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Environmental problem

What is the interaction between a 
“soot” particle and a (small) 

molecule?

    Soot particles are second to CO2 in
their contribution to global warming

Soot particles are substrate to 
heterogeneous reactions

 leading to the production of radicals…

Suspected neurotoxicity of 
traffic related pollution

Incomplete combustion products
Ramanathan et al. Nat. Geosci. 1.4 (2008): 221.

Monge et al. PNAS 107.15 (2010): 6605-6609.

Sunyer et al. PLOS Med. 12.3 (2015): e1001792.
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Modeling of the system
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Ground state of the Pyrene NO2 system
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Université de Lille 7/21



The vdW-TSSCDS method
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The vdW-TSSCDS method

Bond Breakage/Formation Search R1

SP (vdW-TSSCDS)

1D  grids

2D  grids

IRC
rnd(6D)SP

Many body expansion:

Ri + Rij + Ri...n + RIRC + RΔIRC

Panadés-Barrueta R., Martínez-Nuñez E. 
and Peláez D. Front. Chem. 7:576. 2019

Example:

Systematic generation of
PES reference data
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Computation of the PES

SRPTucker

MGPF

Automated generation of electronic structure level of theory

Tensor decomposition algorithm interfacing
to nuclear quantum dynamical software

Panadés-Barrueta R., Martínez-Nuñez E. 
and Peláez D. Front. Chem. 7:576. 2019

Peláez, D., and Meyer, H. D. J. Chem. Phys. 
138(1), 014108. 2013 

SOP-FBR

Panadés-Barrueta R., and Peláez D. 
               (in preparation)

Automatic direct computation of the PES
in Sums of Products form

Needed for Nuclear Quantum Dynamics
with MCTDH!
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LL trajectories and sampling

4 x

70 x

22 xConvergence of the number
 of unique LL TS (PM7)

Screening
(SVD, CMAT)

Propagation
500 fs

BBFS

TS

Guess

TS

40000 microcanonical trajectories of Emax = 200 kcal/mol
CPU time ~ 78 s
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HL Transition States and Minimum Energy Paths
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HL Minima obtained from IRCs
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Energies of the Stationary Points

 Panadés-Barrueta R., Dembele K.,  Duflot D. 
and Peláez D. (in preparation)

Energies of the HL
Stationary Points

Université de Lille 15/21



Reaction network

 Panadés-Barrueta R., Dembele K.,  Duflot D. 
and Peláez D. (in preparation)
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Reaction network

 Panadés-Barrueta R., Dembele K.,  Duflot D. 
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Reaction network

 Panadés-Barrueta R., Dembele K.,  Duflot D. 
and Peláez D. (in preparation)

The missing stationary point
 cannot be  found with PM7!
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Conclusions and future perspectives

Conclusions

The present study constitutes the first application to weakly bound
clusters of the recently developed vdW-TSSCDS method

The topography of the intermolecular PES of the Pyr-NO2 has
been automatically characterized

The reaction network of the system has been elucidated. Some
problems in the LL of theory have been detected.

Perspectives: Pyr-NO2

Obtain the global interaction potential (article in preparation)

Determination of the ground state

Study the electronic excitations

Use SRPs to improve LL stage (Panadés-Barrueta et al, Front.
Chem. 7:576. 2019)
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