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ABSTRACT

Chapter 1. Porous Silicon Nanoparticles as a Drug Delivery
System

Kim Se Jeong

Advisor : Prof. Sohn, Honglae, Ph.D,
Department of Chemistry,

Graduate School of Chosun University

Today, Silicon nanoparticles with biocompatibility and biodegradability are
promising candidates for drug DDS (Drug Delivery System). Porous silicon
nanoparticles embedded in a PHEMA (polyhydrohexylmethacrylate) hydrogel
matrix are prepared and used to measure the efficiency for controlled release
drug delivery. Levofloxacin is a quinolone antibiotic medication and covalently
bonded to a surface of porous silicon nanoparticles by condensation. The size of
these particles is about a few decades nanometer. Since Levofloxacin has unique
optical properties such as an electronic absorption and fluorescence, the release of
levofloxacin has measured by fluorescence spectrometer. PL intensity analysis
reveals that the porous silicon nanoparticles embedded in a hydrogel polymer
matrix exhibit a great potential candidate for controlled release. The controlled
drug-release profiles depend on the hydrolysis of Levofloxacin from the surface

of porous silicon nanoparticles.
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2. Experiment

2.1 Materials

N-type &lcl2 OIH (1~10 Q-cm , N-doped, orientation <100>)E AtE
A A2 E0i= absolute Ethanol(Sigma Aldrich) OI0{ aqueous 48% HF
ACS reagent) £ ALEoIRUCEH. A22 Teflon Cel KA XIEHSIAUCEH LEE
FE Ed=J| ol Source meter@! Keithley 24202 AFE3SHH CathodeOll

E == Anodelils Z2F0l5 JIEHS AISoIJL. of0l=22 MAS <ol

o=

— ol

=

i

HEMA (2-Hydroxyethy| methacrylate), EGDMA (Ethylene  Glycol
Dimethacrylate), AIBN (2,2-Azobisisobutyronitrile)= Sigma Aldrich &l Al
Ol FOHGIACH. Cover glasse= (18x18 nm) MARIENFELDOIA =OHEHCH

Photoluminescene (PL)=&E fluorescence spectrophotometer  F-7000
(F-7000FL, HITACHI)Z =XotCt. HU 24 S8 SHoIl Sl
Absolute PL Quantum Yield Spectrometer (C11347-11, HAMAMATSU PHOTONICS
K.K.)E 0136t =HotRUCE. Silicon wafer EEHL Photoluminescene (PL)
=XE Ocean Optics S2000 spectrometer (Ocean Optics, Inc., Dunedin, FL,

US)2 Light-Emitting diode Amax = 400 nmOHIA S&EoIHLCEH.
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2.2 Synthesis

2.2.1 34 &212 HE
N-type (1~10Q-cm, N-doped, orientation<100>) &lg|2 HO0IIHE AI=&

-

Ct. &DI3tstE Al2tol)] <ol Teflon Cel IS &= EAEH I 300W
£ Aol <R0A HIFEC. WS HdUHEISZ AMESHAL. 7=
Keithley 2400 OIE5t{ 2&s dFE =d 2RO, JIIESH A2
X212 300mA/cm*S 200s010f A2 Z00E HF : Ethanol= 1:1 ZOHE AFSol
FALH. A0l 24 = Ethanol 2 38 MIE 5 Ot22 JtAZ HX AT

AltE Al2|E QI0ITHE CHAl HIEE 20 Z&6iE S NaCl 0.1M S 3mL
SO= S source meterE O|2o EAE I 00WE HE §H 2LF-s 8F
150 mA 2 200s SO EHFH &SHAIHAZC.

