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Chapter 1. DBR PSi/Polymer Composite Materials for

Photonic Characteristics

Park, Cheol-Young
Advisor : Prof. Sohn, Honglae, Ph.D,
Department of Chemistry,

Graduate School of Chosun University

Abstract

DBR (distributed Bragg reflectors) PSi (porous silicon) composite films displaying unique
optical properties, such as optical reflectivity, transparency, and photoluminescence had
been developed. DBR PSi samples were prepared by electrochemical etch of heavily doped
p " —type silicon wafers (boron doped, polished on the <100> face, resistivity of 0.8-1.2mQ
-cm). Typical etch parameters for DBR PSi structure involved using a periodic square wave
current between 5 mA-cm™? for 80 s and 50 mA-cm™® for 4 s with 30 repeats, respectively.
The thickness of DBR PSi with 30 repeats was about 13 pm. The resulting DBR PSi films
were removed from the silicon substrate by an applying of electropolishing current at 360
mA-cm 2 for 1 min in a solution of 48% aqueous HF and ethanol (3:1 by volume), and then at
20 mA-cm? for 2 min in a solution of 48% aqueous HF and ethanol (1:15 by volume) to
obtain free-standing DBR PSi films.

Free-standing DBR PSi films were treated with PMMA (polymethyl methacrylate) to
produce flexible, stable composite materials in which the PSi matrix was covered with PMMA
containing photoluminescent polysiloles. Optical characteristics of DBR
PSi/polysilole-impregnated PMMA composite materials displayed both photonic reflectivity
and transparency at 613 nm under the tungsten-halogen lamp, as well as their
photoluminescence at 600 nm as an incident light source and 510 nm under 380 nm LED,

simultaneously.



I . Introduction

WA AQso] AMEEE A2 Aol d7]sheA Az
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II. Experimental Section

1. DBR o34 A IY Az

Go AEds zhe po-typed A2 HAA dol¥ (B dopped, <100>, 0.8 T 1.2 mQ -
cm, Siltronix, Inc)& o] g3t AFE &y Fo] Ay A
A7Zh& oA HW DBR v Aeds 4T + vk AAEvE= HF &9 (48% by
weight: ACS reagent, Aldrich Chemicals)¥} =53 o|&& (ACS reagent, Aldrich
Chemicals)& AF83t¢lom HF @ ogh& = 3 11 o Ryu|2 Fu|sisieh Ad7]ghshd A7
& Fhe AFE AREEEo] teflon celltoll M FaEAt EHF AFe F7|4oz Wae
A2 o b3 (porosity) & 44871 S8l 5 mA-cm ol 80%, 50 mA-em” o 4%% W
g2 E#F0] 305 AlgstHrt

source meter (Keithley 2420)&

>

2. Free-standing DBR 34 Ag& &9 A

DBR th&A A& Axdntd4l s st A 7Hoziy AR FAZ
T U AAdukA) B3 DBR vheA AelZe Alxet 2ol teflon celldl A 353l
t}. Potentiostat/Galvanostat 36322 (EG & E Instrument) ©]&3F¢] 360 mA-cm “¢] #
AFE 12 &< 52U ol AFE3 &uj= HF @ olgb& = 3@ 19 o] &uj&
AbESEgTE 28 A ¢ E UhA] HF @ o€ = 11 159 Byn|E Az @ LS AF&sho]
2% & E¥Fdth DBR v AEE 7)as Ao ® o}

