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Mie theory
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Shell model: effective medium
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Clausius-Mossotti relation

Bare dye in water

concentration-dependence:
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Geometry

Toy model 
(dye in water)

Ag core 
(dye on particle)

• Orientation with respect to incident field 

• Field enhancement (metal)

vs
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Shell model: results & limitations
• predicts concentration-dependent spectral changes

• physical picture: near-neighbour coupling & enhancement factors 
 
BUT 

• orientation effects unaccounted for

• real coverage is inherently discrete: missing fluctuation effects

• rigorous theory should consider image dipole  

and local field beyond Clausius-Mossotti



Terminology

Discrete-Dipole Approx. Coupled-Dipole Approx.
(and a sphere)



Other plasmonic applications

200nm

200nm



Cross-sections

Linear system

Coupled-dipole equations
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isotropic

uniaxial radial

uniaxial flat−random

flat−isotropic
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Preliminary results 

• Rich behaviour  

• Orientation matters! 

• No direct comparison with 
continuous model?



Linear system (3x3 example)

Including the sphere

i = i + i +
∑

j ̸=i

Gijαj
j +

∑

∀j
Sijαj

j

�

�

�

�
I O O
O I O
O O I

�

� �

�

�
O G12�2 G13�3

G21�1 O G23�3

G31�1 G32�2 O

�

� �

�

�
S11�1 S12�2 S13�3

S21�1 S22�2 S23�3

S31�1 S32�2 S33�3

�

�

�

�

�

�
1

2

3

�

� =

�

�
1

2

3

�

� +

�

�
1

2

3

�

�

Steps: 

• Solve the Mie scattering problem for plane-wave (Esphere) 
• Solve the Mie scattering problem for dipole source (S) 
• Solve system 
• Calculate cross-sections 



Wrap-up

• Semi-quantitative predictions 

• Discrete model will allow study of orientation effects 
 
Bigger picture: 

• Any observed shift/broadening/spectral modification 
unaccounted for will be attributed to: 

✤ "chemical enhancement" 

✤ more generally, physisorption or chemisorption effects


