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Motivation: 

DNA damage - single- and double-

strand breaks in DNA are caused by 

secondary low-energy (up to 20 eV) 

electrons generated by the ionizing 

radiation (X-rays, γ-rays, β-rays). 



Motivation: 

 The formation of H-, O- and OH- is 

attributed to dissociative electron 

attachment (DEA). 

 

 "This result further indicates that the 

measured yields results from a local 

interaction (e.g., DEA to a basic 

constituent) not related to the long 

range geometrical properties of DNA." 



Motivation: 

 The  π* shape resonances initiate the 

DEA to DNA. 

 

 Results obtained in gas-phase can help in 

the unndertanding of processes that occur 

in consensed phase. 

 

Gas-phase. 

Model using resonances locations 

Computed in gas-phase. 



Motivation: 

 DEA to DNA  initiates with the 

formation of a transient negative 

ion (shape, core-excited, or 

Feshbach resonances)  

electron-molecule collision 

problem (gas phase). 

 

 Solvation: systems with water. 

 

Gas phase           condensed 

phase: systems with hydrogen 

bonds. 



The SMC method: 

K. Takatsuka and V. McKoy, PRA 24, 2473 (1981); PRA 30, 1734 (1984) 

 

 Extension of the Schwinger variational principle for the scattering 

amplitude for applications to low-energy electron-molecule collisions; 

 

 Capable of addressing important aspects of these collisions as: 

• exchange interactions (ab initio);  

• effects arising from the polarization of the target by the incident 

electron (ab initio);  

• electronic excitation (multichannel coupling). 

 

 In the present implementation of the SMC method, to represent the 

core electrons we employ the local-density norm-conserving 

pseudopotentials of Bachelet, Hamann and Schlüter [PRB 26, 4199 

(1982)]. 
M. H. F. Bettega, L. G. Ferreira, and M. A. P. Lima, PRA 47, 1111 (1993). 



CH2O...H2O complex: 

A, B, C, and D: 1W proton donor. 
K. Coutinho and S. Canuto,  

J. Chem. Phys. 113, 9132 (2000). 

 

CH2O: π* shape resonance at around 1 eV (B1). 
Rescigno et al. PRL 63, 248 (1989); Kaur and Baluja, JPB 38, 3917 (2005). 



CH2O...H2O complex: 

Simulation: the lowest unoccupied orbitals (π*) are 

mostly localized on the solute. 



HCOOH...H2O complex: 

HCOOH: π* shape resonance at around 1.9 eV (A´´). 
Pelc et al. Chem. Phys. Lett. 361, 277 (2002); Pelc et al. Eur. Phys. J. D 20, 441 (2002); 

Vizcaino et al. New J. Phys. 8, 85 (2006); M. Allan, J. Phys. B 39, 2939 (2006); 

Rescigno et al. Phys. Rev. Lett. 96, 213201 (2006); Bettega, Phys. Rev. A 74, 054701 (2006) 



HCOOH...(H2O)n complex (n=1,2): 

A to F: 1W proton donor. 

A to C: trans; D to F: cis 



HCOOH...(H2O)n complex (n=1,2): 

G to J: 1W proton acceptor. 

G and H: trans; I and J: cis 



HCOOH...H2O complex: 

K to P: 2W proton donor/acceptor. 

A to C: trans; D to F: cis 



HCOOH...H2O complex: 

Simulation: the lowest unoccupied orbitals (π*) are 

mostly localized on the solute. 



HCOOH...H2O complex: 



C6H5OH...(H2O)n complex (n=1,2): 

Geometry optimization 
R. C. Barreto, K. Coutinho, H. C. Georg, and S. Canuto,  

Phys. Chem. Chem. Phys. 11, 1388 (2009). 



C6H5OH...(H2O)n complex (n=1,2): 



C6H5OH...(H2O)n complex (n=1,2): 

CoA 

CoB 

CoC 

CoD 



CH2O...H2O complex: 

Simulation 

Lowest unoccupied orbitals (π*). 

Virtual orbital energies (eV) 

A B C D Opt. CH2O 

2.38 1.99 2.21 2.14 2.54 2.85 

Geometry optimization 

E. E. Fileti, R. Rivelino and S. Canuto, 

J. Phys B 36, 399 (2003). 





Conclusions: 

  The presence of water stabilizes(donor)/destabilizes(acceptor) 

the  shape resonance of with respect to the corresponding values 

in the gas phase (net charge in the solute). 

 

 The DCSs of a gas of the complexes and of a gas of the 

independent molecules differ at around 60o suggesting a solvation 

signature. 

 

 

 Geometry optimization: stabilizes (donor)/destabilizes(acceptor) 

the resonance. 
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