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Motivation

The Free Electron Laser ‘FELIX’

Experimental setup

Results: CD,;F, methane and N,O
condensed on NaCl(100)

Conclusions

Outlook
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Free Electron Laser for Infrared eXperiments 'FELIX'

A

> spectrometer
magnet

22m
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injector Linac 1 Linac 2 4 i

15-25MeV . 25-45MeV
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1ns ]
03 5 03 5 ps
L F'S 40 ns P

tuning range: 40 - 2000 cm™’
macropulse energy: 20-100 mJ
bandwidth: transform limited




Experimental Setup

UHYV chamber |
substrate: NaCl(100) single crystal, cleaved under nitrogen atmosphere
sample coolable down to 20 K, annealing of the sample up to 700 K

detection of the desorbing species:

- time resolved with a quadrupole mass spectrometer
(analog or single ion detection)

- state resolved with a REMPI scheme and TOF detection

detection and characterization of the adsorbates using FTIR spectroscopy

condensation of the multilayers at low temperatures, no significant
desorption observable

axternal detector
compariment
(evacuated)

dye laser
.. SHG/SFM

avacuated FTIR
spectromater
Bruker IFS B6v
resolution 0,1 cm-1
equipped for FIR,
MIR, NIR

step scan
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TOF spectra of multilayers CD,F/NaCl(100)
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Desorplion signal

Desorption signal

0.5 1.0
Time [ms]

« estimation of the translational temperature of the desorbing
molecules via a Maxwell-Boltzmann distribution

: 2kT
most probable velocity:* V=,|——
m

Translational temperature: 217.4 K

(* after correction for the drift time of ~35 ps)

« calculated desorption temperatures are well above the measured
sample temperature of about 30 K




Determination of translational temperature

2
d
-..-m- _u
[it—rdnﬁ ) }

d' .
£(t)e< ——-e 2kT di
(t - tdriﬁ)
d distance sample-ionizer tin flight time ionizer - SEV

i=2 Maxwell-Boltzmann distribution = u  stream velocity
1=3 flux density distribution

——— CD,F signal

—i=3 T=99.25 u=0
—— =3 T=48.97 u=162.90
——i=2 T=125.78 u=0
e (=2 T=44.09 u=210.32

Desorption signal

Time [ms]

* reasonable fit to the experimental TOF spectra in the first part of
the distribution

* better agreement for flux density distribution

* better agreement with overlapping stream velocity




Desorption signal

Determination of translational temperature
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— CD,F-Signal
——i=3 T=48.97 u=162.90

-~——— difference signal
——i=3 T=14.47 u=0
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* bimodal velocity distribution ?

* two desorption channels ?




Flight time [us]
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Dependence of the flight time on the laser energy

Laser energy [mJ]

Laser energy [mJ]

flight time in the TOF spectra depends weakly on the applied

laser fluence

indication for a resonant heating process ?




Desorption mechanism:

- Dependence of the desorption yield Y on the laser fluence F

Desorption via a direct process

Y «< F"
InY = n-InF+const.

Desorption via resonant heating

Y —_ k'_e_Edes/k'T

kocv, -0
T=T,+AT
AT=c-F
Y =k e Bas [k-{Ty+cF)
1 k :
’=-- To_k ¢ F
InY-Ink” Eg, E 4o
=a+b-F

InY-Ink’




Desorption signal as a function of the laser fluence
Thermal versus direct desorption mechanism
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In integrated desorption signal
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» Indication for a direct desorption mechanism ?

.
.




Iaser-induced desorption of CH, condensed on NaCl(100)

Desorption signal CH,

v, resonance of
methane at 7.7 um
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TOF spectra for multilayers CH,/NaCl(100)
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» flight times of CH, and CD, scale by the squareroot of the mass
=> comparable kinetic energy and desorption mechanism?

* estimation of the translational temperature of the desorbing
molecules via a Maxwell-Boltzmann distribution

: 2kT
most probable velocity:* V= —

Translational temperature:  CH, 96.5K 99.0K*
CD, 97.1 K 99.3 K*

(* after correction for the drift time of 5 us)

» calculated desorption temperatures well above the measured
sample temperature of ~30 K




Dependence of the flight time on the laser energy
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* flight time in the desorption spectra of CH, and CD, is

independent on the applied laser energy

* indication for a direct mechanism ?




Determination of translational temperature
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i=2 Maxwell-Boltzmann distribution ~u  stream velocity
i=3 flux density distribution

3 — CH, signal 3
—i=3T=48.33 y=0 :

—-—— difference signal
e (=3 T=950 U=0

Desorption signal

Time [ms]

* reasonable fit to the experimental TOF spectra using two
functions

* two desorption channels open ?




Desorption signal as a function of the laser fluence
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o Indication for a direct desorption mechanism ?




Transmission

Transmission

FTIR spectra of the isotope mixtures of methane
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* resonant monolayer desorption for CD,F/NaCl(100)
detected with single ion detection
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lon yield: 50
Number of laser pulses: 5

estimated detection efficiency: 10°*

= 1*10™ % of the monolayer

Desorption signai

Time [ms]

e continuation of the studies on multilayer systems

* experiments on monolayers, isotopic mixtures and
coadsorbates

e desorption after resonant excitation of external modes of the
molecule to the surface

e two color experiments with ultrashort IR laser pulses
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