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Optical properties of metallic nanoparticles 
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Optical resonances of metallic nanoparticles 
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Au nanoparticle 80 nmR
Mie theory

Spheroids

Optical resonances of metallic nanoparticles 

Size dependence

A. D. Mc Farland et al., Nano Lett. 3 (2003) 1057

Ag nanoparticles
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Optical resonances of metallic nanoparticles 

J.J. Mock et al., J. Chem. Phys., 116 (2002) 6755

Shape dependence

Optical resonances of metallic nanoparticles 

Huang, X, P K Jain, I H El-Sayed, and M A El-Sayed. 
“Plasmonic photothermal therapy (PPTT) us ing gold nanoparticles.” 
Lasers in Medical Science 23 (2008): 217-228.
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Heat generation

G.Baffou, C. Girard and R.Quidant. 
“Mapping Heat Origin in Plasmonic Structures.” 
Physical Review Letters (2010) 136805.

Dulkeith, E. et al. 
“Plasmon emission in photoexcited
gold nanoparticles.”
Physical Review B 70 (2004) 205424.

Perner, M. et al. 
“Observation of Hot-Electron Pressure in the Vibration Dynamics of Metal Nanoparticles.” 
Physical Review Letters 85 (2000): 792-795.

Ultrafast relaxation
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Nanoscale plasmonic heating applications

Nanoscale plasmonic heating applications
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Nanoscale plasmonic heating applications

Manipulating heat at the nanoscale
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80 kW/cm2 ~ 1 mW / 1mm

Why?

-New microscopy techniques reveal
structures and pathways of nano 
(bio)systems with great detail

-Still, full understanding of functions
Require in some cases energetic
information too.

Remotely controlled
nanoscopic heat sources

Thermodynamic experiments at the
nanoscale
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Manipulating heat at the nanoscale
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PhotosynthesisPhotosynthesis Nutrient Nutrient recognition and recognition and uptakeuptake

Ion transport, signalingIon transport, signaling

Membrane processes

Remotely controlled 
nanoscopic sources of heat

Investigation + manipulation
of thermal processes at the nanoscale
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Model system & experiment

hydrophilichydrophilic

lipophiliclipophilic

hydrophilichydrophilic

Phospholipid bilayer

≈ 5nm

Urban et al. Nano Letters 9 (2009) 2903-2908

Heating optically the membrane

At high power densities (>350 kW/cm2) the membrane breaks
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Upon melting, the membrane properties change:

- It becomes more flexible

- Self diffusion of lipids increases (up to 103-fold)

gel phase fluid phase

Tm

Membrane physics: fluid – gel phase transition

Melting temperature dependent 
on phospholipid

Optically induced melting of the membrane

~ 1 minute

The hot particles melt the membrane               the latter relaxes to a sphere

Urban et al. Nano Letters 9 (2009) 2903-2908
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Local nanoscale heating the membrane

The hot particle melts the 
nearby membrane and 

opens its way across the 
rigid gel membrane

Urban et al. Nano Letters 9 (2009) 2903-2908

Nanometric phase transitions

Urban et al. Nano Letters 9 (2009) 2903-2908
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Corralled diffusion of the hot nanoparticle

We can induce and
characterize the
nanoscale phase
transition

Urban et al. Nano Letters 9 (2009) 2903-2908

Guiding the hot nanoparticle

Urban et al. Nano Letters 9 (2009) 2903-2908



11/2/2010

12

Guiding the hot nanoparticle

The hot nanoparticle can be directed to 
specific locations on the membrane

Urban et al. Nano Letters 9 (2009) 2903-2908
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Bendix, Poul M, S Nader S Reihani, and Lene B Oddershede. 
ACS nano 4 (2010) 2256-62.

Direct measurement of the heated region

Nano heat generators on phospholipid membranes

Adapting the heating beam:
specific location + controlled heat deposition

Potential:  membrane physics
trigger protein function
map energetic obstacles for protein diffusion.
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Printing accuracy

There is no fundamental limit!

- Increase solution viscosity

- Tighter focusing

- Microinjection

In addition:

- Orientation control by
polarization