2.2.3 SiQD-Levo HIZ

Levofloxacin (Sigma Aldrich) 5 mgS =&Z 5 mLOll o8 F &tst=l CF

=4 A2 A0IHI SHU=E HIAHN EHECH (&=, 24A12H) O = 0]
HE 22 (80T, 8AIZH M LUHZECE. FO0IHE Ethanol 4 20 mLOl Ultra
sonicationS 2Al2+ &= F oF FoilAd R&=2lDJl 9600rpm 1022¢
Precipitate 2 OIEt== 20HE S CHAl 1400rpmES 1022t &It o

Ct. O = Ofell JIetRtS supernatantE HMH = precipitate @8 AFZSHLE.

|BH
S

02
ol
A

51

roh

2.2.4 CLtLevo HMIZ
Jl2 2% 2 HEMA (2-Hydroxyethy| methacrylate) 99.2%, JtwH <& Q!
EGOMA (Ethylene Glycol Dimethacrylate) 0.4% =& JHAIMC  AIBN
(Azobisisobutyronitrile) 0.4% 2 Z&EGIH 2.9nL SHES UHSACH. HEMA 1
2 wbtof & F 22N 0.1mL Foff =e=

SO wete=ACH. 1

_,_

mLOl Levofloxacin 1mg €2 C

HEMA EH0 E0 =0t =g EA
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DEst = 100CH A B6AIZE 2=0i

ro
o

=0 Cover glassil < 0.1mL

S otRULt.

x

2.2.5 CL+ SiQD-Levo HI&

Jl2 monomer @I HEMA (2-Hydroxyethy| methacrylate) 99.2%, JtW Ml <& Q!
EGOMA (Ethylene Glycol Dimethacrylate) 0.4% =& JHAIMC  AIBN
(Azobisisobutyronitrile) 0.4% S S&0oI0 %42 ZEE A2 UHLXS
S0E 5 3L SBUS USHFJUL. A 20M 2025 WEHH=JACH. 1

=0 Cover glassOil &% 0.02mL F et = DES = 100CHAM 6AI2F 220

2.4 UV-vis spectroscopy 2t Sil= 3
eHE StoIE22 2 Cover glassOl @& = 100CUHAM 6AIZE LEUHA &
d3E A2ICH. O 0l W-vis spectroscopyE= 0lE3t0 baseline2 Jl=2

Cover glassE S I &S cover glassE MEs = S22 SENEE =

2.5 PL spectroscopy &3
e E St0lE22 2 Cover glassOl D& = 100COHAM 6AIZF LEUHA &

MSHCH, excitation

ol
i

ASIE A2ICH. ZESt cover glassE A& &t
wavelength 2 370nme 2 S ZAHIJIE =HSIS L.
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Oxidation

Catalyst

Figure 2. SiQD-Levo &4 11X

OH

o]

0,
¥ (\x/
\'\) '|:.__ -] ﬁ
i o, . @ : 2 @ in PBS “: drug release e _. &
I;““_O S ‘\.) .. @ polymerization @:)ﬁ .CQ?

Figure 3. SiQD-Levo Hydrogel CL HIZ= W&
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3. Results and Discussion

3.1 FT-IR 24

—— SiQD-Levo
'—:; 1 . 1 . 1 P . 1 L 1
= :
[¢}]
Qo L
c
©
e L ]
E
= | —— siQD-OH ]
c
@
— I I 1 n I I 1
|—

| —— siQD-H i

1 1 |
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 4. FT-IRS S8t Bt &0l

FT-IR =& ZUs Sofl SiQdH, SiQD-0H,SiQD-Levo ZUE
2 0

S
SiQD-HSl Z<2  2200-2100cm™" Sof =QI5I¥ D Si-0HE 3400cm 'S Sl
2

=1
=

e
ol

tACE.

m

(==}
SOIGIRUCH. OtANYez Ael2A UM 422 ZEl SiQd-lLevoll &=

1600cm 'Ol Al &1 5HACE.
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3.2 Photoluminescence properties

Normailized PL Intensity (a.u.)

