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Abstract

We have compared the negative ion production processes in thymine (T) and 5-bromouracil (BrU) after impact of lov
energy electrons (0-2eV). In agreement with earlier studies we have observed in BrU a long lived parentiican&rU
fragment ions Br and Uyt~ with cross sections in the 1&* cm? range. In contrast with other observations in thymine, the
most intense ions are found to be (T=Hjagment ions and not the parent ion.TFor the fragmentions BrYBrU, Uyl~/BrU
and (T-H) /T the shape of the cross section vs. electron energy reveals a complex nature. Close to zero energy, several pe
separated by a few hundreds of meV appear in these cross sections, instead of only one peak reported in earlier works. |
observations are understood as vibrational structures due to predissociation of rather long lived anion states, possibly dip
bound states, by valend&* resonant states, close to zero energy.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction by the target during a very short time, giving rise to
a transitory negative ion (“resonance”). The decay of
Interaction of ionising radiations with biological this resonance will occur either by rejection of the
material induces, after several cascades, the occur-captured electron, generally leaving the molecule vi-
rence of numerous low energy secondary electrons. brationally excited, or by dissociation of the molecule,
It has been recently demonstrated that these electronsone of the fragment being a thermodynamically stable
(0-20eV) can produce substantial damages to the bi- negative ion.
ological material1,2]. In this energy range, electron Studies of negative ion productions after low en-
collisions with molecules are well known to be respon- ergy electron interaction with DNA bases have already
sible of efficient dissociations, well below the positive been recently publishef3] and references therein). It
ionisation potential, due to the dissociative attachment shows the occurence of numerous anionic fragments
process. In this last process, the electron is capturedor long lived parent ions. Evidence of the existence
of several resonances has also been demonstrated in
_— DNA bases and uracil in a derivated transmission ex-
* Corresponding author. Tel#33-1-6915-7693; . . .
fax: +33-1-6915-7671. periment{4]. In a recent experiment on 5-bromouracil
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very efficient negative ion production at low electron whole electron spectrometer and the time of flight sys-
energy. tem are heated at the same temperature to reduce in-
However, the nature of the most intense ions in sulating deposits which forbid any experiment after 1
thymine (T) is still the object of discussions. Huels or 2 h. In these conditions runs of a few days could be
et al.[3] have observed aTion indicating a long lived performed before a full cleaning of the device.
parent ion. The observation of this long lived parent  The energy scale has been calibrated using"SF
ion, from O up to 15 eV, is really unusual in molecules anions recorded in the same experimental conditions.
of this size. The occurence of a (T-Hjon produced The checking of the transmission of the device in the
by dissociative attachment has also been suggested byery critical 0-0.5 eV range is achieved by comparison
Desfrancois et al[6,7], besides the T dipole bound of the shape of the cross section ofsSFanion in this
produced by Rydberg electron transfer, and could cer- energy range, with the results of Chen and Chantry
tainly be more likely in such a large energy range. [11] at 150°C.
Itis known that 5-bromouracil can act as a radiosen-
sitiser after replacement of thymine in DNA, enhanc-
ing the damage to biological material submitted to 3. Results and discussion
ionising radiationg8,9]. A possible process involves
the formation of the uracil radical after dissociative ~ As mentioned irSection 1 detailed studies on neg-
attachment of BrJ anions formed by capture of ther- ~ ative ions production in these molecules have already
malised electrongl0]. It would therefore be interest-  been performeB,5], and therefore we have focussed
ing to see if the situation concerning the ions produced the present paper only on a few ions (the most intense)
at zero in BrU is the same as in T. found in thymine and bromouracil at low electron en-
In the present work we have studied, in more detail, ergy (0-2eV).
the negative ion production at low electron energy in
these two molecules for comparison, to try to bring 3.1. Bromouracil
some new elements of answer to these questions.
We have revisited in BrU the fragment anions Br
and Uy~ produced by dissociative attachment and the
2. Experimental long lived BrU~ parent ion produced by capture of low
energy electron (Uyl stands for an anion originating
The device used for the present experiment is es- from an uracil radical U).
sentially an electrostatic electron spectrometer using The present work is in general agreement with
hemispherical energy analysers in tandem. The optics Abdoul-Carime et al[5]. Concerning cross sections,
and magnetic shielding have been carefully designed even if we have not performed absolute measure-
to allow both the electron gun and the electron anal- ments, qualitative arguments lead us to confirm the
yser to go down to zero energy, preserving close to exceptionally large cross section reported by these
zero energy, an electron resolution of about 0.05eV authors for Br ions close to zero energy, this cross
FWHM. Mass analysis of the ions is achieved with a section being comparable to &F Cross sections at
time of flight system based on a Mac-Laren geometry. the same energy for Bruand Uyl~, even about one
For studies of negative ions, the incident electron beam order of magnitude smaller, are still very large.
is pulsed to avoid perturbations due to electron collec- The shape of the cross section vs. electron energy
tion on the channel plates. Thymine and bromouracil for BrU~ is displayed orFig. 1 It shows a peak lo-
vapors are produced by heating commercial products cated at 02 + 0.02 eV followed by a smaller peak
(Merck) in a double stage oven around I8 that is around 0.6 eV in good agreement with rg]. The
well below their decomposition temperatyggd. The shift from zero of the main peak, being within the
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Fig. 1. lon yield for BrU/BrU vs. incident electron energy. The peak is observed at 0.02eV followed by a shoulder at 0.05eV
(valuest 0.02 eV) and a smaller wide bump around 0.6 eVeSkand Sk~ yields recorded in the same experimental conditions are used
respectively for energy scale calibration and to check the transmission behaviour of the device between 0 and 1eV.

