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High energy Ionization - breaks the strands in molecules
a) particle: electrons, neutrons, protons..
b) electromagnetic radiation: X and y radiation

Radiation damage - effects in living tisue which are product of high energy
ionization (breaks the strands in biomolecule; SSB, DSB).

Direct damage of biomolecules — high energy particle produces great nuber of
secondary low energy electrons.

The high-energy particle produces excited molecules, radicals, cations, anions
and secondary electrons (SE) < 30 eV

Large number of SE ~ 10°/MeV carry most of the deposited energy
Secondary low energy electrons (3-20 eV) damage DNA
(Boudaiffa et al, Science 287 , 2000)
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Why aneasthetics

Fluorinated compounds are of particular interest due a wide
range of applications from medicine to modern technology
materials.

Impact on the environment has motivated further research
Most of the inhaled aneaesthetics are eliminated from the
patient’s body without being metabolized, so they are released
into the lower atmosphere

Its tropospheric lifetime is calculated to be 7 years (Langbein et
al. 1999), long enough to reach the stratosphere in considerable
quantities. There, halothane can damage the ozone layer, since its
ozone depletion potential (ODP) 1s 1,56 (Langbein et al. 1999),
highest among all aneaesthetics.

Halothane 1s known to have a high global warming potential






Methane (CH,) is the simplest hydrocarbon molecule and has attracted
significant interest as a target for energy electron collision studies.

Major component of the atmosphere of the outer planets (Jupiter, Saturn,
Uranus, Neptune) and their satellites

Present in plasma technologies, e.g. plasma synthesis of diamonds

Methane 1s one of the most prevalent long-lived greenhouse gases (together
with carbon dioxide and nitrous oxide).

It has many technological and atmospheric applications as well as a
fundamental importance as one of the testing grounds for the collision
theories.

Because the abundance of this strong greenhouse gas 1s growing, it is
important to understand its interaction mechanism with other molecules,
atoms and particles, including electrons.



Theory



Electron-atom interaction can be approximated with optic potential:

Vopt (N =V (N) + V. (r) +V, (r) +1V_(r)
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* Independent Atom Model — IAM
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*  Screen Corrected Additivity Rule (SCAR): o™ = Z S0
*  SCARN: reduces contribution of interering terms on simall scattering angle

* SCARND: calculate cross sections for rotational excitations, important for molecules
with high dipol moment

* Calculations for Ar have been done using Mot’s cross section for electron atom
. do
scattering -o- U] 2+ |g0)|?
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Experiment



Apparatus UGRA —experimental set up

@ Angular resolution *1,5°
@ Energy resolution 0.5 eV

@ Basic pressure 5x10-7
mbar
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Relative differential cross sections — in function of scattering

angle

Relative differential cross sections — in function of incident
electron energy

Absolute differential cross sections-Relative flow method
Spectra of kinetic energy distribution of positive ions

Electron energy loss spectra
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Fig. The angle dependent DCSs for elastic electron-argon scattering at 40 eV (a) and 50 eV (b):

present, o; Panajotovié et al 1997, 0; Cvejanovic and Crowe 1997, V; Srivastava et al 1981, V ;

Vuskovi¢ and Kurepa 1976, *; Williams and Willis 1975, ; Sienkiewicz et al 2000, —; Fon et
al 1983, ——.
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Relative DCSs in the function of
incident energy

DCS, (6) =

I4(E,)
NCEV o(Ey)
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- In the relative flow method, the DCSs
for scattering of unknown gas is
determined by comparing scattering
signals from the standard target with its
known differential cross sections, at a
given incident electron energy and
scattering angle under identical collision
geometry conditions

side leak capillary

diverting valve

‘P ‘r ﬁ regulating valve

- To obtain the same profiles for both gas

beams, the gases must be operated at
pressures behind the needle so that their

®
—Dé I?a— mean free paths are the same.
X

baratron

NxFref |Mref
NreflFx Mx

DCSx(E,8)= DCSref (E, 9)

I PV, = nkT,
sample container referent gas (Ar,Kr) dP > kTO dn re
dt v, dt
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Isoflurane F O

Isoflurane (2-chloro-2-(difluoromethoxy)-1,1,1-trifluoroethane, CF,CHCI-O-CHF,) has been
widely used as an inhalational anesthetic.

