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Abstract. A photoelectron spectrum is reported for an anionic complex of uracil
(U) with HCN. The effects of electron attachment to a complex of U with HA (A =
CN, NC) have been studied at the density functional theory level with 6-31++G**
basis sets and the B3LYP and MPWIK exchange correlation functionals. Critical
anionic structures have been reexamined at the MP2/6-31++G** level. The B3LYP
gas-phase deprotonation enthalpies are equal to 14.56, 15.13, and 15.12 eV for
HNC, HCN, and H,S, respectively. The experimental deprotonation enthalpies are
15.217£0.009 and 15.212+0.126 eV for HCN and H_S, respectively. Hence, HCN
and H,S have very indeed similar deprotonation enthalpies. The photoelectron
spectra of anionic complexes of uracil with HCN and H,S are, however, very
ditferent, The (UHCN)™ spectrum reveals a broad feature with a maximum between
1.2-1.4 eV, whereas the main feature of the (UH,S)™ spectrum has a maximum
between 1.7 and 2.1 eV. We suggest that barrier-free proton transfer (BFPT) occurs
in the (UH,S)complex, but not in (UHCN)-. Critical factors for the occurrence of
BFPT have been analyzed. The difference between the (UHCN)- and (UH,S)
complexes is attributed to differences in hydrogen bonds formed by HCN and H.S
with uracil.

1. INTRODUCTION

DNA 1s responsible for storage and processing of ge-
netic information. The mutagenic properties of ionizing
radiation have been well documented throughout the
last century. Only a small percentage of the total DNA
damage is due to the direct interaction of high-energy
particles with genetic material.' These are the products
of interaction of ionizing radiation with cellular envi-
ronment that are the main mutagenic agents. The OH
and H radicals, as well as secondary low-energy elec-
trons are among the most abundant reactive species
formed by radiolysis of water. While the connection
between the presence of free radicals and the formation
of DNA mutations 1s well characterized,>? the role of
low-energy electrons in genotoxicity has only recently
been systematically addressed.*® Recent reports indicate
that around one-third of all DNA damage is induced by
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the interaction between this biopolymer and charged
low-energy particles. !

The recent experiments by Sanche and coworkers*”
suggest that electrons with energies in a range of
1-20 eV can induce DNA damage. However, in contrast
to the reactions between genetic material and reactive
species such as free radicals and alkylating and oxidiz-
ing agents, low-energy electrons lead directly to single
and double DNA strand breaks. The resonance structure
of the damage quantum-yield versus incident electron
energy suggests that the process proceeds via anionic
states, probably localized on the nucleic acid bases.
Such a mechanism of a single-strand break has been
computationally studied by Barrios et al., who sug-
gested that a barrier of 13 kcal/mol would have to be
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