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o ° Interactions of electrons with molecules of
biological relevance:

- Dissociative Electron Attachment (DEA) to nucleobases:
site selectivity for hydrogen ablation (isolated in the
gas phase, and -recently- in a cold helium matrix)

- DEA to nitroaromatic compounds: site selectivity for
NO,- ablation

- Dissociative Electron Impact Ionization: appearance
energy measurements for nucleobases, comparison of
the absolute cross section for positive and negative ion

- formation.



Tonizing radiation produces a
variety of damage:

= ; mutagenic

, ’ recombinogenic

"L and other lethal DNA lesion,

but radiotherapy benefits from the lethal properties of radiations to treat cancer.

9
» Understanding the mechanisms of radiation action on tissue is crucial !,,,
for improving radiotherapy and estimating radiation risk.
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A large number of secondary electrons with kinetic
energies below about 20 eV are produced along the <
ugar-

radiation track. SHeEphaEte
. . . backbone A T
Electrons are efficient at transfering energy, i.e. c s 7/

i

e + DNA/RNA —> DNA/RNA+ + Ze ' Bases
e + DNA/RNA — DNA/RNA™ + e
e + DNA/RNA — DNA/RNA-

need to be considered.
Hydrogen

bonds
between
bases

Single and double strand breaks may be
induced by secondary species |
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Inisraciion of low eneray elecirons

Formation of negative ions: Electron attachment
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G2MP2 electron affinities of the 4

isomers of the "'Thymine minus’ radical
(positive values mean: formation of anion is exothermic)

binding energies of
5.79 eV C-H and N-H bonds

4.47 eV
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Pairtially deuterated thymine
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lon signal (a.u.)
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Wibrational structures
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N1N3 C6 CH,

Electron energy (eV)

& All anions have 4 common

resonances that have the
same position and width

The resonance at 5.5 eV
leads exclusively to H
loss from the N1 position

The 6.8 eV resonance
leads to loss from N3

& At 8.5 and 10 eV H loss

from C positions whereas
CH; groups contribute
mainly to the 10 eV peak.

S. Ptasinska et al. Phys. Rev. Lett. 95 (2005) 093201



Thyrmine picteup by iHe

- Interactions of electrons with molecules of
biological relevance:

(isolated in the

gas phase, and -recently- in a )
- DEA to nitroaromatic compounds: site selectivity for
NO,- ablation

- Dissociative Electron Impact Ionization: appearance
energy measurements for nucleobases, comparison of
the absolute cross section for positive and negative ion
formation.
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Inymine piceup by s,
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Electron transfer reaction

e+ T o (T)* = H-+ (T-H)

H- + (T-H)" = (T-H)- + H'
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DA o niiroaromaiie compounds

- Interactions of electrons with molecules of
biological relevance:

- Dissociative Electron Attachment (DEA) to nucleobases:
site selectivity for hydrogen ablation (isolated in the
gas phase, and -recently- in a cold helium matrix)

- Dissociative Electron Impact Ionization: appearance
energy measurements for nucleobases, comparison of
the absolute cross section for positive and negative ion
formation.



DA o nitroaromaiic compounds

2-Nitrotoluene
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Nitrotoluenes
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Di- and Trinitrotoluenes Mageties don formation

TNT + e — TNT- TNT + e — (TNT-OH) + OH"

molecular anion
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Today's challenge is early

INT detection of explosives!
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» With the nitro dioxide (m/z 46) anion
various hitroaromatic compounds can be identified!
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- Interactions of electrons with molecules of
biological relevance:

- Dissociative Electron Attachment (DEA) to nucleobases:
site selectivity for hydrogen ablation (isolated in the gas
phase, and -recently- in a cold helium matrix)

- DEA to nitroaromatic compounds: site selectivity for NO,-
ablation

. appearance
energy measurements for nucleobases, comparison of the
absolute cross section for positive and negative ion
formation.



Dissociative electron impact ionization
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Intensive fragmentation

No simple split into sugar and base
fragment

Sugar: most abundant fragment
formed by removal of an OH radical
Base: grabs H from the sugar



Partial cross sections for positive and negative ion formation
following electron impact ionization of uracil
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Figure 2. Mass spectrum of positive ions formed by 120 ¢V electron impact on uracil. The most M(, 2 4 6 8 10 12 wu
intense peaks correspond tothe parent CgHyN707 ion and two fragment ions C3HaNO* and OCN*. Electron Energy (eV)

Figure 5. Absolute partial cross sections for dissociative clect n
of electron energy. (U-H)~ refers to the CgH3N207 ion.

J. Phys. B: At. Mol. Opt. Phys. 37 (2004) 3013-3020



Absolute partial ionization cross sections for uracil
(and some fragments)

U (C4H4NO;")
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Figure 4. Absolute partial ionization cross sections for the formation of the parent uracil C4H4N,03
ion (squares) and two fragment ions C3HaNO™ (circles) and OCN™ (tnangles) as a function of
clectron energy following electron impact on uracil.

J. Phys. B: At. Mol. Opt. Phys. 37 (2004) 3013-3020
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