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Electronic Transients 

Technological applications  
– Plasm

a-based processing  (m
icroelectronics) 

– Plasm
a-assisted ignition 

– Plasm
a-based pre-treatm

ent of sugarcane biom
ass 

– FEBID
   

Scientific applications  
– Astrophysics and Atm

ospheric Physics (Ionosphere)  
– Pre-Biotic m

olecules  
– R

adiation dam
age to biom

olecules 
– R

adiosensitizers  

Cellulose Chains 
(Biom

ass Pretreatm
ent) 

FEBID
: Focused Electron 

Beam
 Induced D

eposition 
 https://rageshkum

artp.w
ordpress.com

/ 

R
adiation/H

eavy Ion  
D

N
A D

am
age 

 http://quantum
diaries.org/author/

brookhaven/ 



Energy D
eposition: Secondary Electrons 

Proton Track 
 

 Prim
ary Ionization (proton) 

 Secondary Ionization (electron) 
 D

ouglass, Phys. in M
ed. &

 Biol.,  60 3217 (2015) 

Blanco et al., Eur. Phys. J. D
 67, 199 (2013) 



R
adiation / H

eavy Particle D
am

age 

http://w
w

w
.isa.au.dk/netw

orks/eipam
/radam

-research.htm
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Electron-Induced D
am

age: 
Transient Anions 

R
adiation D

am
age: m

ostly indirect (O
H

 radicals, 
electrons, etc.) 

https://clinicalgate.com
/basics-of-radiation-therapy-2/ 



R
adiosensitizers 

W
ilson et al., Sem

in. R
adiat. O

ncol. 16, 2 (2006) 

“R
adiosensitizers 

are 
intended 

to 
enhance tum

or cell killing w
hile having 

m
uch less effect on norm

al tissues” 
 P. W

ardm
an, Chem

ical R
adiosensitizers for 

Use in R
adiotherapy, Clin. O

ncol. 19, 397 
(2007). 

W
ardm

an’s tip for dum
m

ies:  “R
adiotherapy is free-radical therapy”      



P. W
ardm

an, Clin. O
ncol. 19, 397 (2007). 



P. W
ardm

an, Clin. O
ncol. 19, 397 (2007). 

Electron-induced dissociation reactions often produce radicals 
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Breaking Bonds 
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The 
m

olecular 
spring 

constants 
(k

e ) 
depend 

on 
electronic 

properties, 
in 

particular the num
ber of electrons. 
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H
alouracils 

thym
ine 

ribose 

phosphate 

π*:  attachm
ent 

σ
CO * :  cleavage 

5-brom
o-uracil 

Adapted from
 W

ang and Lu, JACS 132, 14710 (2010) 

R
elease of Br – produces reactive uracilyl 

radicals. 
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Transient anion states of 5-Br-Uracil 

Abouaf &
 D

unet, EPJD
 35, 405 (2005). 



N
itroim

idazoles 

Tanzer et al., Angew
. Chem

. 53 12240 (2014)   

e
– (1.5 eV)  

4-N
I 

e
– (1.5 eV)  

1-m
ethyl-4-N

I 
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M
ethylation 

reduces 
the 

π
2 * 

lifetim
es by a factor of 4 (2) in 

4N
I (5N

I) . 

resonance positions (w
idths) in eV  
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dG
M

P
– 

(G
as Phase) 

dG
M

P
– 

(+ 1,000 w
ater m

olecules) 

Electron-induced processes relevant in the gas phase m
ay becom

e irrelevant in w
ater 

m
edium

.  

From
 G

as to Condensed Phase 

D
ipole Bound State 

(longer-range interaction)      
Valence Bound State 

(shorter-range interaction)      
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From
 G

as to Condensed Phase 

R
eaction C

oordinate 

Gibbs Free Energy 
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Free-energy barriers in w
ater      



5-Br-Uracil : (H
2 O

)n       

Postulka et al., JPCB 121 8965 (2017)       

H
igher expansion pressures change cluster 

size, but the Br – signal is hardly affected.  
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M
icro-hydrated 

Uracil: 
transient 

anion states are stabilized. 
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Support 

Th
anks for your attention! 