— S0
—
Si00- Lewo

400 450 500 550 600 650

Wavelength (nm)

700

Figure 5. SiQD, dI2EZZ2AHA!1,SiQD-Levoll PL OdeiZ

="

SiQD, Levofloxacin,SiQD-Levo2l PhotoluminescenceES =& & ZF FOHgz

A0l 608nm, 451nm,

_17_
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3.3 UV-Vis absorption / Hydrogel CL Transmittance properties

]
CL+Levo
CL+5iQDLevo

Absorbance

\

200 300 400 500 600 700 800

Wavelength (nm)
Figure 6. CL, ClLt+Levo, CL4SiQD-Levo UV-Vis e =

CL, CL-Levo, CL#SiQD-Levo2l SZT=E =HoIQLH. S&EZ9 g2
2 LIEHURA LD 220 SiQhel EZ T ¥0F 2EEH XS S&&0
S EOIBHALE.

— 18 —
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T 80| —a
St Cl+Levo
@ CL+5iQ0-Levo
=
= 60
E
z
9 40 H
o
| 5
l—
20

300 400 500 600 700 800
Wavelength (nm)

Figure 7. CL, CL+Levo, CL4SiQDLevo SUE OdciE

CL, ClL-Levo, CL+SiQD-Levoll EINUEE =HoIULCH. =& Z2 22 99.8%,
96.4%, 92%2| SEWMEE LIEHHUCH. CL+SiQD-Levo EUEIF JHE EH SHEU
1 OS2 & Cl-levo, CL =MZ SEERUCH. 1 0ls= SiQDLF LevollA

) =
£0b LOILLY STEIH RO 242 SHOIBH2ICH

Z
H
o
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3.4 Release profile

25

2} —e— Levo CL
=gy SiQD-Levo CL

-
(3}

PL Intensity (a.u)

o
o

0 ! ! ! ! ! !
0 20 40 60 80 100 120

Time (min)
Figure 8. Levo CL, SiQD-Levo CLQl drug release &%

CL, CL-Levo, CL+SiQD-Levo2l drug releaseE =&otQCH. O Z 1 Cl-Levol
4 45320t 63%2 =*=2=2 2U=oIY XS CL+SiQD-Levoll B 5.8%2 &%=

0] ELHASS =0l £ S0l CL-Levo®2LCH CL+SiQD-Levodt Levo
0] &G Qe AI2tS0H YEL= 212 E0I6HALEH.
— 20 —
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4. Conclusion
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ABSTRACT

Chapter 2. One-pot Synthesis of Water-Soluble Silicon
Quantum Dots

Kim Se Jeong

Advisor : Prof. Sohn, Honglae, Ph.D,
Department of Chemistry,

Graduate School of Chosun University

Silicon quantum dots (Si QDs) are promising candidate nano-materials for
biological applications due to biocompatibility and biodegradability. Also, Si QDs
have unique optical properties. New water-soluble silicon quantum dots (Si QDs)
with photoluminescence (PL) in the visible region are simply prepared in one-pot
synthesis at room temperature for biomedical applications. Methoxy-derivatized Si
QDs, Hydroxide-derivatized Si QDs, Ethylene glycol-derivatized Si QDs,
HEA-derivatized Si QDs are water-soluble and their PL characteristics were
investigated by PL spectroscopy. The water-soluble Methoxy-derivatized Si QDs,
Hydroxide-derivatized Si  QDs,  Ethylene  glycol-derivatized Si  QDs,
HEA-derivatized Si QDs emit the PL at 420 nm, 408nm, with a full-width at
half maximum height (FWHM) of 90 nm, 84nm, 95nm, 83nm in Methanol
soultion. Absolute quantum yields were measured in Methanol soultion and were
8.4%, 6.1%, 10.4%, 5%. The integrated PL as a function of time for all
water-soluble Si QDs indicates that the PL of water-soluble Si QDs are oxidized
in a week. As a result, silicon quantum dots hope to contribute to biological

applications.
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1. Introduction
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Olefst H&o2 M 2XES Az 3-55F BIEXR Ael22 0|88 Bt
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1.1.3 Water soluble &¢2|2 2%AE
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2. Experiment

