
lecture 16.12.2010

we had so far:

- cluster physics: cluster production and detection

now:

- more details with respect to production and detection

- mass spectroscopy and cluster mass spectra



ATOMIC CLUSTERS

production and detection



nanofabrication

• big→ small: „top down“

• atoms → nanostructures: „ bottom up“



cooling by adiabatic expansion



Supersonic jet expansion



Laser – matter interaction

105 W/cm2

106-108 W/cm2

over 108 W/cm2

Ekin (Cu+) = 7 eV



Laser vaporization cluster source



the pulsed arc cluster source
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Arc Cluster Ion Source (ACIS) 

Methling et al., EPJD 16, 173 (2001)
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CuN from the ACIS

without mass filter



CuN from the ACIS 

with mass filter

80 V                                        250 V



AgN on Si (111) from the ACIS 

STM image

dcluster = 2 nm



aerodynamic focussing 

Passig et al., Rev. Sci. Instr. 77, 093304 (2006)



Sputtering (Zerstäuben)
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Magnetron sputtering

(Haberland type)

Neutral clusters

Johannes Passig, Christian Schaal

TOF



M. Yamashita and J. B. Fenn, Electrospray ion source. Another variation on the free-jet theme, J. Ph. Chem. 88, 4451 (1984)

J. B. Fenn, et al. Electrospray ionization for mass spectrometry of large Biomolecules. Science. 246, 64 (1989)

S. Brøndsted Nielsen et al., Biomolecular ions in accelerators and storage rings, J. Ph. B: At. Mol. Opt.Phys. 37, R25 (2004)

Electrospray Ion Source



12.12.2010  Prof. Fenn died at the age of 93

Prof. John Fenn, inventor of the electrospray ion source
Nobel price 2002

We learned to make elephants fly

Dr. Fenn personally patented it and then licensed the patent to a company 

he had co-founded. A federal judge ruled in 2005 that Dr. Fenn was guilty of 

“civil theft,” assigned the patent to Yale and ordered Dr. Fenn to pay Yale 

more than $1 million. He appealed the ruling but lost. 



Helium droplet pick-up source

atom pick-up in superfluid and 0.4 K cold helium droplets

Schematics of a Ag147

silver cluster inside a 

Helium droplet with 

106 atoms

low-temperature physics

Binding energy He@HeN = 7 K

1 eV BE > 1000 Atoms

stabilization at 0.375 K



atom pick-up in Helium droplets

oven



exotic systems in and on He droplets

Helium droplet

0.37 K

Diametre

10 nm at 12 K source

100 nm at 8 K source



How to see the clusters -

Components of a mass spectrometer

Ionisation Ion DetectionIon Separation

Ion Source Mass Analyser     Detector

Electron Ionisation (EI)

Chemical Ionisation (CI)

Fast Atom Bombardment (FAB)

Electrospray Ionisation (ESI) 

Laser Vaporization

Matrix-Assisted Laserdesorption

Quadrupole

Magnetic Sector Field

Electric Sector Field

Time-Of-Flight (TOF)

Ion Trap

Electron Multiplier

Multichannel plate 

Faraday Cup 



• elektrische und magnetische Felder:

F=q(E + v x B)

• Trägheit:

F=ma

 a=q/m (E + v x B)

(Ionen mit m/q haben identische Flugbahnen)

Alle Massenspektrometer bestimmen m/q eines Ions.

Warum m/q und nicht m ?



Time-of-flight mass spectrometer
What if the ions are formed in different locations?

Ions leave the source with

energies eEs' dependent

upon their location

How is the effect of an initial

spatial distribution improved?

- thin sample

- detector at D = 2s

- dual-stage extraction to move

the space-focus plane







Time of flight (TOF) mass spectrometry



Time-of flight (TOF) mass spectrometry





Time-of-flight mass spectrometer

here: reflectron-type, own system
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example: mass spectrum of Cyclothiophen



time-of-flight mass spectrum of Pb clusters



time-of-flight mass spectroscopy

negatively charged Al clusters



MgN grown in large

He droplets

note changes in mass scale

Th. Diederich, T. Döppner, Th. Fennel, J. 

Tiggesbäumker und K.-H. Meiwes-Broer

Phys. Rev. A 72:023203, 2005 



Diederich et al. PRL 86, 4807 (2001)

mass spectrum shows quantum effects



detection by microscopy

3 – 10 nm Cobalt particles

7 nm Co clusters


