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Highlights
e Relevant rate constants for toluene oxidation obtained at the highest level of theory
affordable for 9 heavy atoms system
e H-abstraction reactions and relative branching ratio between benzyl and methylphenyl radical
formation strongly impacts overall reactivity
e Benzyl radical addition to O, mostly proceeds through a direct bimolecular channel forming
benzaldehyde and OH.

1. Introduction

Alkylated aromatics such as toluene represent a significant fraction of the components in commercial
transportation fuels. Furthermore, aromatic hydrocarbons precede the formation of poly-aromatic
hydrocarbons (PAHS), key precursors in soot and particulate matter formation. These factors clearly justify
the academic and industrial interest in better assessing toluene combustion properties at a fundamental level.
The recent work of Zhang et al. [1] stemmed from the consideration that different toluene kinetic models
available in the literature showed quite controversial behaviors in terms of overall reactivity. Firstly, the
toluene portion of the POLIMI kinetic mechanism was updated based on recent literature and on the
comprehensive kinetic modelling studies of Zhang et al. [1] and Yuan et al. [2]. Figure 1 shows results from
the sensitivity analysis carried out for a stoichiometric toluene/air mixture, at p=20 bar and three different
temperatures (T=689, 1044 and 1400 K), thus covering conditions of relevance in internal combustion
engines. This work presents a methodical theoretical investigation of some of the relevant reaction pathways
highlighted in Figure 1. The impact of this estimates on the performances of the POLIMI toluene kinetic
model are discussed, highlighting open challenges still to be addressed.
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Figure 1. Normalized sensitivity coefficients of temperature increase to rate constants for the POLIMI updated mechanism.
Adiabatic constant volume batch reactor simulations, toluene/air, ¢=1.0, p=20 bar.
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2. Methods

Geometry optimizations and frequency calculations for reactants, wells, transition states and products have
been carried out at the M062x/6-311+g(d,p) level. Potentials for internal rotations and coupled internal
rotations were obtained from relaxed scans at the same DFT level. High level single point energies have been
obtained at CCSD(T)/aug-cc-pVTZ, DF-MP2/aug-cc-pVTZ and aug-cc-pVQZ level, to allow for complete
basis set extrapolation. Low-frequency torsional motions were taken into account in the partition function
calculation according to the one-dimensional hindered rotor method. Internal reaction coordinate (IRC)
calculations were performed with a step size of ~0.016 A to confirm the existence of the single imaginary
frequency saddle point, often allowing the location of reactant-like and product-like van der Waals
complexes. The one-dimensional tunneling correction was applied to the canonical TST rate constants
according to the Eckart model.

3. Results and discussion

As an example, Figure 2a compares results from theoretical calculations of H-abstractions by OH with
experiments and previous estimates. Figure 2b shows the critical branching ratio between benzyl and
methylphenyl radicals, dramatically impacting toluene reactivity (Figure 1).
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Figure 1. a) comparison of the total rate constant of OH + toluene with previous studies and with experimental measurements
(symbols). b) branching ratio between benzyl radical (CeHsCH2) and methylphenyl lumped radical (CeHsCHs).

4. Conclusions

This study advances the knowledge on toluene combustion kinetics by means of an effective coupling of
theoretical rate constants calculations and kinetic modelling analyses. Impact of high accuracy kinetic rate
constants on the POLIMI kinetic model helps to highlight further areas of investigation, of relevance for both
the kinetics of combustion of transport reference fuels and for pollutants formation.
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