2.1 Materials

a2 LXNES gdotdl o AkE8H Lithium, Naphthalene, Silicon
chloride (9%, Metals basis) 2 Sigma-AldrichOlA OHSHO! ALEGHRULE.
S0E AESH THF (Tetrahydrofuran) & distilled ot01 AtEGIACH. 2I2+
S0l 20121 ?loll DI WaterS AtSotALt. Methyl alcohol2 Sigma-Aldr ih0il
AN FOHSIA 20 Ethylene Glycol 99% 2 2-Hydroxyethyl acrylate & Alfa
Aesar Ol Al -20HOIRACH. SOHEZ AFE S Triethylamine 99%2 Sigma—-AldrichOll
M FOHGHRACE.

A2l 2 Photoluminescene (PL)=&E fluorescence spectrophotometer
F-7000 (F-7000FL, HITACHI)Z =&GIALCH. Al2+0l 2 LA 2o Al &
f 2N s8 B =FolJ|l <ol Absolute PL  Quantum  Yield
Spectrometer (C11347-11, HAMAMATSU PHOTONICS K.K.)E 0|25t =J5IA
Ct. Silicon quantum dots H™ =&HZ FT-IREZ ZS&HGSIRUCE. Life timee

TRPLZ =FoIRALY.
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2.2 Synthesis

2.2.1 Cl-terminated & 2|2 XX & &4

JbXIEel Z2tA3 250mL0l Flame drying oflE S Ot
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Cl Cl
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NOGE SR IGOEESES &
Cl " -
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Scheme 4. Cl-terminated &! 2| 2 QA& & B
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a2 XA EHO MethoxyE &40t fIo & Cl-passivated Si QDsE ©F
SJ| ?loll SiCl4 210 2412 20| TOHE JtAl €2l ZetA 3 250mL 0l Cannulation
Ct. Cannulation o= ZctA 0 Arch0l Al MethanolS Iml €2 & & =20 A
12A12F WBHAIHAZ=HA EH BISS AIHZ0L Ol M2 LetMoz HHEHTH 1
& Z2s= £ vacuuml 2 L E

Soi A Z2A=C

|'0II

a Si QD-OMe

Scheme 5. MeO-derivatized Si QDs & & 2
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2.2.3 SiQD-OH M=

S Cl-passivated Si QDsE Bt
f% JHXI €8l E2tA 3 250mL 0l Cannulation oH
W

ater 2 Iml €2 = &420 M

o Y
Q
g
g @
=
o

v =
ol
MHA v
UK
A
[>
|
2
9'3
=2
x
)
—

vacuumlL 2 Y=

ZHE Solld 2H &0

Z20E £2HE S/ 21 Hexane= 0| & work up ol =Ch
Cl
Cl Cl
H,0
a a I
cl Cl
a Si QD-OH

Scheme 6. HO-derivatized Si QDs &4 &

224 SiQD-EG M=%
ac|E ZAE HBE0U HydroxyS & &0t flol 4 Cl-passivated Si QDsE Bt
01 2lol SiCl4 €10 2A12F =0l CHE JHAI €8l ZetA 3 250mL 0l Cannulation
ol &Ct. Cannulation ol & ZctA 0l ArStUIA  Ethylene glycol S =

S0A 12A12F W AIHAFEHAM EH BtS S AIHECHL Ol M2 LetMoz H

StCt. 1 O|= 242 BHSotAl &

w
HH
ﬂJIﬂJ
o
MM
4n
THo
]
s
o
2
)
=
(9]
l
=)
0
=
g
=
~
[
o
%
MM
a

(CH,0H),

cl Cl
Cl Si QD-EG

Scheme 7. Ethyleneglycol-derivatized Si QDs &4 2%
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2.2.5 Si QD-HEA M=

