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Synopsis We present the results of recent investigations of charge transfer process ! in the collision! of C
2+

ions with 

heterocyclic molecule! of tetrahydrofuran.

Charge transfer (CT) in atomic and molecular 

collisions has been intensively studied by us in the 

past decade. [1-3] The importance of this process is 

evident in different fields of science such as chemis-

try, material science, astrophysics, laser research, 

biophysics and many others. For instance, the under-

standing of the CT mechanism is essential to address 

radiation damage in DNA. Important damage is due

to secondary particles: low-energy electrons, radi-

cals, or singly and multiply charged ions generated 

along the track after the interaction of the ionizing 

radiation with the biological medium. In this regard, 

we present a complete theoretical study of a funda-

mental CT process occurring in collision between 

multiply charged carbon ions and the tetrahydrofuran 

molecule. Tetrahydrofuran (THF, C4H8O) heterocy-

clic molecule is a model molecule which can be con-

sidered as a simple analog of the deoxyribose sugar 

and also structural unit for the DNA or RNA build-

ing blocks. A detailed analysis of the electronic 

structure of the THF molecule by employing several 

accurate quantum chemistry approaches is presented 

to determine the geometry of the molecule and to

define the most important orbitals which are includ-

ed in the process. The planar (q= 0°) and perpendic-

ular (q= 90°) attacks of the C
2+

 projectile on the THF 

target molecule (being in envelope C2v and twisted 

Cs symmetry orientation) were investigated using ab

initio potential energy curves and non-adiabatic cou-

plings calculated along internuclear distance R fol-

lowed by a semi-classical collisional treatment with 

the impact energy range from eV to keV. Single and 

double electron capture channels have been identi-

fied in the potential energy curves. A strong delocal-

ization of the p electrons of the THF ring towards 

the C
2+

 ion leading to the creation of a chemical 

bond between the oxygen atom and the colliding ion 

has been observed.  

The presence of the cluster of the [C
+
- 

C4H8O]
+

temporary formed during the interaction

has been noticed, which confirms the experimental 

prediction [4] for the C
+
- THF system.  Another im-

portant conclusion of our work concerns the calcu-

lated values of CT cross sections, which strongly 

depend on the orientation of the THF molecule.  

It has been pointed out that change of the symmetry 

of the THF from C2v to Cs in the collision with C
2+

ions leads to the significant increase of the cross sec-

tions values even by three orders of magnitude 

(Figure 1). 

Figure 1. Averaged charge transfer cross sections for dif-

ferent orientations of the C
2+

 projectile toward the THF 

molecule at C2v and Cs symmetry.   

Taking into account the dependence between the 

fragmentation and electron capture processes, this 

would suggest that the CT process seems to be the 

most efficient and playing the most significant role 

when the carbon ion is colliding the THF in Cs

symmetry with displaced orientation of a =23º along 

C-O bond. Our work is a basis to study the fragmen-

tation processes induced by the collision of ions and 

protons with the biologically relevant biomolecules 

and their analogs which we plan to present in future.
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