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Electron Induced Processes

Atmospheric physics and planetary atmospheres




Electron Induced Processes

Astrochemistry: Formation of molecules in Space




Electron Induced Processes

Semiconductor plasmas




Electron Induced Processes

Lighting industry
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Electron Induced Processes

Radiation damage of DNA and cellular material
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Electron Induced Processing

Nanotechnology and surface engineering




Electron Induced Chemistry;
In this presentation | will describe;

A The role oflow energyelectrons in electron
driven chemistry

A Show how such research can be applied to
study fundamental problems in natural and
iIndustrial world



Electron Based research in Europe

In Europe this research has been developed through collaborative
programme Funded by EU

2002Framework V Network EPIC 20022005
Electron and Positron Induced Chemistry

ELEcTRON AND PosITRON INDUCED CHEMISTRY
m EU Network Framework V
2002-2005

EU COST Action P9

ESF Programmelectron Induced Processing at the Molecular Level
(EIPAM) 20042009

EU COST Action CM060ZEIlectron Controlled Chemical Lithography
200811

EU COST Action CM0805%\strochemistry 2009- 2013


http://physics.open.ac.uk/epic/intro.html

Electron Induced Chemistry; Chemical Control at the Molecular Level
How do electrons trigger chemistry ?

=Y

A Exciting

A Dissociatingor

A ionisingmolecules

with subsequent products being reactants In
collisional chemistry



Electron Induced Chemistry; Chemical Control at the Molecular Level

Consider for example simple electron induced dissociation
through an excited molecular electronic state.

e+M- M# - X+R+e (1)

R+AB - AR +B (2)

Example 1
Formation of glycine in the Interstellar medium



Example: Glycine in the ISM ?

A Kuan et al 2003

I The Astrophysical Journal,
593:848 867, 2003

A Searched for interstellar
conformer | glycine
(NH,CH,COOH), the simplest
amino acid, in the hot molecular
cores Sgr B2(NLMH), Orion
KL

A ALMA will search/dectect for
Glycine

Kleinman-Low (KL) Region of the Orion

Nebula
Subaru Telescope, NAOJ



o To o

Vacuum chamber to mimic
empty space:
T P~10%-101 mbar

A Still > a million times higher
than ISM!

Temperature very cold in space

T Continuous flow LHe/LN2
cryostat
A 12K<T<450K

Material to mimic grains
Make ice Samples

Use spectroscopy to see
what you make
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Experimental Procedure

A Ice sample was A Ice thickness &

orepared at 10 K by column densities

depositing binary gas Eetelrominid by Beer
mixtures of ambert Law

methylamine A Column densities of

(CH.NH,: and carbon carbon dioxide and
3 29 ]
dioxide (CQ) onto a methylamine of

. 2.0°0.4310% cn?
cooled silver crystal. and 7.2 0.2 1017 cny2

respectively



5 keV Electron irradiation of methylammine and carbon

dioxide ice makes glycine simple amino acid

Eftects of Irradiation

Figure 4 — 100 rminute after

Figure 3 — Pristine CH;INH, & CO;, P,

tiEhare




Forms of Glycine

« /wittionic gl}-’ﬂlﬂﬁ‘-

“A zwitterion is a O
dipolar ion that is

capable of carrying

both a positive and H3N ~_
negative charge J J CH-
simultaneously”

E.G. NH;*CH,COO- Zwittionic Glycine

C

* Anionic

MNegatively charged,
e.g. NH,CH,COO-




Electron Induced Chemistry (:

The Open University

A Some examples of laboratory study of electron induced synthesis of
molecules under astrochemical conditions.

A Chemical synthesis in 1:1 Mixture of NH  ,:CO, lce with 1 keV
electrons at 30 K
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Fig 5-1: IR spectra of NH,:CO, (1:1), (a) pre-irradiation
(b) post irradiation (58 min). Both spectra at 30 K
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Formation of ammonium carbamate

05t Jan 2006
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Fig. 5-5: IR spectra of NH; :CO, (1:1), (a) post-irradiation (58 min)
and after warm-up (220 - 270 K); and (b) comparing Frasco's actual
1964 experimental spectrum at 248 K
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Electron Induced Chemistry (1

The Open University

A Some examples of laboratory study of electron induced synthesis of
molecules under astrochemical conditions.

