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This research entitles “Development of surface-enhanced Raman materials
using AgNPs coated on absorbents” to be used for the analysis of low concentration
organic vapors by using an FT-Raman spectrometer. Novel solid-state types of “surface
enhance Raman substrates” were developed by two different techniques. The first
technique was to fabricate the zeolite-based-SERs made of surface-modified synthetic
zeolite powders by incorporating silver nanoparticles via chemical reactions based on
Stober and Tollen methods. The second technique was to fabricate aerogel-based-
SERs by creating a silver micropattern on an aerogel sheet using the lithography
technique. Surface characterization:of the zeolite-based-SERs chips showed that types
of three synthetic zeolite (ZSM-5, Mordenite, and Y-Type) had effects on mean silver
particle size, a number of silver particles per unit area while the distribution of the
silver nanoparticles appeared in chaotically pattern for all three types of synthetic
zeolite. The zeolite-based-SERs were required to remove the oxidation compounds on
the surface before being used by flame reaction resulting in a conversion of the
zeolites crystal structure to amorphous structure specifically at the topmost layer.
Therefore, the zeolite-based-SERs plates were proved to be able to absorb vapor of
2AT above 100 ppm (M/V) solution and enhance the Raman scattering signal. The
Raman signal enhancement factor, when using zeolite-based-SERs to analyze 2AT
vapor with FT-Raman spectrometer, was at 4.40x10". The results were in consistent
with the electric field distribution on the surface of zeolite-based-SERs. Intensity of the
reflected electric field was induced by incident light at a frequency of 281 THz,
resulting in a plasmonic phenomenon on its surface. However, the high distribution of
electric field intensity (15.25-243.90 V/m) was dependent on random arrangement of
the silver nanoparticles on the surface.

For the aerogel-based-SERs, a high-elastic aerogel was synthesized to be used
as the SERs base structure. Alcogel was firstly formulated using the sol-gel technique,
followed by a phase transition of alcogel to aerogel using a drying process with
supercritical fluid carbon dioxide (SCCO,), and then a lithography technique was
applied to generate silver microparticle patterns on a self-synthesized aerogel. The

pattern and arrangement of silver nanoparticles on the aerogel surface were designed




using electric field simulation principles to achieve the enhancement factor enough to
induce surface plasmonic phenomenon. According to the results of electric field
simulations, the designed dimension of the silver particle pattern and arrangement
provided well compatibility with the incident light wavelength of 1064 nm or at a
frequency of 281 THz. Identifiable surface reflectance energy is indicated by S11 factor
with a maximum value of -19.17 dB. and the highest electric field intensity and
enhancement factor (EF) was 313.6 V/m and 7.67x10° when the aerogel-based SERs
was induced by mid-infrared light source.

Precise orderly pattern and arrangement of silver particles on aerogel-based-
SERs, created by UV and X-ray LIGA processes provided a uniformly controlled electric
field distribution on the aerogel-based-SERs surface. The aerogel-based-SERs chip was
able to enhance the Raman signal of 2AT at a low concentration of 500 ppm solution,

with a maximum EF of 1.13x10'®,
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