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• To investigate the contribution of low-energy 2nd electrons to the 
modifications induced within the supported molecular layer 

• To understand the primary interaction mechanisms of low-energy 
electrons with film of molecular species 

• To control and orientate per electron irradiation the chemistry induced in 
the supported interface and at the substrate surface 
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M** + e-          excitation  

e- + M – Dissociative processes induced by electron impact 

N(*) + N’(*) 

I- + I’+ 
(pre)dissociation 

dipolar dissociation 

E2 E1 0 E (eV) 

(M+ ) * +  e- + e-     ionization 
N + I’+  
dissociative ionization 

(M- ) *   (10-12-10-16 s)    electron attachment 

I- + N dissociative electron attachment (DEA) 

Sub-excitation region 

Electron energy 
tuning for 

targeting specific 
chemical groups 

G.J. Schulz Rev. Modern Phys. 1973      E. Illenberger, in Adv. Series in Phys.Chem10B 2000 
I. Bald Int. J. Mass Spectrom. 2008       
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HREELS 

Au, Pt, Si…

terminal 
function

Au, Pt, Si…

Electron Stimulated 
Desorption (QMS) 
desorbing 
neutral species HREELS 

Au, Pt, Si…

Amiaud Submitted to PCCP 

Experimental procedure - Induced chemistry at RT in UHV 

Supported layer CHARACTERIZATION by vibrational spectrocopy 
    High Resolution Electron Energy Loss Spectroscopy (HREELS) 
    Energy Loss spectra I = IE0(∆E) & Excitation functions I = I∆E(E0) 

Low-energy electron PROCESSING 
Commercial electron gun 
E ~ 0.5-20 eV    Ø ~ 2-7 mm    I ~ 0,02 – 1,60 µA 
D ~ 30-500 e/molecule 
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E loss (meV) 

Assignments: Barnes Surf. Rev. Lett. 1999;  Shen Surf. Sci. 1993; Arnold Langmuir 
2001; Shaporenko J .Phys. Chem. 2004 

TPT – Vibrational excitation 

RT 
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TPT- Selective resonance at 6 eV for ν(CHarom) 
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TPT- Selective resonance at 6 eV for ν(CHarom) 

2 3 4 5 6 7 8 9 10
0

50

100

 Excitation energy (eV)

In
te

ns
ity

 (c
ts/

s)

 

ν(CHarom) at 378 meV 

γ(CHarom) at 94 meV 

δ(CHarom) / γ(CHarom) at 124 meV 

ν(CCarom) at 198 meV, at 182 meV 
δ(CHarom) / ν(C-CH) / γ(CHarom) at 144 meV 

Elastic reflectivity 
Resonance used for 
chemical processing 



COLDBEAMS, Nîmes, October 2012 

0 50 100 150 200 250 300 350 400 450 500
0

200

400

600
0 500 1000 1500 2000 2500 3000 3500 4000

Int
en

sit
y (

cts
/s)

Energy loss (meV)

cm-1

 

378 meV 
ν(CHarom) 367 meV 

ν(sp3-CHx) 

H2O  
pollution 

Before 
After irradiation ~1mC/cm2 

T= 16 K 

TPT – e- induced loss of aromaticity at 6 eV 



COLDBEAMS, Nîmes, October 2012 

340 350 360 370 380 390
50

100

150

200

 

Sc
at

t. 
 e

-  s
ig

na
l (

ct
s.

s-1
)

Energy (meV)

4.5 eV

350 360 370 380 390

8.5 eV6 eV
 

 

Energy (meV)
350 360 370 380 390

 

 

Energy (meV)

TPT - Irradiation energy effect on the induced chemistry 
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~ ionization 

Involved processes and proposed mechanism 
0 E (eV) 1.5 6 9 11 15 20 7 

(D)EA 

Enhanced vibrational excitation 
Aromaticity loss - CHarom sp3-CHx conversion 

Proposed contributing mechanism 
Low-energy electron attachment  formation of an activated site (radical) 
 radical induced loss of aromaticity  cross linking 
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Preliminary results - ESD of neutral fragments (QMS) 

Au, Pt, Si…
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Conclusion & perspectives 

Low-energy (0-20 eV) electron processing of supported thin films 
studied by vibrational spectroscopy (HREELS) & ESD 

 To identify some induced chemical modifications 
 To understand the processes induced by low-energy electrons 
 
Development of irradiation strategies using low-energy electrons as 
processing particles 
 Chemical control achieved through DEA 
 Towards 2D structuring 
     at the micrometer scale using scale using masks, 
     at the nanometer-scale using new low-energy 
     electron beams… 
 

Au, Pt, Si…

terminal 
function

e- (E)

Collaboration with Daniel Comparat’s group (LAC) 
     Monochromatic electron source based on a Cs 2D-Magneto 
          Optical Trap (MOT) 
     cf. Yoann Bruneau ‘s talk and Guyve Khalili ‘s poster 
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Thanks 

Thank you for your attention 

V. Humblot, C.-M. Pradier 
     Laboratoire de réactivité de surface 
    Université Pierre & Marie Curie – CNRS, Paris 

http://www.isa.au.dk/eipam�
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