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Abstract

Syntheses and Characterization of Silicon Quantum Dots and
Improved Photoluminescence of Silicon Quantum Dots by

FRET

Baek, Sang Soo

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

Graduate School of Chosun University

Various reaction conditions, such as quantity of reducing agent and reaction
time were investigated with the aim of finding a simple, optimized synthetic
route for the synthesis of luminescent Silicon Quantum Dots (SiQDs). SiQDs
were synthesized from the reaction of ammonium chloride and magnesium
silicide. ~ Optical characterizations of SiQDs were achieved by using
ultraviolet-visible (UV-Vis) and photoluminescence (PL) spectroscopy. The
monotonic shift of the photoluminescence as a function of excitation wavelength
resulted from the excitation of different sizes of nanocrystals that had different
optical transition energies.

Photoluminescent SiQDs containing Camptothecin(CPT) were synthesized by
using a Camptothecin(CPT)-derivatized SiQDs. The release of CPT was measured
by UV-Vis spectrometer. The intensity of fluorescence of the SiQDs was
measured with a drug release. The concentration of released drug exhibited
non-linear relationship with a release time. The blue photoluminescence emitting
at 450nm with an excitation wavelength of 400 nm is due to the quantum
confinement of silicon nanocrystallites in SiQDs. CPT-SiQDs exhibiting an
emission band at 570 nm was reacted with SiQDs to give a CPT-derivatized

SiQDs. Optical characteristic of CPT-derivatized SiQDs were investigated by
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UV-Vis and photoluminescence(PL) spectrometer.

SiQDs were synthesized from the reaction of Ammonium chloride and
magnesium  silicide via a low temperature solution route. The blue
photoluminescence emitting at 450 nm with an excitation wavelength of 400 nm
is due to the quantum efficiency of SiQDs. SiQDs exhibiting an emission band
at 450 nm was reacted with Methyltetraphenylvinylsilole to give a
silole-derivatized SiQDs. Optical characteristic of silole-derivatized SiQDs were
measured by ultraviolet-visible (UV-Vis) and  photoluminescence  (PL)
spectroscopy. The size distribution and orientation of a silole-derivatized SiQDs

were measured by TEM.
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2. Experimental Section

2.1. Materials & Instrument
2.1.1. Materials

Silicone ©]&3t A& FAd3sH7] 98] magnesium silicide (Alfa aesar,
99%) <©} ammonium chloride (Alfa aesar, 98%), ethylenediamine (Aldrich,
99.5%), (S)-(+)-camptothecin (Aldrich, 90%), diphenylacetylene (Aldrich,
98%), dichloromethylvinylsilane (Aldrich, 97%), lithium (Aldrich, 99%),
Silicon tetrachloride (Aldrich, 99%)& F7F AA §lo] §iske] AR&shalnt.
Dimethylformamide (Aldrich, 99.8%)% oF23r 72 3dlolA A3 H calcium
chloride  (Aldrich, anhydrous)ollA  ZF3Ft}. Ethylenediammonium
dichloride2 7] $3lA] tetrahydrofuran (THF) 40 mL$} ethylenediamine®]
T Zgh=a Qe g Fgk=FdA FH$ sodium chloridedl sulfuric acidE
Ao A dxe]) "ojrmy 4% HCl 7F~E HAAA  cannulag ©]&3te] 7h2~

B ol BA F geolA] WA wuke AZch A4E 84 solid® BH L
==z
o

A S5 shol AxE AT Wbgo] B §, dAgde] E3ES dE
StAdol BHEE 2E A¥E standard Schlenk line & ©]&3fo] of= 7k~ dlo

2.1.2. Instrument
Silicon Quantum dots2| Zst& E4& 2 UV-vis absorption (Shimadzu, UV-2401
spectrophotometer), photoluminescence spectroscopy (Perkin-Elmer, LS 55 luminescence
spectrophotometer), 12|10 FT-IR (Nicolet 5700)2% & FStRUCH Silicon Quantum
dots2 =JI2 EEH= high resolution transmission electron microscope (HR-TEM,
Philips, TECNAI F20)S AtEotH UL & +=ZS =FotJ| <I6tH
time-resolved fluorescence confocal microscope (PicoQuant, Germany)=S AtEot0H 2 A

Ct.
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2.2. Synthesis

2.2.1. Synthesis of H (Hydrogen)-Terminated Silicon Quantum Dots

Silicon Quantum dots=

chloride)E O0|&Gt0d H-terminalE Schem 1.1}
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. NH,CI
Mg,Si 8 1F

Schem 1. Schem of H-terminated silicon quantum dots.

