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Experimental and computational studies on
lon-molecule reactive collisions

Barcelona (RDG) (rmmmERSERREEEEEE  Perygia (RDG)

1980, Cortona , NATO advanced summer school...

1982, first research stay (experimental Profs. F.
Vecchiocattivi & B. Brunetti )

1980’...
end of 1980’ collaboration in theory Prof. A. Lagana
1991 Li + HCI RIOSA cross section calculations on parallel computers,

Theoretica Chimica Acta, A. Lagana et al.

1990’ ... 1993-1993 Prof. V. Aquilanti ‘hyperquantization algorithm”

beginning of 2000’ Molecular Dynamics studies A. Lagana ...
2015 ....
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Experimental and computational studies on
lon-molecule reactive collisions
Outline

- Experimental ion-molecule reactions in the eV energy range

radiofrequency guided ion beam (RF-GIB) technique (most recent results)

- Complementary ab initio quantum chemistry structure studies
(direct quasiclassical trajectory calculations)

- Improvements in the RF-GIB setup and future perspectives

Coauthors:

Antonio Aguilar
Jaime de Andrés
José M. Lucas

Margarita Alberti

D. Bassi, D. Ascenzi, P. Tosi (University of Trento (Italy)
J.M. Bofill (University of Barcelona, Organic Chemistry Department)

Estefania Lopez PhD student
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- Experimental ion-molecule reactions in the ~ eV energy range

radiofrequency guided ion beam (RF-GIB) technique (most recent results)

- Complementary ab initio quantum chemistry structure studies
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radiofrequency guided ion beam (RF-GIB) apparatus

gas inlet

SEM

ion filter

alkali ions
source

turbo pumps (background pressure ~ 10-7 -10-6 mbar)
(reaction cell pressure ~ 10 -10-> mbar)
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association ion-molecule reactions (adducts)
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... ab initio calculations, s
dynamics models ,semi empirical
PES and MD simulations gl ko “

CH,-CO-CH, + Li*—[Li-- CH,-CO-CH, J* T
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J. Allison and D.P. Ridge (1976)

...dehydrohalogenation of halogenated hydrocarbons and dehydration of alcohols
induced by alkali ions (M*)...

CH,,  X—>CH, +HX  X:halide, OH; H-X:hydrogen

n- 2n+1

( hydrogen halide or H20)
two reactions channels,
CH,_ X+Mt—

n 2Nn+1

channel (1)
channel (2)

observed channels 1 and 2 depend on the nature of both reactants and normally only one
product channel was detected in the Allison & Ridge list ...

or both reaction channels were not observed
moreover, we observed the decompositions reactions

CH,_ X+M+—[CH ]*+HX channel (3)

n- "2n+i n 2n

|C_H, |* — decomposition products  channel (4)

n 2N

at moderately

higher energie
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with enough confidence...
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excitation function in K*

[K-i-C,H,OH]’

[C,H,]"

Measured excitation functions and ab initio potential ener.
ace profile along the reactwn coordmate for ifferent
reactive channels obse H collisions

357

Elimination reactions leading to [KC;H4]* and KOH* were
not observed to occur significantly
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Decomposition reaction:

i-C;H OH — C,H_* + KOH
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Estefania Lopez (PhD student) in the LAMP at the
University of Trento

... another ion-molecule reactions studies
involve the cyanide group, ... nitriles organic compounds with the -C=N functional
group

interstellar clouds, comets & Titan's atmosphere

Intermediates of important organic acids

1

Amino Acids
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ALLYL CYANIDE —\=CH2
)
CYCLOPROPIL CYANIDE A
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H3C\ﬂ/c/
HZ

International Symposium on Molecular Beams, 29" June 2015, Segovia (Spain)

... as molecules of potential prebiotical interest...
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Quadrupol tamdem setup

SOLUTION INLET
| Q Q: Q3
IION SOURCELL_, Sl;lillil\g?gi I I I CIETE gi‘;les I I I Mass Analyzer A
C4H5NH~ I I I | | | /
m/q = 68 ION DETECTION
High Vacuum conditions @
gas inlet

