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Nanoparticle 
dynamics

Functional nanostructures and photonic excitation
Time scales and dynamics
Example with scattering
XFEL case
Phase 1: High time resolution
Phase 2: Single shot excitation
Phase 3: Single particle excitation
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Functional nanoparticles 

dielectric

metal

organic

~ 1 – 10 nm

Ag   Au  Ag-Au

Bio hybrids: SERS, labels, phototherapy

Ferroelectric hybrids: nanoswitches

Magnetic particles: Mass storage

Nanomotors: Rotaxanes

Nanopatterning
Kimling et al., JPC B (2006)

AP et al., Ultrafast Phen. XVI
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Laser excitation cascade in metal nanoparticles
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Pulsed x-ray scattering                     
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WAXS: powder scattering, liquid scattering (DE/E = 0.3 %) 

SAXS: mesoscopic density changes (DE/E = 1 %) 

Rshell
Rparticle
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melting at 155 J/m2

explosive boiling at 
95 J/m2

ablation from solid 
particle – no 
thermal ablation !

Nonthermal morphology change                     
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AP et al., Nature Phys. (2006)
AP et al., Laser & Phot. Rev. (2009)
Leiderer et al., Appl. Phys. Lett.  (2004)
Boneberg et al., Appl. Phys.A (2007)

Plasmon fields                     

Plasmon near fields
Sub-wavelength localization
Ultrafast forces
Strong enhancement
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Spatial resolution

Single shot 
ensemble

Single shot
Single particle

Multishot
ensemble

10 fs

100 ps

First phase

Goal of XFEL experiment                     

Second
phase

Third phase
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Experiment similar to small molecule setup
Flowing jet

20-150 µm focus, ensemble
refresh after each shot < 50 kHz
possible hydrodynamic instabilities
reference state w/o laser (10 Hz)

Degrees of freedom

time

Laser
fluence

Sample properties
Laser pulse length

Laser requirements
Timing jitter quantified
Excellent focal profile
SHG / OPA (energy uncritical)

First phase high time resolution
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Ideally droplet generator
20 µm focus, ensemble
refresh after each shot < 1 MHz
coherent artifacts of surface ?
reference state w/o laser

Laser requirements
Timing jitter quantified
Excellent focal profile
SHG or Vis uncritical
tailored divergence at droplet

Diagnostics
Laser-x-ray pointing stability
Veto for misalignment

Graceffa et al., APL 2009

Second phase phase single shot probing
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Nested Detector design

pump

probe

Sample
Prep + 
monitoring

Debris
analysis
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pump

probe

Sample
Prep + 
monitoring

Debris
analysis

Nested Detector design
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Droplet generator 
1 µm focus
refresh after each shot < ? frequ.
no reference state

Structures on surface

2-5 µm focus
refresh by sample movement
reference state possible with lower intensity 
fine tuning of laser wavelength
low rep rate

Third phase phase single particle probing –
tailored structures
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Signal to noise expectation

Particle SAXS

Ideal difference

Noise level 
single shot (with matrix)

Single shot scattering at 
1 µm focus can give a
Resolution of 1 nm

AP et al., J. Synchr. Rad. (2007)
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Conclusions

First experiments to go:

nanoparticles in suspension: liquid jet
burst mode < 50 kHz, averaging over several shots; on/off 10 Hz
excellent spatial profile of laser 
nested detector setup requested
helium atmosphere

User provided equipment:
flow cell
diagnostics

Perspectives
Development of true single-shot, single particle experiment
tailored photonic materials