Non-flammable halogenated ether, a clear, colorless liquid with a mild odor. It has a molecular
weight of 184.49 g/mol, a boiling point of 48.5 °C, a vapor pressure of 330 mmHg, and an
estimated dipole moment of 2.47 D

Because of its connection to climate change, isoflurane has lately caught the scientific
community's attention.

It has been shown that the vast majority of anesthetics administered do not undergo
metabolization and are consequently discharged unaltered from the patient's body into the lower
atmosphere

The reactivity of the anesthetic compounds with OH radicals determines their fate in the
atmosphere, and their atmospheric lifetime can be estimated by measuring the rate coefficient for
this reaction.

atmospheric lifetime of isoflurane is calculated to be between 2 and 5.9 years, long enough to
cause some damage

As a halogenated compound, isoflurane has a high global warming potential (GWP). The
isoflurane GWP (for a 100-year time horizon), relative to CO2, was reported by Brown , the
WMO , Andersen et al., Langbein et al. and Ryan and Nielsen to be 328, 470, 510, 545, and 571.
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We studied DEA to gas phase target by means of a crossed electron-molecular beam technique.

The measurements of the yield of negative fragments at defined electron energies were measured
(mass scans) and the intensity of the generated anions were measured as a function of incident
electron energy.

We have measured halogenated aneasthetic isofluran (C;H,CIF.O) which showed a rich
fragmentation.

Dissociative electron attachment processes were investigated utilizing the crossed beam apparatus
settled at University of Natural Science and Humanities in Siedlce, Poland.

Incident electron beam orthogonally intersects with molecular beam resulting in the formation of
fragmentanions.. The calibration of the energy scale is achieved by measuring SFsignal, with
intense resonance near 0 V. Base pressure was in the range of ~10®mbars.

We assume that lower energy peaks are overlapping resonances in the energy range around 0-
11eV which arise from DEA processes and above 15eV constant increase of the yield is due do
dipolar dissociation.
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lifetime of halothane is about 7 years. This means that emitted halothane gas can reach the
stratosphere in a considerable amount (more exactly 13,2 % according to Langbein et al. ). The
ozone depletion potential (ODP) of halothane is estimated 1.56, relative to one of CFC-11
(freon-11), and is the highest among all anesthetics. This high ODP is due to its bromine content.

All of the above indicates that the influence of the halothane on global warming and ozone
destruction should not be ignored. Therefore, the significance of researching the electron
interactions with the mentioned molecule is clear.
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Methane (CH,) is the simplest hydrocarbon molecule and has attracted
significant interest as a target for energy electron collision studies.

Major component of the atmosphere of the outer planets (Jupiter, Saturn,
Uranus, Neptune) and their satellites

Present in plasma technologies, e.g. plasma synthesis of diamonds

Methane 1s one of the most prevalent long-lived greenhouse gases (together
with carbon dioxide and nitrous oxide). Greenhouse effect caused by
methane 1s 8 times higher than of CO,. Emmision of methane in atmosphere
is about 40% natural and 60% antropogenic causes.

It has many technological and atmospheric applications as well as a
fundamental importance as one of the testing grounds for the collision
theories.

Because methane grow rate 1s increased in past decades it become again
important to investigate this gas and it is important to understand its
interaction mechanism with other molecules, atoms and particles, including
electrons.



List of experimental and theoretical work on DCS for
elastic scattering of electrons from methane molecule,
covering energy range from 50 to 300 eV.

Authors

Experiment type with normalization method/
theoretical approach

Energy range (eV)

Angular range (°)

Boesten and Tanaka [11]

Vuskovi¢ and Trajmar [12]

Cho et al. [15]

Sakae et al. [16]

Igaetal. [17]

Jain [18]
D. Mahato et al. [18a]

Song et al. [19]

Crossed beams, simultaneous measurements of DCS of He

Crossed beams, normalized to other authors results

Crossed beams, relative flow (He)/ Schwinger variational
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method

Spherical optical complex potential model
Gaussian wave functions
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Measurements are done by cross beam method, on the
electron spectrometer UGRA, for incident energies from 50-

300eV.

Absolute differential cross sections for Ar, biomocules,
anaesthetic and methane are shown

Calculations are in good agreement with experiment on the
absolute scale.

This results contribute to fundamental understanding of
electron-molecule (in the gas phase) interactions in the
middle energy range.
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