A Chemical synthesis inthe Irradiation of 1:1 Mixture of
NH;:CH;OH ice with 1 keV electrons at 20 K
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Fig. 6-2: Formation of new species during the irradiation

of CH,OH with 1 keV e at27 K

05t Jan 2006 Chemistry of Planets



F.
Formation of ethylene glycol in pure methanol ice -
HOH,C-CH,OH

The Open University
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Fig. 6-3: Ethylene glycol was observed after irradiation
of pure CH,OH with 1 keV e at 30 K and then annealing process
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Formation of methyl formate C
CH,OHCO N

The Open University
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Formation of formamide HCONH,
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Fig. F6-16a: Spectrum of formamide formed during annealing to 160 K
of irradiated ice of 1:1 binary mixture of NH,:CH_OH with 1 keV e at 30 K
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Fig. 6-16b: Comparison of infrared spectra of residue with formamide. Both deposits
have been anealed (to 165 K) and recooled to 20 K to produce crystaline structure

(Khanna, Lowenthal et al. 2002)

Column density (molecules/cm?)

1%10"°

110° £

910”

810"
7x10" B

6x10"

510" B

410"
310°
210°

1x10" F

O

—

The Open University

1keVe at 30K ]
NH,CH.OH ————— HCONH,

00 3.0x10" 6.0x10" 9.0x10" 1.2¢10" 1510 1.8x10"° 2.1x10"

Fluence (e'/cm2)

Fig. 6-19: Formation of HCONH, during the irradiation
of 1:1 bianry mixture of NH,:CH OH with 1 keV' at 30K

Chemistry of Planets



Electron Induced Chemistry; Chemical Control at the Molecular Level

These are examples of high energy
el ectrons OBl astin
release of secondary electrons !!

But at low energies electrons can do
surprising things !



Electron Induced Chemistry; Chemical Control at the Molecular Level

At low energies electrons can do surprising things !

A They can 6sticko6 to the molecul e
A Toform anegativeionor &ér esonanced
A But only for a very short period of time (16s)

A Then the electron detaches
A Leaving molecule excited or not (elastic scattering)
A But this process can also lead to the dissociation of the molecule

This Is the process of
Dissociative Electron Attachment(DEA)



Bond Selectivity using Electrons

Process of Dissociative Electron Attachment

Resonant Attachment

LN

Seattered Electron
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Dissociative Attachment
(Negatie fon mass spectomety)

Resonant Seattenng

B cross section internuclear distance
(Eecton Speetrasey)




Electron Induced Chemistry; Chemical Control at the Molecular Level

Dissociative electron attachmeherefore
provides a method fdareaking up molecules
at low energies

Energies lower than the chemical bond energy !!!

Hence electrons can initiate chemistry



Electron Induced Chemistry; Chemical Control at the Molecular Level

Electron Induced chemistry

AEl ectrons used to O6tune

A Through selective bond dissociation
different energy different pathways



Electron Induced Chemistry; Chemical Control at the Molecular Level
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Nucleophilic Displacement (@) Reaction



Trom : % CI / CH,CI
impurity
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NF, / CH,CI Clusters
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A Chemicalsurface transformationssing electron
iInduced reactions/

A DEA produces products that subsequently react on
the surface

A E.g. Irradiate film of NgFandCH,CI
A FormCH,F
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rComplete chemical
Transformation

of thin films

e + C2F4CI2Y C2F4 + ClI2

C2F4 desorbs
So surface

transformation
to 100% CJfilm !

R. Balog and E. lllenberger
Phys. Rev. Letter$1 2132011



Control via e-induced chemistry developing
electron lithography

e - induced Modification
chemistry of materials
1 properties
Cross sections 1
. . - structural
Typical reactions )
and products - €lectrical
- permeability

Reaction sequences - optical




Functionalization of H-diamond

I Q {f N C-Jaggle CH;CN /H -diamond
Cooperation: at35 K, E;=2eV

@ Universitat Bremen R Azria and A.Lafosse
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DEA and biomolecules

A DEA is a universal process

A So DEA will occur in biomolecules
iIncluding those constituents of DNA

A So can DEA induced fragmentation lead to
DNA damage ?



In many molecules DEA leads to H
atom loss

A This is most dominant process in DEA to
organic acids

A E.g. acetic, formic and
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CH,COOH

CH,COOD

'S

% H'/CH ,COOH
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Electron energy (eV)
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Electron energy (eV)

Prabhudesar et al. PRL (2005)




Is this unique for carboxylic
acids?
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H from Amine

CH ,CH ,CH NH




