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HΨ=EΨEΨΨ

M nuclei
N electrons

Ψ=EΨΨ(RA,RB,...RM,r1,r2,r3,...,rN)

Introduction
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Introduction

Ψ=EΨΨ(r1,r2,r3,...,rN)

Born-Oppenheimer approximation
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Introduction
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Astrochemical reactions:
Small energy barriers (Ea)

Small error in Ea      large errors in k

Introduction
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Intro: Accurate potential energy
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Level of theory

EΨxact limit

CCSD(T)  
Gold-standard in quantum chemistry
Not suited for bond-breaking processes

MRCI(Q)
Accurate description 
including bond-breaking barriers

Explicit correlation !
Extrapolation to the CBS limit !

CBS
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For rate coefficients:

- Further methods: TST, QCT, QM...
- Small error in Ea      large errors in k

Introduction

Calculation of the potential energy:

- Predict the viability of reactions
- Thermodynamical properties
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SiS: motivation

Observed:
- envelopes of evolved stars 
- star-forming regions: Sgr B2, Orion KL, L1157-B1.
- 2017: Also in a solar type star

Podio L. et al.
MNRAS,  470, L16 (2017)

“The strong gradient of the [SiO/SiS] abundance ratio 
across the shock (from ≥180 to 25) points to a ∼25) points to a 
different chemical origin of the two species”

UMIST: no neutral-neutral formation or destruction route
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SiS: destruction

Level:
MRCI(Q)/CBS

M. A. M. Paiva, B. Lefloch and B. R. L. Galvão
MNRAS,  470, L16 (2017)
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OSiS?

Upper limit in Orion KL:   
                                N(OSiS)≤6.3×1013cm-2

                                N(SiS)/N(OSiS) ≥ 22

                G. EΨsplugues et al.
                A&A,  556, A143 (2013)

OSiS: EΨxperimentally produced (2011), but not observed in ISM yet
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SiS formation

Podio L. et al.
MNRAS,  470, L16 (2017)

“This suggests that SiS is not directly released 
from the grain cores but instead should be 
formed through slow gas-phase processes 
using part of the released silicon.”

Recent models suggest that the main reservoir of sulfur on dust grains 
would be HS and H2S, which are released in grain sputtering. 

Could Si+SH  or  Si+H2S  collisions be potential sources for SiS?
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SiS formation: Si+SH?

Highly reactive!

Current work: calculate accurate rate coefficients

Level:
MRCI-F12/cc-pVQZ-F12

Is there HSiS?
HSiS+ is in UMIST
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SiS formation: Si+SH2?

EΨxcited SiS*

Singlet-Triplet collisions

Level:
MRCI-F12/cc-pVQZ-F12
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SiS formation: Si+SH2?

Level:
MRCI-F12/cc-pVQZ-F12
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SiS formation: Si+SH2?
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Formation of CH2NH

Suzuki T. et al.
ApJ,  859, 79 (2016)

Work in collaboration with IAG 
       (EΨdgar Mendoza)
Detected at G331.512-0.103

glycine precursor??
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Formation of CH2NH

Level:
MRCI(Q)/CBS
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Formation of CH2NH

HNC+H2CO

HCN+H2CO

CH2NH+CO

EΨ
/k

J 
m

ol
¹⁻¹

0.0

-60.8

-104.1

Other formation reactions?

Thermodynamically favorable!!!
Kinetics?
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Formation of CH2NH

Previous: EΨlectronic Structure calculations on the Reaction of Vinyl Radical with Nitric Oxide
Sumathi R. et al.
J. Phys. Chem. A,  104, 1905 (2000)
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NCO and HNCO?

J. Phys. Chem. A,  (2019)
DOI:10.1021/acs.jpca.9b03860

J. Phys. Chem. A,  
122, 4198 (2018)

UMIST:
H

3
+ + CNO→ HCNO++H

2

                              
→ HONC++H

2

NCO? H
2
?
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Summary

Accurate potential energies: 
- Assess the viability of proposed reactions as sources/sinks 
of chemical species
- First step towards obtaining rate coefficients
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Summary

SiS: 
- Quickly destructed by collisions with atomic O
- Si+SH: potential source
- Si+SH2: thermodinamically favorable, spin forbidden 

CH2NH: 

- Main formation reactions: CH+NH3 and NH+CH3 
- Observed in G331.512-0.103
- Potential glycine precursor 
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