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� Simulation, modeling and theoretical investigation of micro- and nano-systems can be made by a variety of methods starting with 
continuum models based on classical physics and ending with atomistic models that require principles of quantum mechanics 

•Many times the response of micro- and nano-particles to electromagnetic 

radiation can be modeled just by resolution of Maxwell or Poisson

equations if the response function of materials is known. 
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2. Heterogeneous systems interacting with 

electromagnetic fields: Calculation methods

Calculation methods for LSPRs

� discrete-dipole approximation (DDA).1

� finite-difference time domain (FDTD).2

� hybridization model (HB).3

� operator method (quasistatic limit)4 related to 
HB5

1 B. T. Draine and P. J. Flatau, J. Opt. Soc. Am. A, 11 
(1994) 1491.

2 C. Oubre and P. Nordlander J. Phys. Chem. B 108
(2004) 17740. 

3 E. Prodan, et al. Science, 302 (2003) 419. 
4 D. R. Fredkin and I. D. Mayergoyz, Phys. Rev. Lett. 

91 (2003) 253902. 
5 T. J. Davis et al. Nanoletters 10 2618 (2010); T 

Sandu et al. Plasmonics 6, 407, (2011)

Calculation methods for dielectric response of living 
cells

� finite difference method (FDM) 1

� finite element method (FEM) 2

� boundary element method (BEM)3

� and boundary integral equation (BIE) 4,5

1 K. Asami, J. Phys. D. 39, 492 (2006), E. Tuncer et al, IEEE Trans. 
Dielectr. Electr. Insul., 9, 809 (2002).

2 E.C. Fear, M.A. Stuchly, IEEE Trans. Biomed. Eng. 45, 1259 (1998).

3 K. Sekine, Bioelectrochemistry 52, 1 (2000).

4 M. Sancho et al., J. Electrostat., 57, 143 (2003).

5. T Sandu et al., Phys. Rev E, 81, 021913 (2010).

In the quasistatic limit both phenomena can be described by the same formalism
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Elementary excitations:

•Plasmons

•Phonons

•Excitons(e-h pairs)

Polaritons: coupled states between elementary excitations and photons.
Plasmon polaritons (visible). 
Phonon polaritons (deep infrared).

3. Polaritons: plasmons, phonons
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4. Localized Surface Plasmon Resonances (LSPRs) 
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•LSPRs for Nanoscale Imaging and Spectroscopy

Scattering-Based Microscopy-Near-field scanning optical microscopy (NSOM/SNOM)

•Spectroscopy Based on Local Field Enhancement

LSPR-enhanced fluorescence, LSPR-enhanced Raman scattering

•LSPRs for Photovoltaics

•LSPRs for Light Emission -OLEDs

5. Application of LSPRs
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5. Application of LSPRs

Hot spots in plasmonic structures Touching dimers
(T. Sandu, Plasmonics,8,391, 2013)
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6. Interaction of living cells with (rf) electromagnetic fields

Advantages: Non-invasive and in situ
characterization of biological samples

Ideal Debye relaxation
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Single cells dielectric spectroscopy
In microfluidic channel

J.Phys. D Appl. Phys. 40, p. 61, 2007

Some measurement setups for 
suspensions  

Measurements: in suspension or single cell

6. Interaction of living cells with (rf) electromagnetic fields
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7. Coupling rf response to optical response

Dielectrophoresis-Enhanced Plasmonic Sensing with Gold Nanohole Arrays
A. Barik et al., Nano Lett. 2014, 14, 2006−2012
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8. Conclusions

� Electromagnetic related phenomena in some heterogeneous systems can 
be unitarily described with the same operator method

� The operator method allows eigenmode decomposition of polarizability
for living cells, semiconductor and metallic NPs.

� Oscillator strengths and relaxation intensities depend  on shape as

� Direct calculation of resonances and field enhancement for localized 
plasmon/phonon polaritons.

� Direct calculation of Debye parameters for living cells. 

/(1/2 )k kp χ−∼
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