8
ERHA FEF dees ST Ay J|de2RE DBR thE
=l

3. PTPS(polytetraphenylsilole) &4

B Ao A o] &3 4 7]%S standard vacuum line Schlenk techniques AF&-38S] o
BE Az digh e of=2 A E7]A AdsHn. Add AFEd AlekE,
‘: O

diphenylacetylene, lithium, silicontetrachloride, phenylmethyldichlorosilane, sodium
Aldrich®t  Fisheroll 4 F<ste]  Algadon  Srje o2 7l BE97|0A



sodium/benzophenone®} 7 24A17F o] #F A7l & F4o] THFS diethyl ether,

[e]

hexane, toluene 55 AH&-3t%th Polytetraphenylsilole (PTPS; yield = 40 %, Mw = 5500)
o] AL Scheme 19149 7o) 7]&o] Ry =8 we} A5

|
) g
(1) 2Li, THF _ S
(2) MeOH
Meo/ \)hOMe

PTPS

Ph,

Scheme 1. Synthesis of PTPS
4. DBR 34 A#Z/PMMA composite 2 &9 A%

Fetd ARE AYA GE F93 uEaZ PMMA (Aldrich, Mw = 120,000) 7.4 g3} 2
Aol @4dE PTPS 103 mgS toluene 20 mLol|l Yol antajFur A3 a7}
PMMASH PTPS7F =okgls &9olM 5 mLE Fste] AAdntadSs S3ate Az9 DBR
e A 25 Z"Ek oF 301 AeddA 1xAA PTPSE st & DBR

5. 355747 A% A8 &5

DBR tha4 A8 Z/PMMA composite Z& 0 2R §hAly = 384 dxpAdEZ S 1S-]
(F2el-g2 AW )3 optical microscope’t F&E CCD  (charge coupled device)
Spectrometer(Ocean Optics, USB-2000) =& A&, SFA~FEHL [S-450 (380 nm
LED)#} optical microscope’t &2¥ CCD Spectrometer(Ocean Optics, USB-2000) = =4
At FHAHEHLS [S-1 (Hr"-stzAd=x) 1.5-450 (380 nm LED)¥} optical
microscope’} ¥ CCD spectrometer(Ocean Optics, USB-2000)Z o] &3}o] it} 217t
Houged A ZHY w3 WY yeTxE gelsty] flste]  field

& ARgete] glssith

emission-scanning electron microscope (FE-SEM Hitachi, S-4800)
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M. Results and Discussions
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Figure 2. Optical reflectivity spectrum of fresh DBR PSi and DBR PSi/PTPS
impregnated PMMA composite.
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Chapter 2. Photonic Crystals of Polymer Replicas with Dual

Characteristics

Park, Cheol-Young
Advisor : Prof. Sohn, Honglae, Ph.D,
Department of Chemistry,

Graduate School of Chosun University

Abstract

Synthesis of nanostructured materials has emerged as a useful and versatile technique
to provide the use of encoded materials for chemical and biological sensors, high
throughput screening, and controlled release drug delivery. Since the discovery of porous
silicon(PSi) from silicon wafer, research has been associated with emerging technologies,
such as photonic crystals for opticals for band pass filters and micro chemical reaction
applications in micro chemical and micro fuel cells. DBR(Distributed Bragg reflector) PSi
1s an attractive candidate for building nanostructured composite materials because the
porosity and average pore size can be tuned by adjusting the electrochemical preparation
conditions that allow the construction of photonic crystals.

DBR PSi has been typically prepared by an applying a computer generated
pseudo-square current waveform to the etch cell which results two distinct indices and
exbibits photonic structure of Bragg filters. DBR PSi exhibits unique optical properties.
For many applications, free-standing DBR PSi is limited by its chemical and mechanical
stability. Because these free-standing films are very brittle. The use of flexible DBR
PSi/polymer composite materials eliminates these issues and improves chemical and
mechanical stability. However, these composite materials are not suitable for the
application of biological sensors in vivo due to the presence of silicon metal from the PSi

films. Therefore, biocompatible polymers having a specific optical characteristics would be

_12_



ideal for these applications.

Here, we introduced the fabrication method of photonic polymer replicas having a
negative structure of multilayer PSi. This provides the means for the construction of
complex photonic structures of polymers that are compatible with harsh environments
and improves chemical and mechanical stability. In this report, we describe a method for
the fabrication of photonic polymer replicas containing photoluminescent materials.
Photonic polymer replica with polytetraphenylesilole(PTPS) embedded in polymer matrix

exhibits both sharp reflectivity and photoluminescence.