-

Vacuum pump systemn
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C,HNH* + C,H.N »  (C4HgN),H*

m/z =135

measured signals at m/z =68 and 135

C,HN + C,HNH™—=_C.H N,H* >

neutral and protonated cyclopropyl cyanide

both in their electronic singlet ground state

Equilibrium geometries
singlet ground state
Gamess 2013, ab initio RHF and MP2

/ 6_31 G (P:d)
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The study of the ground singlet PES of the C;H, N,H* system did

10”7 "2

not show any relevant information in addition to the expected
presence of the ion-molecule adduct at different levels of theory

considering singlet closed shell reference configurations but we
must consider too...

... the potentially biradical character of the cyclopropyl! cyanide...
.. the possible singlet open shell reference configurations

... the inability of the protonated cyclopropyl cyanide to open the 3-carbon
ring...

... that we are exploring the ground singlet PES of the system at the CASCI level

using some (x e, y m.o.) active space & the IRC method...

... that ¥ ., ¢, electronic wave functions could be able to clearly
show important contributions from open shell electronic
configurations if these are really involved...

... work is in progress in this direction.
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SJComplementaryMablinitiolquantum{chemistryfstructurejstudies

(dlirect quasiclassical trajectory calculatioms)
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how trajectories are done? /
\—\ﬁNUS—NWChem package as provided

[_VENUS

Initialize trajectory l

q(t=0) p(t=0)
Calculate V', G, H,

|

V(q]:l"’(q)+GTAq+;—AqTHL\q

mg=—G—HAgq
Integrate equations of motion

gz2=q , Calculate V>, G2, H> [«

Trajectory
complete?

qg=qz, Vi=V2, G1 =Gz, H1=H:>

International Sympd

by Prof. W. L. Hase

or QCT calculations):
Selection of initial conditions:

.. collision energy
.. Impact parameter
.. thermal rotational energy content

... thermal vibrational energy content or
selecting specific vibrational states

... random molecule-molecule orientation

... Set of coordinates (q) and momenta
(p) for t=0

for quantum chemistry
C

alculations, semiempirical, ab initio or
DFT)

... Some conditions are given for ending
trajectories

sium on Molecular Beams, 29”’ June 2015, Segovia (Spain)
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RC 1
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RC 2
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RC_3
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RC or NRC ?
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(dinect calculations)

- Improvements in the RF-GIB setup and future perspectives
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= and future perspectives

... for the generation of different atomic and molecular ions

to vacuum pump to vacuum pump

gas inlet gas inlet

to vacuum pump

- electron impact ionization source / adapted
from Pfeiffer Vacuum GmbH
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intensity / arbitrary units

... an argon gas inlet together with some ambient air...

6000 —

5000 —

4000 —

3000 —

2000 —

1000 —

-Improvements in the RF-GIB set

\\

N+

Ar2+

and —futture perspectives
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... from the quadrupole mass spectrum...
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... calibration reaction with well known cross-section values (Erwin &
Armentrout, J. Chem. Phys. 1985, 83, 166-189 )

Ar*(?P) + H, (I=%,) — HAr"(I=") + H (3S,)

109—_
b
;: ® measured
j ¢ reference SEgLneiA érfsrftgoslftms (1985))
- /Ar+, He*, Ne?
o
2
g‘g Y'Y CO+, Hz+’ Nz+’
% N ~- .‘ SO+, SCO+;
2 o] [ LY
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Spanish Ministry of Economia y Competividad
(MINECO) Project CTQ2013-41317-P

s ¥ MINISTERIO
"Q' DE ECONOMIA
o Y COMPETITIVIDAD

Agéncia
- de Gestio Catalan Agency for Universities and research /
& d'Ajuts Catalan Research Council
b Universitaris
AGAUR i de Recerca

gonso_ra de  Consorci de Serveis Universitaris de Catalunya
erveis Universitaris . .
(CSUCQ) for allocating computer time
de Catalunya
Thank you for your attention !
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