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Surface-enhanced Raman scattering (SERS) is a powerful and highly selective tool to
chemically identify and determine the structure of materials and molecules, on the basis of
their specific vibrational bonds [1-2]. Strong SERS effects obtained using plasmonic
nanostructures/systems allow the detection of molecules at extremely low, at nM
concentrations.

The experimental part was carried out using cellular dielectric substrates
with a period of 950 nm coated with the silver film and nanostructured
with the silver nanoparticles to enhance the SERS effects.

The problem is that strong SERS occurs only when the distance between the nanostructures
surface and the studied molecule is relatively small ~1-5 nm and it imposes restrictions on
the method since many pathologies, could be diagnosed by the processes taking place in the
submembrane region, and usually the required distance is ~ 10-25 nm. In this work we
demonstrate an opportunity to circumvent these limitations due to the plasmonic
nanostructures with specific cellular geometry.
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Fig.1 AFM data from the dielectric glass substrate before silver coating and nanostructuring
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Geometry of the model and mesh details

Results of numerical simulations

The specific geometry of the surface nanostructures and nanostructuring makes it
possible to obtain considerable electromagnetic field enhancement effects in the near
field, due to the normal components of the dipole moments of the particles located on
the substrate (relative to the substrate, consisting of curved metal cavities). Thus it is
possible to receive a strong signal from the submembrane region of bio-objects.
Figure 2 shows a schematic presentation of a mitochondrion located: (A) on a flat Ag
nanostructured surface with Ag nanoparticles and (B) in a cavity on Ag nanostructured
surface. Results of numerical simulations are presented in Fig. 5C–F. Positions of Ag
nanoparticles with diameters of 40–50 nm placed on the flat Ag surface (XY- plane) are
shown in Fig. 5C. When the nanoparticle structure is irradiated by normally incident
linear-polarized light beam, the electric near field above nanoparticles is very weak (Fig. 5D).
When the same structure is irradiated at 65 degrees by TM-polarized light, the electric
near-field above the nanoparticles increases significantly due to the presence of normal
induced dipole components (Fig. 5E,F). In the plane perpendicular to the substrate surface, the
near-field generated by every dipole looks like the mentioned above electric field needles
(Fig. 5F). A strong contribution to the enhancement of Raman scattering is due to
nanoparticles that are located on side walls of cavities of multiscale AgNSSs (Fig. 4D) which
are illuminated by light of certain polarization with respect to the cavity surfaces. [3]
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Fig.2 Results of numerical simulations
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The
applicability
of
obtained
nanostructures will be investigated using
special microcapsules with a core of
silicon dioxide with the inflicted layer of
Rhodamin 6G (R6G) on top of it and the
next layers of polymer Poly(sodium
4-styrenesulfonate). [4]

R6G was injected as a Raman active label and with
concentration which can not be detected by the
''normal' Raman. The depth of location of the R6G
layer inside the microcapsule was variated by a
number of polymer on top of it. It was demonstrated
the possibility to detect SERS signal from R6G in
microcapsules located in cavities, while the signal
from the RG6 in microcapsules located on a flat
surface is not detected. The R6G was located on the
depth ~10 nm in microcapsules.

Fig.5 Model of the experiment

Fig. 3 Model of obtained nanostructures on the
substrate

Fig.4 Model of the microcapsule with a Raman active label
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The cellular surfaces of the substrates were patterned via the Laser Interference
Lithography [5] and covered by the Ag film (~ 100 nm) using the electron beam
deposition technique.

Fig. 3 SEM image of the substrate coated with silver film
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●

The next step is to apply Ag (~ 60-80 nm) nanospheres and special
microcapsules to the Ag surface of the substrate.

●

We expect to obtain a strong SERS effect from the special
microcapsules due to the numerical simulation data and experimental
theory.

●

Also we planned an experiment with coatings of substrates with other
plasmonic materials, such as gold and aluminum.
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