_13_



I . Introduction
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II. Experimental Section

1. DBR ©&4 4829 Az
DBR &4 A2 &5 ptype AeZ &24 713 (B dopped, <100>, 0.8 ~ 1.2 m
Q-cm, Siltronix, Inc)E Galvanostat (souce meter2420)S o] -§3to] Al RS T
Fo] A7] 34 A4 AS Eho] gAY, A28 2+= Hydro fluoric acid €<} (HF
48% by weight: ACS reagent, Aldrich Chemicals)® &2 (ACS reagent, Aldrich
Chemicals)& AF&StGlom w4k tollghbe = 301 9 F9 vlE 2= Fvlsilt. 73t
ot BAe AR FEE A4 FE9 5 mA-em o 902E 50 mA-cm o 325 &
2l Teflon cellgtoll A Fastadth oA F714 08 Wete AR

& A8 Aot

T} (porosity)

gl

A7)13ketd RS Eslel AW DBR  teAd AEgEe AxdntE: Ea
free-standing & A= AXT 5 vk AAAE A717] 84 A€ DBR the7d
A2l Z& Teflon celldl 324 A17] 31, Potentiostat/Galvanostat 36352 (EG & E Instrument)
of AdZ% ¥ HFEtOH=3:19 F-yH|Z Azxd &vjE o]&sto] 460mAclA 1#30% &<t
A7ghetA o2 AZA Y AAdntAge] £ § ethanolZ A %3 $ HFEtOH=1:159]
Fou 2 Alzd &ulE o] &4 29mAdl 1#30x & thAl d7)set oz A7ZkAlA A

o

z=
22¢ DBR 34 A2 B§L wesah

3. PTPS(polytetraphenylesilole) &4

B Ao o] g3 §47]&2 Schlenk line techiquess AMEdom RE Ao o
AL o2 A shellA AdetTt. g Alge ZE A]eF diphenylacetylene,
lithium, silicon tetrachloride, sodiums-< Aldrich®} Fisherodl A F38te] Znlz2 AFESHA
o} U of 2 7FA B9)7)o A sodium/benzophenonedt Al 2447t o] A F A7l &
9] THF<} diethyl ether, hexane, toluene's < AH&-3FATh PTPS (yield = 40 %, Mw =
5500) §AS aldol ®a ® =i we FEAg"
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: ) (1) 2Li, THF )

(2) MeOH

MeO OM

PTPS
Scheme 1. Synthesis of PTPS.

4. PTPSE 73 3274 ILEA replicad Ax

A Z¥ free-standing DBR t¥A Agl&E 2L 7ul(Thermolyne F6270-26 furnace
equipped with controller) Stell HojA 300ColA 3A17HEeH A ASE Aj7ith AHats
free-standing film¢ FEWHo| EARE F”A7]|7] Y8, Toluene 20 mLel 4 g9
polystyrene (Aldrich, Mw =280,000)2} A&Xe|A s PTPS 10mgs 2 wxtsto] ¢
A3 A AFT wEAW uEA FHS free-standing ZE FW Yol castingdH}.
Casting ¥ &5 95°ColA 208 s A g (annealing) 245 st} 18 & I55 8%
HE & YoM thad Hed F2& A PTPSE &k F24 ILEA replicas:

= A~
s 9

M

5. ZA7) A ¢ dolg A

AZE replicaZ B8 ALY = 384 wiaAHEHS [S-] (Pru-d2 9 2)n 38
microscope’}  F&¥  Spectrometer(Ocean Optics, USB-2000) CCD (charge coupled
device) o 9&l ¥& & Ut Ee A2FEHES MBS FHLE FAlst FAREA I
BhAbE A o] - Soll MAl skl ASITh replica®l #3Ad S4E LS-450 (380 nm LED)
3} optical microscope’t Z2¥ CCD spectrometer(Ocean Optics, USB-2000)2 o] &3}

