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INTEGRATING SPHERE FOR ABSORPTION MEASUREMENTS
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DIFFERENT MOLECULES
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CONCENTRATION DEPENDENCE
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DYE–DYE INTERACTIONS (IN SOLUTION)
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LIGHT SCATTERING PROBLEM
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Scattering & 
absorption

Incident light 
(random direction)

dipole-dipole and dipole-sphere interactions
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ADDING THE CORE PARTICLE

‣ Sphere-mediated coupling 

‣ Self-reaction (“image” dipole) 

‣ Additional excitation from 
sphere-scattered field 

Technical challenges: 

‣ Slow convergence of series* 

‣ Easier when source along z-axis: 
➥ many rotations! 

* M. Majić, B. Auguié, E. Le Ru • Phys. Rev. E 95, 033307 (2017)



HYBRID COUPLED-DIPOLE – MIE THEORY

‣ Extended coupled-dipole system 

‣ Cross-sections: Mie theory with N+1 sources  

‣ Orientation-averaging (multiple directions)



EFFECT OF METAL CORE – COMPARISON
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POLARISATION EFFECTS • CIRCULAR DICHROISM
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ADSORBED MOLECULES: MANY UNKNOWNS
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‣ "Random" landings? 

‣ Surface diffusion? 

‣ Dimerisation? 

‣ Influence of ions 

‣ Surface orientation 

Modelling + experiments 
might shed some light



PERSPECTIVES

☑E︎ffect of orientation, density, inhomogeneities, dipole image 

☐Comparison with anisotropic shell models  
☐Shell of finite thickness, unusual coverage (e.g. Janus) 

☐Surface dimerisation 

Less likely: 

☒Chemical enhancement, DFT predictions 
☒Super-radiance 
☒Non-spherical particles



ACKNOWLEDGEMENTS

Thank you!



AMN9 conference 
Advanced Materials & Nanotechnology

Wellington, New Zealand 
10–14 February 2019 

“The coolest little capital in the world” 
– Lonely Planet     



SUPPLEMENTARY MATERIAL



BEYOND HOMOGENEOUS ISOTROPIC SHELLS

‣ Position

‣ Orientation

homogeneous exclusion distance random

average flat random flat radial



DIMER
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