
Discover the world at Leiden University

Pentacene layers

Research on organic and biological samples frequenctly involves ex-
posing them to ionizing radiation. Such radiation generates second-
ary electrons with energies of a few electronvolts. These electrons 
are considered to be the main cause of damage to the samples. 
[1,2] Previous work on resists concluded that there was no energy 
threshold for beam exposure to cause changes in the �lms. [3,4] 
Here, we explore beam damage to molecular materials at low elec-
tron energies.

Crystalline pentacene layers are grown on silicon substrates via sub-
limation in-situ in the UHV chamber of a Low Energy Electron Mi-
croscope (LEEM).
Growth of the layers is monitored in real-time with Photoemission 
Electron Microscopy (PEEM).
The molecules adopt a tilted ‘standing-up’ con�guration and form a 
herringbone crystal structure.
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Growth of first (l) and second (r) pentacene 
layers, imaged with PEEM [5]

Orientation of the molecules within the layer [6]

Fading of di�raction pattern
The di�raction pattern gradually disappears upon exposure to the 
electron beam in LEEM.

Figure shows change of line-profile of 
the zeroth order diffraction peak over 
time, upon exposure to 8 eV electrons.
The inset shows the diffraction pat-
tern of the pentacene layer and the lo-
cation of the linecut.

Spot pro�le analysis
Fading of the di�raction pattern was recorded in real-time as the 
pentacene layer was exposed to the electron beam.

Amplitude of the Lorentzians 
�tted to the spot pro�le exhib-
its an exponential decay as the 
dose accumulates. The decay 
rate is an indicator of the rate of 
destruction of the pentacene 
crystal lattice and is energy de-
pendent.

Knowing the beam area and the unit cell area of pentacene, the 
number of molecules exposed to the beam can be calculated.
Then, with the assumption that the amplitude of the Lorentzian �ts 
is proportional to the number of undamaged molecules, and from 
the decay plots like the one above, we can estimate the number of 
damaged molecules for a certain dose as a function of the incident 
electron energy:

For each frame of the recording, 
after removing the background, 
the pro�le of a di�raction spot is 
�tted with a Lorentzian.

Conclusions
• A threshold is observed around 4 eV, below which the rate of damage is negligible. One possible mechanism behind the threshold is the energy 
barrier for scission of the carbon-hydrogen bond, which can trigger various cross-linking mechanisms, thus transforming the crystalline layer into 
a carbon nanomembrane. Also, it’s unlikely that the threshold is related to excitons, given the energy required for their creation is below 2 eV.
• The damage cross-section increases dramatically for electrons with energies between 5 and 12 eV, and continues to increase with a lower rate 
afterwards. 
Note: The energy that the electrons can transfer in interactions with the molecules is their energy w.r.t. the vacuum level, plus workfunction of the 
layer (about 4.6 eV [7]). In the plot above, both energies are indicated.
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The inset is a bright-field image and shows the beam imprint after exposure to incoming beams with 
three different electron energies

Damage to crystalline molecular layers 
caused by low energy electrons

Damage at low energies
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