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Abstract

Porous Silicon as Sensing and Drug Delivery

Application.

Koh, Young-Dae

Advisor : Prof. Sohn, Honglae, Ph.D,
Prof. Cho, Sung-Dong, Ph.D.

Department of Chemistry,

Graduate School of Chosun University

I. Investigation of Optical Properties for Thermal

Oxidized Porous Silicon

Luminescent porous silicon samples were prepared by an electrochemical
etching of n-type silicon (phosphorous doped, <100> orientation) of
resistivity between 1-10 Q/cm. The etching solution was prepared by
adding an equal volume of pure ethanol (Fisher Scientific) to an aqueous
solution of HF (48% by weight; Fisher Scientific). The porous silicon was
illuminated with a 300 W tungsten lamp for the duration of etch. Etching
was carried out as a two—electrode galvanostatic procedure at an anodic
current density of 50 mA/cm” for 15 min. The porosity of the sample was
about 80%. After formation of porous silicon, the samples were thermally
oxidized at 100C, 2007C, 300C, and 400C, respectively. The growth rate

of SiOy layer on porous silicon was investigated using FT-IR instrument.



II. Porous Silicon Chip as a Dual Transducer

Novel porous silicon chip exhibiting dual optical properties, both
Fabry-Perot fringe (optical reflectivity) and photoluminescence had been
developed and used as chemical sensors. Porous silicon samples were
prepared by an electrochemical etch of p-type silicon wafer (boron-doped,
<100> orientation, resistivity 1~10Q). The etching solution was prepared
by adding an equal volume of pure ethanol to an aqueous solution of HF
(48% by weight). The porous silicon was illuminated with a 300 W
tungsten lamp for the duration of etch. Etching was carried out as a
two—electrode galvanostatic procedure at an anodic current. The surface of
porous silicon was characterized by FTIR instrument. The porosity of
samples was about 80%. Three different types of porous silicon, fresh
porous silicon (Si-H terminated), oxidized porous silicon (Si-OH
terminated), and surface-derivatized porous silicon (Si-R terminated) were
prepared by the thermal oxidation and hydrosilylation. Then the samples
were exposed to the vapor of various organics, such as methanol, ethanol,
acetone, hexane, and toluene. Both reflectivity and photoluminescence were
simultaneously measured under the exposure of organic vapors. These
surface-modified samples showed unique responding in both reflectivity
and photoluminescence with various organic vapors. While polar molecules
exhibit greater quenching photoluminescence, molecules having higher

vapor pressure show greater red shift for reflectivity.



M. 1-D Photonic Crystals of DBR PSi/Polystyrene

Composite for Drug Delivery Applications

Free-standing distributed Bragg reflectors (DBR) porous silicon films are
treated with polystyrene to produce flexible, stable composite materials in
which the porous silicon matrix is covered with caffeine—impregnated
polystyrene.

Optical characteristics of DBR PSi/caffeine-impregnated polystyrene
Composite retain their photonic feature for 3 days in pH 7 aqueous buffer
solution. The appearance of caffeine and change of DBR peak were
simultaneously measured by UV-vis spectrometer and Ocean Optics 2000
spectrometer. DBR  PSi/caffeine-impregnated polystyrene composite
releases caffeine 3 days in pH 7 aqueous buffer solution. Free—standing
DBR film exhibits its photonic peak at 520 nm, but the photonic feature
of composite films shifts to red by 35 nm. The intensity of photonic peak
of composite is decreased exponentially as caffeine releases from the
composite films. The blue shift of photonic peak has been also observed
during caffeine release process, which indicates that the refractive index
of composite decreases due to the release of drug from composite. The
release quantity of caffeine exhibits a linear relationship with release time

on log scale.



