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Abstract

Porous MgF, films synthesized by the sol-gel method exhibit the lowest refractive index among dielectric optical materials
and are the most useful materials for anti-reflection coatings. On the other hand, surface plasmon resonance (SPR) absorption
of noble metal nanoparticles in various solid matrices has been extensively studied. New functional materials like Surface
Enhanced Raman Scattering (SERS) tips are expected to be developed by synthesizing composite materials between porous
MgkF, films featured by the network of MgF, nanoparticles and noble metal nanoparticles introduced within the network. In
this study, composite materials of MgF, films dispersed with noble metal (Ag, Au) nanoparticles were prepared using the sol-
gel technique at different sintering temperatures. The structure and morphology of the films were analyzed by an X-ray
diffractometer (XRD) and a scanning electron microscope (SEM). The optical properties of fabricated composite films were
characterized by an UV-Vis-NIR spectrophotometer. The Raman scattering spectra were studied to characterize the
enhancement effect of the specimen dropped onto the MgF,: Ag and Au nano-composite films deposited on an Si substrate.
Water solutions of pyridine, benzoic acid and 4-4’ bipyridine were used as specimens for SERS experiments. Enhancement of
the Raman intensity of these specimens was observed and calibration curves for the Raman intensities vs concentrations of the

specimen were obtained. Enhancement of the detection limit down to about 10 uM for pyridine solution was obtained in

MgF,: Ag composite films. The selectivity of the excitation laser wavelength for each SERS tip was also discussed.
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Fig. 1 SEM image of MgF, film deposited by sol-gel method.
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Fig. 2 X-ray diffraction patterns of MgF,: Ag composite
films sintered at the temperatures of 100, 200, and 300°C.
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Fig. 3 X-ray diffraction patterns of MgF,: Au composite
films sintered at the temperature of 300, 400, and 500°C.

Table 1 Average particle size of Ag nanoparticles dispersed
within MgF, films derived by Scherrer’s equation.

Sintering temperature ['C] Average particle size[nm]

100 13
200 39
300 49




PRED—p - ARSI - WA A

Table 2 Average particle size of Au nanoparticles dispersed
within MgF, films derived by Scherrer’s equation.

Sintering temperature [C] Average particle size[nm]
300 39
400 37
500 47
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Fig. 4 SPR absorption spectra of MgF, films dispersed with
Ag (a) and Au (b) sintered at different temperatures.
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Fig. 5 SEM images of MgF, composite films dispersed with
Ag (a), (b) and Au (c) synthesized by sol-gel method.
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Fig. 6 Raman spectra of MgF, composite films dispersed with
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Ag and Au nanoparticles. Raman spectrum of MgF, films
deposited on Si substrate is also shown for reference.
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Fig. 7 Raman spectra of porous MgF, films dispersed with and
without Ag nanoparticles coated with 10™*M of benzoic acid.
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Fig. 8 Calibration curve for benzoic acid solutions using
Raman intensity observed at 1003cm™ for porous MgF, films
dispersed with and without Ag nanoparticles.
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Fig. 9 Calibration curve for benzoic acid solutions using

Raman intensity observed at 1600cm™ for porous MgF, films
dispersed with and without Ag nanoparticles.
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Fig. 10 Raman spectra of porous MgF, films dispersed with
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pyridine.
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Fig. 11 Calibration curve for pyridine solutions using Raman
intensity observed at 1006cm™ for porous MgF, films
dispersed with and without Ag nanoparticles.
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Fig. 12 Calibration curve for benzoic acid solutions using
Raman intensity observed at 1031cm™ for porous MgF, films
dispersed with and without Ag nanoparticles.
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Fig. 13 Raman spectra of porous MgF, films dispersed with
and without Ag nanoparticles coated with 1.1x107 M of 4-4”
bipyridine solutions.
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Fig. 14 Calibration curve for 4-4’ bipyridine solutions using
Raman intensity observed at 1016cm™ for porous MgF, films
dispersed with and without Ag nanoparticles.
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Fig. 15 Calibration curve for4-4’ bipyridine solutions using
Raman intensity observed at 1290cm™ for porous MgF, films
dispersed with and without Ag nanoparticles.
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Fig. 16 Calibration curve for 4-4’ bipyridine solutions using
Raman intensity observed at 1607cm™ for porous MgF, films
dispersed with and without Ag nanoparticles.
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Fig. 17 SERS spectra of pyridine solution coated on MgF,:
Au composite films excited at 532nm and 785nm.
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Fig. 19 Raman spectra of MgF, composite films with Au
and Ag nanoparticles coated with pyridine excited at the laser
power of 56.4mW. Raman spectrum of SERS tip
(HAMAMATSU Photonics model J12853SERS) coated with
pyridine excited at the power of 3.4mW is also shown.
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