
lecture 5.1.2012

cluster physics, we had so far:

- methods of cluster production

today:

- details with respect to detection

- binding in clusters and their appearances in mass spectra

a) undirected van-der-Waals bonding



ATOMIC CLUSTERS

production and detection



nanofabrication

• big→ small: „top down“

• atoms → nanostructures: „ bottom up“



compilation of cluster sources, see last lecture:

a) aggregation of a gas by supersonic expansion

b) laser vaporization followed by expansion

c) plasma generation by arc discharge

d) sputtering, or magnetron sputtering

e)  electrospray ion source

f)  Helium droplet pick-up 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 

new: imaging 



• electrical and magnetic fields:

F = q(E + v x B) = ma

 a=q/m (E + v x B)

(ions with the same m/q have identical flight paths)

all mass spectrometers determine m/q of an ion

why m/q and not m ?



Time of flight (TOF) mass spectrometry



Time-of flight (TOF) mass spectrometry



effect of an initial spatial distribution 





Time-of-flight mass spectrometer

here: reflectron-type, own system



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



another method to see clusters: microscopy

3 – 10 nm Cobalt particles in the scannig tunneling microscope

7 nm Co clusters



new method: 

imaging of single clusters with XUV or X ray radiation

Mie scatering by nm particles, Th. Möller, TU Berlin

project currently funded by the BMBF, performed at FLASH and LCLS



imaging of single clusters with XUV or X ray radiation

novel technologies: 

1. XUV and X-ray pulses with 1012 photons per pulse or more, within 10 fs

2. fast detector with thousands of pixels (an MCP does not help, why not?)



imaging of single clusters with XUV or X ray radiation

goal: resolving atomic structure with sufficiently high photon energy



binding in clusters and their appearences in mass spectra

a)undirected bonding (Van-der-Waals)

b)ionic

c)covalent

d)metal



Neutral rare-gas clusters

Very weak bonding (van der Waals, or dispersion)

Mostly pair-wise (can be modelled by Lennard-Jones 6-12 potential)

But three-body corrections are non-negligible

Molecular orbital diagram for He dimer
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Need low temperature to be stable 

(dimerization temperature is 11K for He, 281 K for Xe)



charged rare-gas clusters

Molecular orbital diagram for singly charged He dimer
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Quite different electronic structure !

Reduced 

bond length



calculation of the structures

- two-body central forces (which is the main restriction)

- N-particle problem, 3N-6 inner coordinates rN

- conjugated momenta pN

Hamilton function

H(pN,rN) = Σi pi
2/2m + V(rN)

with rN vectors in the N-dimensional configuration

space 



V d W: Lennard Jones Clusters

Sir John Lennard Jones



Section of a potential energy surface

Transition

State



Hoare

Example: stable and metastable configurations



local energy minima



movie: how to find the ground state configuration by

molecular dynamics simulations

Thomas Fennel



Mackay icosahedra
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geometric shell structure of rare gas clusters
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