ZA3sF 22 9]
"léET/\/\

=)

O:
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M. Results and Discussions

Az DBR tt&A A& ¢ 7Hx] 54 Wk walsls 553 34 5
A4S 7F band width7b w-%- @F& ¥hA}L ~HEq] 02 e Figure 1.2 648
nme| WAL ~HEZ S 713 DBR thaAd A2 WAL 313E UER Aot

4000

3500

3000 -

2500 -

2000 -

Reflectivity (A.U.)

1500 -

1000 -

500 /‘”J
0 ! ! ! !

400 500 600 700 800 900 1000

Wavelength (nm)

Figure 1. Optical reflectivity spectrum of fresh DBR PSi.

AZz¥ DBR thdA A& FWHM (8Hx]%  full-width at half-maximum
band width)9] 3t 28 nmeoldth. AXAvtE 8}011 free-standing DBR T4
Al dF ZE7E HS o, 259 vhAF 2HEQ S floly oA SAHE A
3 T3 A HkAlE 7 #EE Y Free-standing DBR th34 A2l 2
25 M3A 7 A, v} v3E by 207 oF 54 nm o] 538l 594 nmeoll A
Uehth 1 oolfE g AdEEe ol A Z(ShelA AkekA B Z(Si0y) o2
v E A g3A deE F9 w4 E(refractive index)e] HA3H7] wjiol HEALY]
A7 gup 2o g W HU 4H3tE free-standing TE ¥ PTPSE 3
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g AEAE casting ¥ Adp, WAL AHEHL Fubd £HO=2 °F 58 nm ©]-5 5}
652 nmoll A WRAbE=SE o] yEbgth T o] f= Hlolle Y]Ee AEATE A
Eo]7bA A composite ZE AA ] FH E(refractive index)©] Z7}sl7] o]t}
A Z¥ composite 5 DBR th&4d A sdt P JHRIE AFE

3l composite LES FEHE I FIH ARE  4x &Z7] dZo

Q =

S xWol] ztstd oA Ay A
o] Foj Ut Atz AAdE S0, T2 HFS 3134

H,O= ¥3at7] wjzol] HF &< st tad deE S5 A7 & 4 Adv. DBR

tsd AgE 245 FEE AAG Ay, vap AHEQS auy F

nm ©°]&3e] 586 nm oA HEALA~HEG o] e Alx

replicav™ T84 Aol 7HA 1 Q= @84 ARE 9= 7HX 3 Yo 1

O]%% DBR t&s4d AT d5c 25H 334 faldyior AAEHHEA AA
HojolR Az o3 =dE (refractive index)2] 7HA wji-o|t} Figure 2.5 %33t

WEA} replica’} A Z2EE 3R Fo] wkAl AdlE o] WalE el Aot}

(i,
o
iin)
ol
=
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i —> — Composite film

[ —%— Polymer replica
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‘Wavelength (nm)

Figure 2. Optical reflectivity spectrum of 586nm DBR-structured plastic replicas.

Figure 3.9l & replica® -8 Vo= 3 W34 ~dEHL LED (380 nm)e o754
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AR 12 replicad) WA Z 7S 17 nmE template¢! DBR thaA4 A9
X Z Zhad R £ band widthE 7FA a2 Itk ol &4 A S $& 7154
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IV.Conclusion
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Chapter 3. Smart Particles for Noble Drug Delivery System