HEA-derivatized Si QDs & &

& 43tI| ?IoH & Cl-passivated Si QDsE 2tED| <
ofl SiCl4 €10 2A12F 20l CHE D

X &£ el Se2kA 3 250mL 0l Cannulation oll = Ch

=<

Cannulation ol &= SctA 30| Arot0l A 2-Hydroxyethyl acrylate 8 1ml €2

o201 12412 WEHAIHAF=HA BH BISS AIHASCE Ol M2 =M=

BECH 1 0l = S42 0 BtEoHA 22 S E =2 MAHGH| fldi E0HE vacuum
o2 YHAZECLH THF 20HE 30ml EHF10 Ol =X 22 EBXME2S2 ZHE Sl
N ZHAECH B0HE £2HE F 21 Hexane= 0| 20l work up ol =Ch

Si QD-HEA
Scheme 8. HEA-derivatized Si QDs &4 2f&
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3. Results and Discussion

3.1 PL Spectroscopy &2

——Ex: 350 Em 420

— Ey: JE] Em - 422

Ex: 380 Em :438
—— Ey 350 Em ;445
= Ex: 4} Em : 454

PL Intensity (a.u.)

350 400 450 500 550 600 650
Wavelength (nm)

Figure 1. MeO-derivatized Si QDs2| excitation wavelength0fl ([} £ emission 22 E}

L0l LIEtYH PL )2 Z = methoxy 1E2Z HM JNESHE Si QDOIA excitation

wavelengthE 2f2} 350, 360, 370, 380, 390, 400 nm =AU =S [ emission AHESHS

LIEFH Z2 02 IO 22 THE0] 2824 420, 422, 430, 438, 445, 454 nmO| LIEFS 21

SOIGIA 2O ZIHe L& MII= excitation wavelengthIt 350 nm2 ([ Ol 04
O

o
kou

excitation wavelengthJt SIt&t0fl [IFet emission wavelength maximum &I E 2 2
L= 0lscte AS & = AULH 0] 2= excitation wavelength® SIH0Il [}t
oz 0ls &0l AN 420 nm2| emission A E H 9

ZUtE =2 [t monotonic shiftSHAl &4 1) emission intensity )t S M2 2 2 A5t=
a2 20 methoxy-derivatized Si QDs= full-width at half maximum (FWHM)

of 90 nm®|™ narrow size distribution2 JIX| D JCHE 2UE BEHFH 2 24

emission wavelengthJt & I} &
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nio
0l
02
el
4]
Q

Si QDs2| &4 2B 0| size-selectiveSt Si-QDs & & 2t &

=———FEx: 350 Em: 408
Ex:360 Em: 415

PL intensity {a.u.)

350 400 450 500 550 600 650

Wavelength (nm)
Figure 2. HO-derivatized Si QDs2] excitation wavelengthOil (£ emission A E 2}

L0l LIEtH PL i Z = hydroxy 1822 HE9 JHESHE Si QDO Al excitation
wavelengthE 2f2} 350, 360, 370, 380, 390, 400 nm =AU = [ emission AHESHS
LIEFH 2t = Of 2 WE 0| 22t 408, 415, 420, 431, 449, 457nm0| LIEtL A S
SOISIR M ZEIHS ZHMII= excitation wavelengthdt 350 nm% [0l 04
excitation wavelengthJt SIt&t0fl ([tet emission wavelength maximum &I E 2 2
L34 0lscte AE & == ULEH 0 Z = excitation wavelength®| SIH0Il et
emission wavelength )t ZIE S Z 0l &0 UM 408 nm2| emission A E &9
HIHE =2 [t 2 monotonic shiftotXl & 1) emission intensity )t =2 H 22 2 A0t=
&S 2O hydroxy-derivatized Si QDs= full-width at half maximum (FWHM)

o
of 84 nm Ol 04 narrow size distribution2 It X1 JACh= Z2UE BE0HFH =2 =24

=
g= SEotRUL

e oA

.

Si QDs2| &4 B0 size-selectiveSt Si-QDs & & 2t

1k
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PL Intensity (a.u.)

