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Abstract:  Plasmonic  biochemical  sensors  are  powerful  analytical  tools  for  the
detection and measurement of trace pollutants in air and water. There are published
reports on ultra-sensitive plasmonic sensors capable of detecting single molecule with
marginal  amount of analyte.  Such striking sensitivity  is  due to the confinement of
localized collective electron oscillation at resonance on the nanostructure surface.
The oscillation is very sensitive to local refractive index change due to target-receptor
interaction. Yet, it is impossible to build such plasmonic sensors by simply trial-and-
error. With computational modelling, it is possible to tackle some of the challenges,
i.e.  i)  design  of  nanostructures  to  maximize  optical  response,  ii)  enhancement  of
optical  signal  for  better  detection  sensitivity,  iii)  investigation  of  target-receptor-
surface  interaction  for  novel  plasmonic  supporting  materials.  As  planar  nanoscale
thin-film,  the  first  two  questions  can  be  resolved  by  calculating  the  Fresnel's
equations analytically provided that the appropriate materials’ parameters are known.
For  discrete  nanostructures,  i.e.  nanoislands  and nanospheres,  iterative algorithms
such as finite difference time domain (FDTD) and discrete dipole approximation (DDA)
can be used. The third question requires fundamental exploration of the electronic
structure  of  surface  and  interacting  molecule.  This  is  N-body  problem  involving
multiple valence electrons which can be resolved by density functional theory (DFT), a
computational  quantum  mechanical  modelling  method.  The  talk  will  demonstrate
some examples involving these techniques for label-free plasmonic sensors, 1) surface
plasmon resonance (SPR) with analyte/metal/dielectric nanoscale thin-film structures,



2) a novel gain-assisted surface plasmon-polariton amplifier, 3) a Ni-doped graphene
synthetic  receptor  for  label-free  detection  of  amino  acid,  and  4)  a  biotinylated
functionalization protocol for novel titanium nitride based SPR biosensor.
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