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COUPLED DIPOLES IN NANO-OPTICS: SELECTED TOPICS

MOLECULES ON COLLOIDS

CHIRAL NANO-STRUCTURE

SHELLS OF INTERACTING DYES

PARTICLE ARRAYS



(RELATED TOPIC) DISCRETE DIPOLE APPROXIMATION

PERSONAL MUSINGS 

• Why does DDA behave so poorly with metals? 

• A link between DDA and the Ewald-Oseen extinction theorem?



COUPLED DIPOLE APPROXIMATION
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2D ARRAYS OF NANORODS 
DIFFRACTIVE COUPLING



DIFFRACTIVE ARRAYS OF NANORODS

Phys Rev Lett 101.14 (2008) • Opt Lett 34.4 (2009) • Phys Rev B 82.15 (2010)
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3D CHIRAL STRUCTURES 
OPTICAL ACTIVITY
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CIRCULAR DICHROISM – FINGERS CROSSED
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FINGERS CROSSED: A CHIRAL PLASMONIC DIMER
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MODIFIED MOLECULAR ABSORBANCE ON METAL COLLOIDS

B. Darby, B. Auguié, M. Meyer, O. Pentoja, E. Le Ru • Nature Photonics 10.1 (2016)



CONCENTRATION DEPENDENCE – SHELL MODELS

continous shell 
(Mie theory)
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EFFECTIVE-MEDIUM SHELL MODEL
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• Concentration dependence: peak splitting, red-shift 

• Cannot capture orientation effects and inhomogeneities



ρdye nm2
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THANK YOU! 

•

ƒ 

• JOBS?

THANKS 

Eric Le Ru & Raman lab  
Bill Barnes 
Luis Liz-Marzán’s group

molecular absorbance 
diffractive 2D arrays 
plasmonic chirality



SUPPLEMENTARY INFORMATION



• 500 million copper needles  

• Nature 192 (1961); Science 134, (1961) 
Adv. Space Res. 35, (2005) … 

• Ignited some debate (astronomers…) 
 
“At various times, apprehension has been 
expressed concerning several possible deleterious 
effects which might result from such a dipole belt”

Project West Ford  
(1961–1963)





MICROSCOPIC VIEWPOINT

homogeneous mediumdiscrete medium
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MATRIX LAYOUT

POLARISABILITY
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FUN WITH CONSTANTS AND PRE-FACTORS



self-reaction

RADIATIVE CORRECTION & SELF-REACTION

• Radiating dipole loses energy 

• Conservation of energy requires 
a correction to the polarisability 

• Introduced via G, or alpha
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MIE SHELL MODEL
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COUPLED-DIPOLE APPROXIMATION
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Plasmonic circular dichroism

chiral cluster
electromagnetic coupling
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HELIX OF NANORODS

ar: 1 ar: 1.1

-6e-04

-3e-04

0e+00

3e-04

6e-04

-0.003

0.000

0.003

400 500 600 700 400 500 600 700
Wavelength /nm

ex
t /

nm
2

Number of
particles

3

4

5

6

7