experimental uncertainties, could possibly not be peak, we have observed three peaks ranging from 0
meaningful. However, the shoulder observed around to about 0.3 eV, located at 0.02, 0.09 and 0.28 eV (all
0.05 eV, appearing in all the recordings is believed to valuest 0.02 eV).
be significant. The process around 1.45eV is understood as dis-
In contrast with ref[5], we have not found any par-  sociative attachment throughl&* resonance, similar
ticular feature at 1.3 eV. However, it should be noted to the one reported at 1.58 eV by Aflatooni et [d]}
that this feature, certainly very weak, is not really ob- for uracil. The potential energy surface of the anion
vious on the recording presented by these authors in state reached around 1.5 eV has dissociation exit val-
their Fig. 1 leys leading both to Br and Uy~ fragments with
For Br- and Uyl anions Figs. 2 and } if our different cross sections.
results present some general analogy with the results The processes closer to zero are certainly more puz-
of Abdoul-Carime et al[5], significant differences are  zling. Even if the possibility of three resonant states
observed close to zero energy. Concerning the analogy,cannot totally be ruled out, it seems however unlikely
we have also found two different processes, both for in such a small energy range. The close spacings be-
Br~ and Uyl ions, one close to 0eV and the other tween the peaks observed is rather evocative of a vi-
one located around 1.45 eV, slightly weaker for Uyl  brational structure. It is also remarkable that the three
and clearly weaker for Br (factor 20) than the main  peaks observed in both Brand Uyl~ are located at
peak. However, close to zero, instead of one single the same energies. This suggest a structure due either
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Fig. 2. lon yield vs. incident electron energy for BBrU. The peaks are located at 0.02, 0.09 and 0.28 eV (all vah@82 eV) followed
by a weak bump around 1.45eV. The energy scale is calibrated Rig).irL