350 400 450 500 550 600 650

Wavelength (nm)
Figure 3. Ethyleneglycol-derivatized Si QDs2] excitation wavelengthOll ([} 2 emission

ABECD

20l LIEFH PL e = Ethylene glycol2 E=2 & SHE Si QDUIA excitation
wavelengthE 2f2} 350, 360, 370, 380, 390, 400 nm =AU = [ emission AHESHS

LIEIH 2t X Of D2 WEO0| 22t 413, 420, 428, 433, 446, 456nm0| LIEtL A S
SOISIR M ZIMHS ZHMII= excitation wavelengthdt 350 nm% Ol 0H
excitation wavelengthJt SIt&t0fl (Fet emission wavelength maximum &I E 2 2

ZIM 0ISoHs 22 2 4 AUC

AUCt 0 Z = excitation wavelengthl| SIHH et
emission wavelength)} ZIMAECZ 0l &0l AN 413nm2| emission A E & 9

}

x| a2mMoz 2t
&S 2O Ethylene glycol-derivatized Si QDs= full-width at half maximum

& == [t monotonic shiftol Xl § 1) emission intensity )t =X 2

rr

I
Ol

(FWHM) of 95 nm ©|™ narrow size distributionS JtX| 10 JUCts Z2UE B0
O 2 =84 Si QDs2 &4 HHOI size-selective®t Si-QDs &L 2= SHOH
A C.
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= Ex: 350 Em: 414
Em

— Ex - 360 Em: 419

—— 380 Em: 441
—Ex: 390 Em: 454
—Ex: 400 Em: 460

PL Intensity (a.u.)

350 400 450 500 550 600 650
Wavelength (nm)

Figure 4. HEA-derivatized Si QDs2| excitation wavelength0| [} £ emission

ABECD

L0l LIEFH PL eHE & 2-hydroxyethyl acrylate2 H JHESHE Si QDOIA

excitation wavelengthE 2+2+ 350, 360, 370, 380, 390, 400 nm =%U S [ emission &

WEHAS LIEIH 202 X0 L2 TEO| 2824 414, 419, 426, 441, 454, 460nmOf| Lt

Ettt 1S =QIGHUCH EIHe Z& A J|= excitation wavelengthJt 350 nmE! [H

Ol 04 excitation wavelengthdt SIt&t0fl [Itet emission wavelength maximum& &I}

o2 XZN 0|Scte A2 Y == UL 0 Z = excitation wavelength2| S IH|
x

k2t emission wavelength)t HFIMECZ 0|5 0l U 414nm2| emission 2 HE

ot
|0
024
=

Hi
nio

(Ct 2t monotonic shiftotX| 2 1) emission intensity )t =S B2 2 2ZFA

ol
rir
o
0z

2O 2-hydroxyethyl acrylate-derivatized Si QDsJt full-width at half
FWHM) of 83 nm ©|™ narrow size distribution2 JtXl 2 QUCt= &

2 =84 SiQDs2| &4 YO0l size-selectiveSt Si-QDs &4 2

B

1 B
322 o Mo 0
0o

o
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Figure 5. | &t S

=2 20

[=2a |

PL Intensity (a.u.)

400 450 500 550

350 600 650
Wavelength (nm)
H0ll Al MeO-derivatized Si QDs2| excitation wavelength 350 nm
StOll A Al2H0ll HE quenching PL A EC}

L0l LIEFH A2 PL AT E 2ti= MeO-derivatized Si QDsO| HIEHS S SHOI M 2
tE LS AEot)] R0t AlZt0ll et PLE &8 ZUE MeO-derivatized Si
QDs2 AlZ2H0l X0l ek A A3l PL MIDIOF 248 Cte 242 20 F=RAULCEH 0l

& MeO-derivatized Si QDsO| Ol
Ol Atgtalel2 el

Collection @ chosun

=0

Et=2 204

EtZ SMHUHM MASI AtstE 0 [t al2lE 2Rt
OrXISH0fl = silicon tetrahydroxide, Si(OH)4, 2 &0dl &=
=2 2ol & 50% Ot 24 AIZ2F LHOH tBE2 A O R OF

of Ot &0 UM 5 0l== O 04 &tgtDt Ol

~ C
o
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PL Intensity (a.u.)

