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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
Studies on Improvement of a Gold-deposited Surface Plasmon Resonance-based

Glass Rod Sensor System and Selectivity Development of the Sensor by Teflon Coating

Name: Masunaga Takuro
This thesis mainly comprises 5 chapters.

Chapter 1 gives the introduction of a surface plasmon resonance (SPR) phenomenon and the principle
of a gold (Au)-deposited SPR-based glass rod sensor. The SPR phenomenon is a resonance between an
evanescent wave of incident light and a surface plasmon wave in a metal film deposited on a prism or a
waveguide. The resonance angle or the wavelength at which the coupling of the incident light and the
surface plasmon waves occurs depends on both the dielectric constant of the deposited metal and the
refractive index of the sample solution. The Au-deposited SPR-based glass rod sensor system has been
used. The light intensity of a light emitting diode (LED) that is transmitted through the sensor is
measured without scanning of either the wavelength or the variation of the angle of incidence of the
light in the system. In the present thesis, the improvement of the sensitivity of the Au-deposited
SPR-based glass rod sensor system is described. The sensor properties are estimated from the response
curves of the sensors calculated using a three-layer Fresnel equation. The coating of the sensor element
with a Teflon AF2400 overlayer gives the high selectivity for small molecules contained in aqueous
solutions.

In Chapter 2, the improvement of the Au-deposited SPR-based glass rod sensor system is described.
The sensor system consists of a LED with a wavelength of 654 nm as the light source and a photo diode
(PD) as the detector and the reference. A high sensitivity and a stable baseline were obtained using the
signal normalization by the reference. Detection limits for an aqueous ethanol solution, a methanol
solution of benzyl alcohol, and an ethanol solution of 2-propanol were 4.8x10° RIU, 4.5x10° RIU, and
5.2x107° RIU, respectively. The sensitivity of the improved sensor system is about 4 times higher than
that of our previous sensor system using a LED, and also it is the same as that of our sensor system
using a laser as the light source. Detection limits for aqueous solutions of NaCl, KCI, and MgCl», CaCl>
were 1.8 x10° RIU, 1.3 x10° RIU, and 6.1 x10® RIU, 8.9x10° RIU, respectively.

In Chapter 3, the response curves of Au-deposited SPR-based glass rod sensors were calculated using
a three-layer Fresnel equation while considering various parameters for the sensor system calculations.
Au films with thicknesses of 30, 45, and 70 nm were deposited on half of the surfaces of the glass rods,
which were 2 mm in diameter, with a deposition length of 100 mm. Sensor elements with Au film
thicknesses of 45 nm on glass rods with diameters of 1 and 4 mm and with deposition lengths of 10, 20,
and 50 mm were also prepared. The sensor system consists of a LED with a wavelength of 654 nm as
the light source with a mini-spectrometer as the detector. The LED intensity distribution, the range of



the angle of incidence of light into the sensor element, and the thickness distributions of the Au films
deposited on the glass rods were considered to be the important parameters for the calculations. The
minimum positions of all the theoretical response curves agreed well with those of the experimental
response curves within the limits of the experimental and theoretical uncertainties. Most of the overall
response characteristics of the theoretical curves agreed well with those of the experimental curves
within the limits of both types of uncertainty. It was found that the thickness distribution of the
deposited Au film in the cross-sectional direction dominates the sensor response and thus is the most
important parameter for calculation of the sensor properties. The agreements between the experimental
and theoretical response curves indicate both the potential and the usefulness of the sensor performance
estimation process based on the three-layer Fresnel equation.

In Chapter 4, a Au-deposited SPR-based glass rod sensor coated with an a-mercaptoethyl-o-methoxy
polyoxyethylene (PEG thiol) layer and a Teflon AF2400 overlayer with high selectivity for small
molecules contained in aqueous solutions was developed. The PEG thiol layer forms a space
(approximately 13 nm wide) for the analytes to accumulate between the Au film (45 nm thick) and the
Teflon layer (approximately 12 um thick). The water and alcohol content in the sample solutions pass
selectively through the porous Teflon overlayer, accumulate in the PEG thiol spacer layer and are then
detected through the SPR phenomenon. Cross-sectional scanning electron microscope imaging of the
sensor was used to measure the thickness of the Teflon overlayer on the Au film. The sensor selectivity
was then evaluated using agqueous solutions of various alcohols. The sensor responds reversibly to the
concentrations of only monohydric alcohols. The response is faster than that of the Teflon
AF1600-coated sensor as a result of the increased permeability and the reduced thickness of the Teflon
AF2400 overlayer. The sensor maintains both its sensitivity and its selectivity for as long as 6 months.
Direct measurement of the ethanol concentrations of aqueous ethanol solutions that were mixed with
interference compounds is possible using this sensor. The ethanol concentrations of various liquors were
measured directly. This sensor is a unique device with functions for both separation and detection of the
analytes.

Chapter 5 is the conclusion. The improved Au-deposited SPR-based glass rod sensor system consists
of a LED with a wavelength of 654 nm as the light source and a photo diode (PD) as the detector and the
reference. The high sensitivity and a stable baseline were obtained using the signal normalization by the
reference. The present sensor system with the detection limit of the order of 10° RIU is simple and well
comparable with a high-performance commercial refractometer.

The response curves of the sensors can be calculated using a three-layer Fresnel equation while
considering various parameters for the sensor system. The thickness distribution of the deposited Au film
in the cross-sectional direction is the most important parameter for calculation of the sensor properties.

The coating of the sensor element with a PEG thiol spacer layer and a Teflon AF2400 overlayer gives
the high selectivity for small molecules contained in aqueous solutions. This sensor allows us to
measure ethanol concentrations directly in agueous ethanol solutions mixed with interference
compounds. The ethanol concentrations of various liquors were measured directly. The sensor is a
unique device with functions for both separation and detection.

The present studies demonstrate the usefulness of this improved Au-deposited SPR-based glass rod
sensor system in science and engineering.



