
Surface Plasmon Polaritons in 
Linear Chains of Metallic 

Nanoparticles

Vadim Markel, Alexander Govyadinov
University of Pennsylvania

Departments of Radiology and Bioengineering
Philadelphia

vmarkel@mail.med.upenn.edu
http://whale.seas.upenn.edu/vmarkel/

1

mailto:vmarkel@mail.med.upenn.edu
http://whale.seas.upenn.edu/vmarkel/


Potential Applications
• SERS
• Biosensors
• Imaging beyond the diffraction limit (near‐field 
tomography)

• Integrated Optoelectronic Elements
• Subwavelength waveguides

• Field Enhancement

• Field Localization

Why Metal Nanoparticles are Useful?
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What is the Role of Nonsphericity?

• Nanoparticle chains have been studied almost 
exclusively for the case of spherical particles

• However, nonsphericity can be expected to 
provide a useful additional pareameter to 
control:
‐ SPP dispersion curves

‐ SPP bandwidth

‐ Propagation distance
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Physical Model
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The Dipole Approximation
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Model for the Polarizability, α
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Dispersion Curves and Group Velocities for Transversely 
Polarized SPPs and Different Aspect Ratios a/b of Spheroids

Prolate spheroids whose axis of 
symmetry is perpendicular to the chain

Oblate spheroids whose axis of 
symmetry is parallel to the chain

Normalized wave number Normalized wave number
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(For the chain parameters see  Slide 9)
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Dispersion Curves and Group Velocities for Longitudinally 
Polarized SPPs and Different Aspect Ratios a/b of Spheroids

Prolate spheroids whose axis of 
symmetry is perpendicular to the chain

Oblate spheroids whose axis of 
symmetry is parallel to the chain

N
or
m
al
iz
ed

 fr
eq

ue
nc
y

N
or
m
al
iz
ed

 g
ro
up

ve
lo
ci
ty

N
or
m
al
iz
ed

 fr
eq

ue
nc
y

N
or
m
al
iz
ed

 g
ro
up

ve
lo
ci
ty

Normalized wave number Normalized wave number

(For the chain parameters see Slide 9)
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Chain Parameters:
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0 0

0

Pulse Parameters Different from the 
          Previous Graph:
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(But  note that special relativity
Is not violated. You can ask me why.)
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PROPAGATION DISTANCES
Frequency Prolate spheroid

chain,  transverse SPP
b/a=0.15
a=40nm, h=25nm

Cylindrical wire
R=25nm

7microns 3microns

15microns 3microns

pγ ω ω

0.1 pω ω=

0.05 pω ω=

Propagation distances in chains and in wires are generally comparable,
but it seems that in the special case of prolate spheroids, the propagation
distance can be increase by a factor of 2 – 5, depending on the working
frequency.  
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