Park, Cheol-Young
Advisor : Prof. Sohn, Honglae, Ph.D,
Department of Chemistry,

Graduate School of Chosun University

Abstract

Optically encoded smart particles were prepared for noble drug delivery materials.
Rugate porous silicon (PSi) was generated by applying a computer-generated
pseudo-sinusoidal current waveform'”. This rugate PSi film was lift off from the Si
substrate and thermally oxidized to convert PSi to porous silicon dioxide (PSD)?. PSD
film was derivatized with camptothecin (CPT)® and fractured by ultrasono-method to
give smart particles”. PSD smart particles exhibited a sharp photonic band gap in the
optical reflectivity spectrum. Optical characteristic of PSD smart particles retained rugate
photonic property in aqueous buffer solution. The release of CPT and change of
reflection wavelength were measured by UV-vis and reflectance spectrometer,
respectively. The intensity of differential peak from the smart particles is increased with
a drug release. The blue shift of reflection peak resulted in the decrease of refractive
index of PSD smart particles during the drug release. The concentration of released drug

exhibited an exponential relationship with a release time and pH.
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II. Experimental Section

1. 338 9399 rugate 34 AFZ9 A
B3k Q7Y F rugate thaA A2V P4 WS 59

p - type?] AEZ 9o
(B dopped, <100>, 0.8 ~ 1.2 mQ-cm, Siltronix, Inc)E WFA=FE o839 Galvanostat

P

(Keithley 2420)& &3to] AFE S8TH A7ty A4344s AA et 43
e ] 7] F(pore) B Zol(depth) & Ze TaA A& sy As 47 §uzs &
AHHF) (48% by weight: Aldrich Chemicals)® o €t2 (Aldrich Chemicals)g 3:19] 4-3]#]

7 Zdate] Algatgon AFE Matlab TRIMS AbEsto] 5714 Apelatale] £3td A
2 current power sourceAH&-3te] FHFTh AFe A7l 53 7 1208 mA-em ol
0.30, 0.33, 0.36, 0.39, 0.42Hz9] &% ARRIFEH S 2000 &< S8FAT o] BE 342
Teflon cellel Al sttt 47F Foll& olghd 3} of2 7k2~E o] &3to] Al Hxa4l

o,

2. 34 AEZ 989 Az
AZH rugate e AYEZS electopolishing(AAHARFAHSY) S E38le] A& 7o
TH 59Uz 2AZE AT A B3 rugate HeA Al 2o Az 2
o] teflon cellol A @3St} Potentiostat/Galvanostat 36322 (EG & E Instrument)2 ©]
43to] 460 mA-cm’e] A AFES 1¥ 30% B9 ST oW AHEE Evj= HF : o
=319 FynE Axd &vjE AbEetlth 28] W & oA HF @ o8& =

159 Foul Az g s ARt 20 mAem®Y A ARE 1 0% T FHFA

3. &4 48Z do|SA =(PSD)Y Az

A7 4e Fo 4L tdd He2e Si-He S A o] #7] Folu 89
ol EobAsta A AEsA ek agEz A Fasta, CPT A¢A717] 93l
A4 AgrsS Bkl I ®we] Si-OH #4715 Zte oA A tol$Atels
(PSD)E W3d A7ty AgE A7]= WHoz 7 (Thermolyne F6270-26  furnace
equipped with controller)AF-&3}4] 300Col A 6417 & &= 2k3} 3191t}
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4. PSD 2§89 fr=A3} ¢ PSD £°tE 4A 9 A%

FeAddARE S&arde FER fE3 0 se gey deEg
& Fiok ddAE 4 CPT0.05 mmol ~95%, Aldrich Chemicals) 13.8 mg 3 Zwj
2 dimethylaminopyridine (DMAP 01 mmol Aldrich Chemicals) 13 mg =
dichloromethane(0tho] S 2 Z W &) 10 ml o xo] A-olA 37k wgk §h&AJZITh §hg-o]

29 5 oee to]|FRR e oflAE £ 7 AHI S of2d AR AXAA Frh
CPTZ %W %% PSD 2585 253 £47]E o]&35to] o 5~108A4E A1719 %

