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Studies of low energy electron interaction with
furanose-structured alcohols

P. Papp1, A. R. Milosavljevit2, J. Kocisek\ D. Kubala\ P. Mach3,
J. Urban3, B. P. Marinkovit2, S. Matejcik1

1Department of Experimental Physics, Faculty of Mathematics, Physics and Informatics, Comenius
University, Mlynska dolina, Bratis/ava, 842 48 Slovakia

2 Laboratory for Atomic Collision Processes, Institute of Physics, Pregrevica 118, 11080 Belgrade, Serbia

3 Department of Nuclear Physics and Biophysics, Faculty of Mathematics, Physics and Informatics,
Comenius University, Mlynska dolina, Bratis/ava, 842 48 Slovakia

Two furanose-structured alcohols related to some extent to deoxyribose molecule,
3-hydroxytetrahydrofuran (3HTHF, C4Hs02) and a-tetrahydrofurfuryl alcohol (THFA, CSH1002),
have been studied both experimentally and theoretically. Crossed electron/molecule beams
technique together with quadrupole mass spectrometer has been used for electron induced
positive ion formation studies. The mass spectra of 3HTHF and THFA determined at incident
electron energy 70 eV were analyzed and for number of mass-charge ratios (m/q) the ionization
efficiency curves have been measured. Thus, for 3HTHF 18 different m/q channels were
analyzed experimentally, from which 6 were selected for deeper investigation on DFT level of
theory and finally 5 for the G3MP2 method. The same was performed for THFA with 15 m/q
channels experimentally, 5 on DFT and 4 on G3MP2 levels of theory. Theoretical calculations
with Gaussian 03 program package led to more than 160 fragmentation reactions on
B3LYP/6-311+G(2d,2p), only the energetically comparable to experimentally observed
appearance energies were re-computed on G3MP2.

The experiment showed that although there were 18 and 15 m/q channels observed for 3HTHF
and THFA respectively, only 10 of them for 3HTHF were abundant over 10% of the ionic yield of
most intensive fragment and 6 for THFA. While the parent cation of 3HTHF occurred within its
abundant ionic fragments, THFA cation had a weak signal only. Our theoretical conformational
studies of neutral and cationic 3HTHF and THFA agree well with this experimental observation,
for 3HTHF+ at least 2 stable conformers were found while for the cationic state of THFA partial
dissociation the side CH20H chain group occurred. However the later process, dissociation of
CH20H, seems to be a common feature for the most abundant fragmented ion of both
molecules, the corresponding structures are the furanose closed ring cation with m/q=71 for
THFA fragment and CH2=CH-CH-OH+ with m/q=57 for 3HTHF fragment. Additionally,
fragmentations to cations with m/q=70, 58, 43 and 31 were studied theoretically for both
molecules, except the 58 for THFA that was not observed. One could expect when looking at
the chemical formulas of both molecules that the fragmented cationic structures can be
oxygenated, either singly (possible products found for all discussed channels) or doubly (only
the C2H202+with m/q=58 fragmented from 3HTHF, but its second most abundant fragmented
ion), or can be also cationic hydrocarbons. Only cationic hydrocarbon product found for our
selected channels was the C3H7 cation with m/q=43, with corresponding neutrals COOH from
3HTHF and CH20H + CO from THFA, for the later the second most abundant cationic fragment.

This work was supported by the COST Action CM060, Electron Controlled Chemical
Lithography (ECCL), by the Slovak Research and Development Agency, Projects No. APW-07-
365 and APW-0310-07, as well as the Ministry of Science and Technological Development of
Republic of Serbia under project 141011. Collective from Comenius University in Bratislava
would like also to acknowledge to VEGA grant 1/0558/09.
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