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lowest-energy reaction channel
C(Pg)+ CHT (X'5H) — CF (X*57) + H (2Sy)
CHt Dynamics calculations 4.C+CHT
firstly detected Distribute Al runs and get the PES reaction

in the ISM in 1941

+
ci
comtes Halley and
Jacobini-Zinner

Model k(T)
1.2x107 cm?® s~
(KIDA and UDfA)

1. Sample configuration space @@@@@@@
e

2. Compute a set of ab initio energies

3. Fit them with a functional form

4. Run the dynamics on the obtained PES

Distribute scattering E's and get reactive P's

5. Work out observables

Compare model versus dynamics k(T)
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S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
bond-order grid approach, The Journal of Physical Chemistry A, 2016, DOI: 10.1021/acs.jpca.5b10018
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SRBO approach
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switch from BL to BO space
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S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
bond-order grid approach, The Journal of Physical Chemistry A, 2016, DOI: 10.1021/acs.jpca.5b10018
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S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
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S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
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SRBO outperforms BL in converging the PES
with increasing number of grid points

S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
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|. Introduction

f=2
10-point SRBO grids II. PES
5-point angular grid 5. SRBO
6. Fitting
7. Channels
Ab initio 8. Reaction paths
PC-NEVPT2/CASSCF [1l. Dynamics
DKH Hamiltonian
ANO-RCC basis set V. Kinetics
Many-body expansion V. Conclusions
V(n,ro,r3) = Fitting
\/gq)(ﬂ) + \/22)(,2) + \/&2)(@)4_ 775 ab initio energies
6th-degree polynomial fit for two-body terms
\/(3)(r1 ro,r3) 7th-degree polynomial fit for three-body term

A Aguado, M Paniagua, A new functional form to obtain analytical potentials of triatomic
molecules, The Journal of Chemical Physics 96, 1265-1275 (1992)
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° V. Conclusions
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esoergic, favoured isoergic, less deep well

L Pacifici, M Pastore, E Garcia, A Lagana, S Rampino, A dynamics investigation of the C + CHt — C; +H
reaction on an ab initio bond-order like potential, The Journal of Physical Chemistry A, 2016, submitted
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Rectangular relaxed plot
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reaction coordinate R
1 = arctan (rcH/rec)
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7. Channels

angular coordinate

P = @ 8. Reaction paths
[Il. Dynamics

overall-size coordinate

p= (%H + %C)VQ IV. Kinetics

RRX plot V. Conclusions

min V(n, ®)
P

L Pacifici, M Pastore, E Garcia, A Lagana, S Rampino, A dynamics investigation of the C + CHt — C; +H
reaction on an ab initio bond-order like potential, The Journal of Physical Chemistry A, 2016, submitted
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Reaction paths

path 1: collinear MEP

C+CHYT — CCHT = Cf +H
path 2: absolute MEP

C+CHt — CCHt — HCCt - H+Cf

v IR (SR | R L
Dy

L Pacifici, M Pastore, E Garcia, A Lagana, S Rampino, A dynamics investigation of the C + CHt — C; +H
reaction on an ab initio bond-order like potential, The Journal of Physical Chemistry A, 2016, submitted
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L Pacifici, M Pastore, E Garcia, A Lagana, S Rampino, A dynamics investigation of the C + CHt — C; +H
reaction on an ab initio bond-order like potential, The Journal of Physical Chemistry A, 2016, submitted
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Energetics

Exoergicity:
1.64 eV
1.73 &V (+ ZPE)

Well depth:
6.71eV

Inter-well barrier:

1.04 eV
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L Pacifici, M Pastore, E Garcia, A Lagana, S Rampino, A dynamics investigation of the C + CHt — C; +H
reaction on an ab initio bond-order like potential, The Journal of Physical Chemistry A, 2016, submitted
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QCT calculations

Program VENUS96

Trajectory

impact parameter b

collision energy Ey,

atom-diatom orientation angles

diatom's quantum-like internal states (v, j)

Ny, (Eir, b): total trajectories
NEJ(E‘” b): reactive trajectories
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QCT calculations Outcomes
Program VENUS96 opacity function
NR (Ew,b)
PV,J(EW: b) = NVZ:(EMEQ
Trajectory
reactive probcbihfy 9. QCT vs QRS
R
impact parameter b P(Ey) = Ny (Er)
- vilBr) = §,E)
collision energy Ey, 2
atom-diatom orientation angles X
. I S E cross section
diatom's quonfum-hke internal states (v, j) NR
9 )
Oy = Thpax sz

NVJ(E”, b): total trajectories

R ) . )
N;(Etr, b): reactive trajectories thermal rate coefficient

[ekeT ;o NE
kV,I(T) = <V>UVJ = ﬁﬂ—bmox sz
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TD-QRS
Program RWAVEPR (D Skouteris)
1. set up a (v, j) wavepacket
2. evolve in time
9. QCT vs QRS
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TD-QRS
Program RWAVEPR (D Skouteris)
1. set up a (v, j) wavepacket
2. evolve in time
9. QCT vs QRS

3. analyse far into the product region
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TD-QRS
Program RWAVEPR (D Skouteris)

1. set up a (v, j) wavepacket
2. evolve in time
3. analyse far into the product region

80000 time iterations
400 x 400 (/, R") grid
GPU-based implementation
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TD-QRS
0.8
o Program RWAVEPR (D Skouteris)
=06
E 1. set up a (v, j) wavepacket
E 04 2. evolve in time
3. analyse far into the product region ¢ QCT vs QRS
0.2
80000 time iterations

: ()l_] : 0%2 : 03 400 x 400 (I'I, Rl) grid
Translational energy / eV GPU-based implementation

=g
=
1=

state-specific (v = O, j = O) reactive probabilities

L Pacifici, M Pastore, E Garcia, A Lagana, S Rampino, A dynamics investigation of the C + CHt — C; +H
reaction on an ab initio bond-order like potential, The Journal of Physical Chemistry A, 2016, submitted
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Reactive cross sections

02

Cross section /A

I. Introduction

IIl. PES

1] Dyﬂamwcs
9. QCT vs QRS
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