I. Investigation of Optical Properties for Thermal

Oxidized Porous Silicon
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II. Porous Silicon Chip as a Dual Transducer
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M. 1-D Photonic Crystals of DBR PSi/Polystyrene
Composite for Drug Delivery Applications

1. A
A A2 1950d gl Uhlir 5ol 9& AeE 424 dxdnt
(electropolishing) & 3th7t A=A 34 Aag = (porous silicon,
PSH& =& ZWAS Ze Ay vx 2y aEwo|t. o who]a

239 Azl AgHE ALE AN A7 Wit Hon 475 @

ri

o,

= T
ARG ole st Azwe =Ed BEPAS 2t Ynng A7) 7]F
(pore)e AAs =, AAR A Ao SEI} T slx FaH EHL
F4F A (photoluminescence) ¥ FHHAL (optical reflectivity) &3S Itk
= Aotk /¥ AVE F YwuHoA § w2 2R zHo] %
w ol M8 A7t Fo] TEF AR %I A To] BiEBw HiE
A7bA e oF, Bare] oko] waEEtn Aol FE(n, pol wel Db
e AYZe gedoes o =& gudy ez 3 h4d

o
Aol Aytr dojR= HEAL A E H (reflectance  spectrum)® Fabry-Pérot
fringe pattern ¥ &3 W3 F HAAES Holed A o7 S&Eok
of o]&¥a St} o]y FrkA FTH EAL AAd &
DNAE #AE + A= vo] QLAY oy 7HA] g Ess 94T + 338
A Z ARG Fauchet & microcavity %2 ¥ oligonucleotideol] 4]

Fa3Ad Y=g A= femtomolard] ©XAAE Ztn 9SS Hag v T
[18]

Qs

g = A7 gF= tayA Ag A distributed Bragg reflector (DBR)
g AgEs ol&ste dEdY AREZAY &8 Tteds golRa
steh d7] ghehA Ao R FA4E DBR thEA HElE dES polystyrene
& ol88to] composite BEF O Axste] AT Aoz HEAF o
A ¥4 ¥ DBR PSi/polystyrene composit -‘"’é%% o] &3fo] wE A U Fof
SfrEol A= caffeined] W= wWE AAE #Fe2 AR Wste] disto]
ZAbsk v
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mA-ecm” o] 325 YR A FHFUY. wdz THFE AF AFE
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composite Z &S THES
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Caffeines 3

5
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YA UV-vis spectrometer (Shimazu)E ©]-&3} % t}. caffeined] HEAHE=
caffeine?] HuWl F4 72 274 nmE o] &3lo] FHZ WslE A3
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gy AdgEe ded G424 Aol AHdFE STH T Hd7sksts
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EHS FASE g3 HYgFE Fo2 Aste HkAlE g Eo] R Ee
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(refractive index)9] W3S Zslo] Aud T& dupy wgow WIS
stAl ®oh olg FeA AL 53] AARAL F&Eokel de o] &5
of W Ayt A3y H L Q). fringe pattern< Bragg 2o ¢sle] AT
H EAE ool g3 A 58 950 ofd gFeE FE A ®
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o] #3857 (optical thickness)?} Ly, Lodwl, A wix] 29 (Dm+/)4A =
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< 5 mA/ar (90%)¢ 50 mA/arf (3%)E ZHZE 10, 20, 308 F7]=2 7hsl 5o
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7V & FWHM @2 2= A4 (quantum dots)> 20 nme]ol4 DBR
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Figurel. Reflectivity spectra of DBR PSi and DBR PSi/caffeine

impregnated polystyrene composite.
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DBR PSi/polystyrene composite €& 2] WAL~ E S-S Figurelo] Ao
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DBR PSi¢] ¥ =axt 35 nm 3 ZHow W A=l o= DBR PSi9
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AR7F AFEI composite ZES FHHAE I ¥ ARE 9A LA
DBR PSi 59 @49 A FA444 284 ARE Qo s dHE =
535t7] fste] 7AA A EE T AE Z2avt v @A =3 FES
gHfr3ke] controlled-release drug delivery &-8&°l 9ol %3 A== 74
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Figure2. Decay of the reflective DBR peak intensity on a time scale

Figure 2+ caffeine® ¢35t 9+ DBR PSi/polystyrene composite &
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3420 525 nmE AAHAA ST A A gko] Aol we} DBR PSi WHAL

329 AN7E AgdFHoR Ay =1 o= caffeine®] polymerZHFE A
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Figure 3. Blue shift of wavelength for the reflective DBR peak on a time

scale
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