4 S4g AUUA SFEE FEAS © PSD 20E 948 9% 4 9

5. A8 FF
Rugat theA Ae]Z3 PSD ~AvE A RIE dhALEE 338H2] whapasleEd] o [S-]
(Fel-g2 AW 2)7 F3 microscope’t F2¥ Spectrometer(Ocean Optics, USB-2000)
CCD (charge coupled device) o 93] A& F Qth BE AFEHEL JAES 4o =2
FARsto] FARGAS gRARR Aol Fd Sl SMAl dte] A FHE e A2 39
o A9 172 mme HoR 2HAS %= F Utk 2¥9EYES CCD #AVIE SalA
T}

40071200 nm ¢ 949 A

o
BN
o,
of
Ol
2
)
f
of
Ol
7

6. Z3714

FT-IR ~"EZH L diffuse reflectance (Spectra-Tech diffuse reflectance attachment)®2
& ©o]&sto] Nicolet model 5700% ©]& st 54 ottt CPTY WEAE=E UV-vis
spectrometer (UV-2401 PC, Shimazu)& °o]-&3te] At #4d st PSD AvtE
PAAAHEEH CPTY WEAHEY 49 242 CPTY AU F+38< 368 nm=z 1145}k
AN FREe WstE S5t AT
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M. Results and Discussions

AFEZ 2do] 5T A FHe AFE TeFol 2ojd thE rugate o
4 Aeze oS Fn W WAL 2HERS 2Eh oldd W 2MERS

7] 7HA
& Qdth
Y = A-sin (kt) +
AE AZ ke Az, t= A3 Be 38 SYgko] d¢ 01 ~ 10 Q-
e AFE Zk= p-type A dolHE HF ¢ d&-E& XS5 o] &sto] W73}
A AlZg EE Aozl @F vad AdEEe A9+ 7189 27]7F micropores

(diameter, d<2 nm), meso—(d = 2 ~ 50 nm), macro—(d>50 nm)eo]t}. t}&A 2

2 7lEel B, A7), ava ke gwe] A wel A el A7h
H ETE Y AR 293 EEFE AN, &%, 28a A 7e o AFEskE HF
fNe] Fxol wel AAH R p-type thEA A E Ve A EEEY
¥s 583 HF €99 =& #FoA HW F7letA @ EeEY o] g1
A&7k 10-3m Q-cm °Q  p-type THEA A S o g&o] &3tE o= 25% HF
gl A A7t A 7FS A HW 25 7100 nm=7]S ZFE macropores®] TF
T4 Ag o] AAHTHL Herino5ol 9a]A Bugdut o' o] Ao A=
Aakzko]l 08 T 12 mQ-cm 29 FE Zta 53 p i -type A= ¢o]HE o] &3}

A7)8bet 21 7be 39 mesopore?] rugate TFEA A ES s £ AATh
Fo Al71E 53 T 1208 mA-em® ol 0.30, 0.33, 0.36, 0.39, 0.42Hz¢] &4 A}
& 2000% ¢ S FATH AxHE rugate thEA A S AAARAY S

% 1 dE9H=2 Z2AZ2 5 AATh
rugate TF3A AgE 5L o] § 9k WHXE 3kS X3 Qlt)h. Figure 1.014

= Fe 7HA I e 575, 613, 658, 714, 781
el

= 2
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Figure 1. Optical reflectivity spectrum of multiple rugate PSi film.