to vibrational motions of the neutral ground state, or CIl~ cross section. Obviously, we are not dealing in
to vibrations of a common negative ion state. the present case with decreasing steps but rather with
Structures in negative ion cross sections originating peaks in the cross section. This suggest that the struc-
from the ground neutral state have already been ob- ture observed is related to the vibration of a common
served at low energy in dissociative attachment (DA) negative ion state. This state should have a lifetime
in hydrogen halide§l2—-14] They reveal the compe- long enough to allow some vibration. Several obser-
tition between resonant vibrational excitation and DA vations are in favour of a long lived transitory anion
after the formation of the transitory negative ion. If state close to zero: (i) the presence of the Bnphr-
we consider, for example, the case of G1CI [13], at ent ion in our measurements indicates a lifetime at
threshold around 0.75 eV, the resonant state (HClI zero longer than js; (ii) the appearance of a struc-
can decay either by DA giving Clions or by rejection ture in the derivated transmission spectrum in uracil is
of the electron, leaving the HCI molecule vibrationally interpreted as the evidence of a rather long lived res-
excited. At 0.75 eV the only vibrational exit channels onance[4]; and (iii) the existence of a dipole bound
opened in competition with DA are = 0, 1 or 2. anion state demonstrated in closely related molecules,
When the incident energy increases, new vibrational thymine and uraci[5,6]. In uracil, Desfrancois et al.
exit channels open up, reducing the DA cross section. [7] have proved experimentally, that a valence state an-
Opening of these vibrational levels of the neutral HCI ion is also present close to the dipole bound state. Us-
appear therefore as a series of decreasing steps in théng DFT calculations, they found it having a positive
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Fig. 3. lon yield vs. incident electron energy for UyBrU. Peaks close to zero are at the same positions as for(&reFig. 2), a wider
process is observed at 1.45eV. The energy scale is calibratedrg. it

electron affinity (0.07 eV), and located at an equilib- [3]. The most intense ion is attributed to the par-
rium distance slightly larger than the dipole bound ent ion T~. The cross section is reported to peak at
state. Assuming a similar situation in BrU, we there- 0.18eV and extends above 15eV. The authors inter-
fore propose that the dipole bound state is predissoci- pret this results as an evidence of the direct capture
ated close to zero by B* resonance (a valence anion by T of an electron, leading to a very long lived an-
state), leading both to Bror to Uyl~ ions. As the ion (>10ws). If long lived anions are very common
incident energy is increased above zero, vibrational in polyatomic molecules, it is really unusual to pro-
levels are observable, but with increasing energy the duce them over such a broad energy range. The only
lifetime of the anion is strongly reduced and only a observation of such a behaviour has been reported in
few levels can be observed. fullerenes, which are definitely larger molecules and
Note that similar predissociation processes of rather very peculiar systems (see for exampl&—-19] and
long lived anion states (Feshbach resonances in thatreferences therein). In our observations, the most in-
cases), have already been reported THF around tense peak in T does not appear to be duetaohs

12 eV[15] and in H /H; [16]. but to thymine ions having lost one hydrogen atom
(T-H)~, the process giving rise to these ions being the
3.2. Thymine common DA process.

The shape of the cross section vs. incident energy
In thymine numerous negative ions have been re- for (T-H)~ recorded in the present study is displayed
ported in the 0-20eV energy range by Huels et al. in Fig. 4. It looks quite different from the results
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Fig. 4. lon yield vs. incident electron energy for (T-HJ. Peaks are located at 0.00, 0.20, 0.60, 0.75 and 0.90eV (all val0€R eV)
followed by a wider process around 1.6eV. The energy scale is calibratedrag. if

of Huels et al.[3]. Instead of a wide single peak at the lifetime of this T~ ion is definitely shorter than
0.18eV, in the energy range 0-3eV, the cross sec- 1 s, but long enough to allow vibrational modes-(
tion in our observations appears to peak at 0.90eV 10-13s). The wider peak around 1.6eV is similar to
and other peaks are observed at 0.00, 0.20, 0.60 andhe 1.45 eV process observed for the fragments in BrU.
0.75eV (shoulder) (all values0.02 eV), followed by It is due to DA via the secontl* resonance observed

a large bump around 1.6 eV. The shape of this crossin the transmission experiment at 1.71 Y.

section appears quite unusual but was repeatably ob-

served. Even if the relative intensities of the peaks are

quite different, this cross section, below 1 eV has some 4. Conclusion

similarities with the Br and Uyl™ ions in BrU. Like

in this case, the interpretation could involve a predis-  Formation processes for negative ions in thymine
sociation process in the region 0-0.90 eV. However, it and bromouracil in the energy region 0-2 eV appear
may appear surprising that the long lived ibn allow- more complex than was presented in earlier studies. A
ing vibrational motion up to 0.90 eV be not observed long lived parent anion is present in BrU but notin T
like the BrU~ parent anion. It can simply means that where the most intense ion was found to be (T=H)
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and not T. Several vibrational features are found
in the cross section vs. energy of the fragment ions
Br~/BrU, Uyl~/BrU and (T-H) /T. They are under-
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