A competition between two- and three-body dissociation channels in photodouble-ionization of tetrahydro-2H-pyran and 3,4-dihydro-2H-pyran molecules
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Abstract
The heterocyclic rings containing oxygen or nitrogen atoms are incorporated into a wide variety of structures that play a significant role in many different fields of chemistry, medicine,
and biology. Due to a specific atomic composition and bond arrangement, many of these molecules possess unique electronic properties, which may be probed by diverse spectroscopic
techniques, including those utilizing synchrotron radiation. In particular, the photoelectron-photoion coincidence (PEPICO) technique provides detailed information about the presence
of specific bonds, the reactivity of these molecules, as well as their electronic structure and decomposition mechanisms.
Here, we present results on the photo-double-ionization and fragmentation of the six-membered heterocyclic molecules containing oxygen, namely 3,4-dihydro-2H-pyran (DHP,
C5H8O) and tetrahydro-2H-pyran (THP, C5H10O). The experiments were carried out at the Gas Phase Photoemission beamline at the Elettra-Sincrotrone radiation facility exploiting the
VUV excitation and the ion time-of-flight spectrometry combined with the PEPICO technique. The dissociative processes where only one electron is emitted are quite well known.
However, double ionization is a more complex mechanism producing the doubly charged parent ion after the emission of two correlated electrons. These doubly charged ions are usually
very reactive, short-living entities that can dissociate into the ionic fragments through a few many-body fragmentation pathways. The present experimental study aims at elucidating the
mechanisms of these dissociation channels in DHP and THP. In particular, we show how the character of the bond arrangement in DHP and THP impacts the generation of two- and threebody charge separation reactions occurring at the lowest energies. C5H8O has a non-aromatic ring with five carbon atoms and one oxygen atom. It contains one double bond. By removing
the double bond by two more hydrogen atoms, we get a saturated six-membered ring of THP.

Experimental method
The measurements were carried out at the GasPhase beamline [1] of the Elettra synchrotron radiation storage ring in Trieste, Italy.
Briefly, we used the experimental apparatus described by Kivimäki et al. [2]. It consists of a modified Wiley–McLaren time-of-flight
spectrometer, which was originally used to detect photoelectron-photoion coincidences and subsequently also neutral-particle–photoion
coincidences [3]. The setup in the modified configuration can also be used to measure PEPICO spectra. The TOF spectrometer (with a 203-mm long
drift tube) was oriented parallel to the electric vector of the linearly polarized synchrotron light. In the interaction region, the monochromatic
photon beam from the beamline crossed the effusive beam of the sample molecules emanating from a hypodermic needle [4]. When synchrotron
light interacts with studied molecules, some of them are ionized and further dissociate into ionic and neutral fragments. Resulting positive ions were
pushed toward the acceleration region and entered a drift tube, and were detected by a microchannel plate (MCP) detector. The flight times of the
positive ions in the TOF spectrometer were used to determine the masses of the original fragments, and consequently to identify them. PEPICO
method gives the coincidence maps plotted as the arrival time of the first ion and that of the second ion, with respect to the instance of detection of
O
O
H2C
CH2 HC
CH2 one of the photoelectrons. As the result, the pairs of correlated ions show up as areas with a higher density of points whereas the vertical and
horizontal lines represent the points where uncorrelated ions occured. By counting the number of coincidences within one island, it is possible to
THP
DHP
H2C
CH2 HC
CH2 trace the dynamics of the dissociation of the molecules, i.e. how a given decay channel initiated by double ionization changes with, for example,
CH2
CH2
increasing the energy of the incident photons.

Coincidence maps and TOF mass spectrum

Coincidence yields

The coincidence map of THP measured at a) 26.25 eV b) 34.75 eV. c) The time-of-flight mass spectrum of
the cations detected at the 34.75 eV photon energy.
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The coincidence map of DHP measured at a) 25 eV b) 35 eV. c) The time-of-flight mass spectrum of the
cations detected at the 35 eV photon energy.
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Figures present
coincidence yields
and the appearance
energies of two of
the lowest energy
fragmentation
channels triggered
by double
ionization in each
molecule.
The analysis reveals
that the small
change in the bond
rearrangement
(double-bound
between carbon
atoms in DHP
instead of a single
one in THP) may
provide a
pronounced
stabilization of the
DHP ring compared
to the THP
structure.
In THP, there is a
competition
between two- and
three-body
fragmentation
channels. However,
the
+
+
CH3 +C3H5 +H2CO
dominates over the
other channels.
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In contrast, in DHP,
a two-body
fragmentation
pathway is the
major one, and it
opens up at about
one eV lower
energy than other
breakup channels.