350 4u'u 45'0 5u'u 550 600 650
Wavelength (nm)

Figure 6. 0| &t 2 & % 0| A HO-derivatized Si QDs2| excitation wavelength 350 nm
StOll A Al2H0ll HE quenching PL A EC}

i A2 PL ABE 2= HO-derivatized Si QDsO| HIEtS S SHHI A 2

IOl LIEFH A2 PL AT

OrH M2 AEGID| 2I5H0 A2l et PLE =& &t Z 1t 2 HO-derivatized Si QDs
2 A2H0l X0l et MAGIPLE MIDIDE 248 Che HE B0 =2t O &
= U2 MeO-derivatized Si QDs2| Zet CHE

HO-derivatized Si QDsO| HIEtS XU A HS 48A12+tSCH2
2

ZAGHA 2 UCH 0l= OOt S DEO0A 0101 Olel Aelz LXE HHO0I
SE0l &StE 0 O 0l= S el atstE S & == QUL silicon tetrahydroxide,
Si(OH)4, 2 2 50%Jt 2ol &l=0l 720l ARE 2422 20t & £ QUL
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PL Intensity (a.u.)

350 400 450 500 550 600 650
Wavelength (nm)

Figure 7. 0| &t 2 % 0l M EG-derivatized Si QDs2| excitation wavelength 350 nm
StOll A Al2H0ll HE quenching PL A EC}

Ol LIEtH A2 PL A ECH= EG-derivatized Si QDsO| HIEHS ZH SH0IA 2
OtE M Z AE3HI| /A3t AlZ2H0 et PLE =& 8t Z2 & EG-derivatized Si QDs
2 AIZ2t0I XIgoll et AASI PLel MDD ZA8HCHe

EG-derivatized Si QDsO| HIEt2 SHU M AAISI &S0 et &2l2 LAEO|

A2 20 UL 0l=

Attalel 2 2l ] OFXIZ 0l = silicon tetrahydroxide, Si(OH)4, £ &0 &= AMA!
£ UEd =0 HEEZ2 o= 2 50% ZEIH24 Al2E LHO -2 H 0120 XX
0|

FEID UK 52 0l== O 014 &3t 0= O
A

le|2 SXE 2] HHO| AtAZ passivation T
o
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PL Intensity (a.u.)

Figure 8. 0l Et 2

350

400 450 500 550
Wavelength (nm)

600

650

E M0l 4 HEA-derivatized Si QDs2| excitation wavelength 350 nm

StOll A Al2H0ll HE quenching PL A EC}

?I 0l LIEFH A2 PL AT E 2ti= HEA-derivatized Si QDsO| HIEtS S St M 2
OHE S AEol)| ot AlZH0ll et PLE =& 8t Z U2 HEA-derivatized Si
QDs2 YUM 2 (e =84 A2 LU 2o A R CHE ZUE
2 ACt. HEA-derivatized Si QDs2 X S 24 A2 Hel RLE Atgt BHE 0l 012N

HeH O 0IR0= R e S==2 229 MOt ZAG5HACH E&F oA &
S ZUet g2l ASDFE D U 0 22 A HIIECZ He & AIAS 2
OO Ol=2Z I2= Oi0t: &eld 2RE HHO| &A 2 passivationT A S
M &2l EHO defecttfl 28 & T3 =2 0 AR
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PL & 9% olF
(%) (nm)
SiQD-OMe 69 5.6
SiQD-OH 51 2.8
SiQD-EG 73 5.8
SiQD-HEA 78 16
Table. 1 HIEt= S006HN Al2H0 2 2|2t OICH PL 24 (EX: 350)
Methanol &0l A Jt==0ll S [ AIZH0 (HE =84 A2l2 dIUE 2ol S &
elot)l ?lol €&  PL Intensity2 =&Eot) =40tACH Methanol2 & &8t