AZxE rugate e A A5 AAAH & FEdGELAdE &7
M= dA4stE Este] PSDE WA AFJT. PSD Z52 CPT9 scheme 1.
¥ o] PSDe] Si-OH®F CPTe] OH7F ¥4 Whgo= Si-0-C Agol FA=HAU
aL, CPTet Z%te PSD 252 29 £4& &8 vHA= wso £v. 1 3

AL Figure 2.9 #o] 3ttt

LO ?—|O\\l

) [0] N\ Camptothecin(CPT)
. —Si—H— §-0—Si—OH
/ DMAP
o
H*,OH"

In buffer solution

Scheme 1. Schematic process for CPT-derivatized PSD smart particle.
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Electrochemlcal Electrochenucal -
Etchmg Sl substrate P0115hmg .
Free-standing

Fresh PSi Multi-layer PSi film

'hemal Oxidation
a i‘)

al ‘~3 Sonication Surface
oo s Serivatization Gm
8% o @ erivatization

® g
CPT-derivatized PSD _derivati Oxidized
Smart Particles CPT-derivatized PSD film Multi-layer PSD film

Figure 2. Process for fabrication of CPT-derivatized PSD smart particle.

44 = A

FEAste] ¥ FT-IRS &3 zL?lo}MD} Figure 3.914 Ax 273 o34
] FT-IR 2% Itk 2119¢F 914em el A Si-Hel A& WAE53 F3 A5
e 4 Ak ¥ figure 3014 BE thEA Ao Aol s Sld 4 9l
217t 3] A S 300C 9 7hukell A 6413 &<t 7FEEtH Si-Heo| A% AE
ool 2085-2150cm '] ¥ A7} FolEA Hi 0Si-He A= A3 F3 AFo| 7zt
2200-2250 ¥ 877cm 'l A yER}E AL g 5 gk aga Si-0-Sie) WE
1000-1200cm "ol 4 ZakAl vepdth

Absorbance (A.U.)
Absorbance (A U))

4000 3500 3000 2500 2000 1500 1000 SO0 4000 3300 3000 2500 2000 1500 1000 500
Wavenumber (t:m'lj Wavenumber (l:m'l)

Figure 3. Transmission—-mode FT-IR spectra of modified surface p-type PSi.

(a) Fresh PSi sample. (b) Thermal oxidized PSi sample. (c) CPT-derivatized
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PSD sample. (d) CPT-released PSD sample.

H¥Ho] Si-OHZ 7MA]+= PSD " E& scheme 13 #Zo] CPTS A ¥Hks Al7|WH #
Wo] CPTE F=A13 =™, figure 3.o14 C&= X$H 34 A= ¥HS FT-IR
~dAEY 3 #el® Aiolt}y Si-O-CZAFO 2137 %FL 3300cm oA FINFL

1650cm ‘ol A IS Feld = 9o figure 3.914 DE thaA Aol ZA3E o]
= CPT7F 7Fesl W8 & CPTEYolA F3 =7 2o5d5S S0 5 Ak

Figure 4.914= PSD 2vtE 4zpeh A9t o] CPT7F ¢h5-8 99 pHel| we} 7k
& Fo] WEFo A= *2 UV/vis spectroscopy (Amax = 368nm)= 124 7+

o Rl
Z4stgith. 58000 pHuel CPTS W57k ol AL #A8 + 9

o

>
)

2
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Figure 4. Absorbance spectra of released CPT from PSD smart particles.

PSD #wutE fAfel Al WEH ol x| = CPTe WE& %% pHl ©3t=d], pH 9o 7t
W= a pHAON A = 7P =gt AS gl & Ak
Figure 5.9 A& th&4d A2y CPT7F A%$ PSD -~ S| 5} =]
2o Rsts S5t PSD ~ntE Qiab= Astste] o3 s1ed d o] utH S
J
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Figure 5. Optical reflectivity spectra of PSD smart particles.
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Figure 6. Differential signal of CPT-derivatized PSD smart particle between
initiation (left) and 720 min (right)
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A gegd 4 gt T3 UV-Vis spectroscopyol A &9 CPTY &
A& o] tEF 0.1 absdlH], EFEE AR 12x10° MAE

olt}, 18y} A5 ZZ o= ek differential signalol A= CPT7F 7FFE38jukg &
o] EHE 10859 AHoAe BrEE 49x<10° MS & § At} o] AL UV-Vis
T JAell A CPT W& o]
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