8.92

24.08 28.32
36.26

- - 17.87 6.24 46.00 28.18



C1-C6 Complexes 
• Creation of a large data library for use in further studies
• Reactions of amines with OH radicals to form amino radicals probed. 
• Over 70 amines investigated to date



ADMS amine chemistry



ADMS initial studies
• Based on ADMS example simulation
• Single Boiler Stack, 45 m
• 1500 x 1500 m area
• Meteorological data at hourly intervals for 1 day
• Systematically vary chemistry data (x10, x5, x2, /10, /5, /2) – analyse effect on 

amine, amino radical, nitrosamine, nitramine concentrations





ADMS initial studies
• Variation of k2





ADMS initial studies
• Variation of k3





Summary and future Work
• A range of DFT studies completed for 7 amines
• Initial simulations using ADMS

• Improve DFT modelling studies – particularly nitrosamine formation using CASSCF

• Use calculated rate constants for piperazine, etc. to generate ADMS prepared data sets

• Use aforementioned data sets in ADMS and compare and contrast with MEA data already published.

• Extensions to work could include completion of data sets for larger body of amines (where OH 
reactions have already been completed).

• Would like to validate and optimise in some fashion ADMS format amine chemistry mechanisms
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