o
0x
ro

SiQD-OMe & 69% 242 5.6nm SIE 0lSE2 EHFULL H,0 2

SiQD-OH = 51% 242+ 2.8nm S IHE 0| SE & 0 =AU 11 Ethylene Glycol & &
&t SiQD-EG= 73% 242 5.8nm IHE 0SS 2 = 2 H 2-hydroxyethyl acrylate
& 48 SiQD-HEA= 78% 242t 16nm I & 0| S S ot 24A12F LHOI Hel 2
ASEIIAE Ol LU LA Ol T3= Of0t: Al2I2 SXEQ HHO| MAZ
passivationZ| A= I &cl2 HHO defect® 2o/t & U2A=Z GAHLXCH
SiQD-OH= HI WA CHE cl2tE 0 HIGHA S8 A2 S S8l &3tEl =oiE

Ae g+ UL

>.

ﬂ:O
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3.2Qy &

X

12
—e— $iQD-OMe
—&— SiQD-OH
10 | —v— SIQDEG

—=— SIQD-HEA

Absolute PL Quantum Yield (%)

Time (day)

Figure. 9 0f| Et S 8 % 0f| Xl derivatized Si QDs2| excitation wavelength 350 nm St 0f| A
Al2H0| & quenching QY

QY % (0day) QY % (20day)

SiQD-OMe 8.4 2.3

SiQD-OH 6.1 1.8

SiQD-EG 10.4 1.8

SiQD-HEA 5 1.8

Table 2. Kl €= S00SH0| AlZ2H0 THE 2l2+E O0FCH QY & 4 (EX: 350)

Methanol &0l A Jt=320oH S M AlZ2ZH0l HE =84 &2|2 dXE 2ol S
OlGH)| foll & AXNES=2=2 =Hot] E40IUCH HS M ESHAOHCH S &6
H = 6.1%, SiQD-EG= 10.4 %, SiQD-HEA= 5%

= [ SiQD-OMe =8.4%, SiQD-O
[©]

ANSES EWHFRUCEH 20201 NLIH HO &totEl= AE 2 = UL
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3.3 FT-IR 24X Figure. 10 =4 42|22 $AE FI-IR

——SiQD-OMe SiQD-OH
—SiQD-EG — SiQD-HEA

Transmitance (%)

40I00 35I00 30I00 25I00 20I00 1500 1000 500
Wavenumber (cm-1)

Figure. 10 =24d &¢2|2 2 A& FT-IR

FT-IR & Z S Soll SiQD-H, SiQD-OH Z HZ =015t YLt SiQD-H2 HER
2200-2100cm™ Solf 20215t SiQD-OHE 3400cm™E Solf &0CI6HALH C=02Z

SO 2 1700-1800cm'S Soll EQI5I¥ D C=CEE2 1640cm'E Soll &0I5tA

Ct.
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3.4 Life Time =%

SiQD-OMe
SiQD-OH
SiQD-EG
SiQD-HEA

Normalized PL Intensity (a.u.)

0 10 20 0 40 0 60 70 80 90 100
Time (ns)
Figure 10. =84 &2|2 2FAtE Life Time
ST & SiQD-OMe, SiQD-OH, SiQD-EG, SiQD-HEAZ2| Life TimeS &6t
Ct. S8 Z 1 SiQD-OMel| B 4.57 ns, SiQD-OH2| & < 1.66 ns, SiQD-EG2| &
£ 0.59 ns, SIQD-HEAS2| &< 0.56 ns 2 2216t LY.

Decay Summary

Sample Tavg
SiQD-OMe 4.57
SiQD-OH 1.66
SiQD-EG 0.59
SiQD-HEA 0.56

Aex= 372 nm, Aem= 410 nm
Lifetimes : 2

Table 3. i &t = S0HSHO Al2H0Hl OHE 2l 2t= OCH Life time S & &t
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4. Conclusion

2 870N JIES gt €dl =8d &2l8 ZNE S One-Spot2 Z 2HEHG}
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=
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