2.2.2. Synthesis of Ethylene-Capped Silicon Quantum Dots
Ethylene-capped silicon quantum dotsS & &6tJ| ?I6t0 ethylenediaminet HCIS
0l 26t ethylenediammonium dichlorideS & 406t ZRUCH  Ethylenediammonium
dichloride2 2J| ?IoiA THF 40 mL2t ethylenediamineOl & ZctA3 ot CtE
EAAT0NAM EBIS sodium chloridefl sulfuric acidE &=20AM A3 EO L

=48t HCl JtAE LMAIZA  cannulaE 01 E0H0 JIALE O|SAIZI & A20 A it
S wWets AL A= M solidE EHOYLD 2 57 otll HAXE AR
Ch. BtES0l &2 =, SEHNo =g== EZEH oAUl ? HEUM 22
Ethylenediammonium dichloride 2t Mg,SiS OIZ0td Schem 2.2t 22 Ethylene@ 2
=ci 20 & SiQDsE & & 5tRUL

B W22 Schlenk ZctAIAE HZ5tD SFRH2AI|0 X= adapterS HZ &
Ct. HEE HgS 01800 HERKAE SotH AR 3I1Jt SUHA Rotes &
Z0tEC). Heating mantle OtZ 2 S22 &2 2N = 7 20l sea sandE & %0+ 2
Ot=1 20lM Z=HIE Schlenk EctAIE EHEC SFRYAI|0 S+E in/outOl
SH HZ St = Silicon tubeE 0| &3t adapter?t Schlenk lineE2 HZ30t12, heating

gundt vacuum pumpE O0IE0tH I+ LHREE 20|l A AIHAZCLE Schlenk SetA
3 UWEII 20 24X & £ 022 JHAZ J|2 WEE AT, MgSi (0.30

g, 4 mmol, 1 equiv.)2t Ethylenediammonium dichloride (0.31 g, 2.4 mmol, 0.6 equiv.)
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£ &Itst =, CtAl heating gundt vacuum pumpE O0I&ESIH AIEE HZAIHAECL)
AZXDHOl 2UH CHAI Ol22 JtAZ2 WRE MHAECH A XE 01860 distill
Dt degassE dimethylformalmine (DMF) 40 mLE & JIGt1), Schlenk ZctA3 LR
250 2 dEE = UEE FE28 =O0IIHAl sea sand2 & EH O ECh Heating

mantle2 W F A HEEX|(slidacs)0l HZSIH BE 20K S ECH HE 25
(o]

X ESchte St SHo M2 HetE J|Fetth. 88 258 J|AotH, €8 Al
1

A2+0l XILFH slidacsES MIHGHLD,

=0k

Schem 2. Schem of ethylene-capped silicon quantum dots.

2.2.3. Synthesis of 1-methyl-2,3,4,5-tetraphenyl-1-vinylsilole
1-Methyl-2,3,4,5-tetraphenyl-1-vinylsilole<> scheme 3.2] Hk-§- =Ale] k) 314

Y3ttt WA 100 mLe] Schlenk &2}~ diphenylacetylene (5 g, 28 mmol)S-

PN
o
S £52 AGED 526 A8 & 95 8
(]
=

[e)
g %
o

=

st ¥ vacuum pumpE ©|&3dte] HUFZAIZITE E $F Schlenk 270l dried

cher S0 mLE ATAR Hsjel $u wE A1 @ g G 0 g
H
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Sdo HAAX|E o]83}o] dichloromethylvinylsilane (9.6 mL, 61 mmol)S
T AF2ollA s EQF e mwkektt §FF7F Ald ¥ vacuum pumpE ©] &3}
ol (ether, dichloromethylvinyl -silane)= % S A IR &
FAIZ] $ dried ether 50 mLE AYUAZ FH3te] thr] =2tk th
235 FH]5tY] cannula® lithiumS A9 fAw %7 5 3 A7+
oA % ot HEvh hElekol Qe saltts U=
Nt cannula® 5= TR schlenk Zet=A=2 HATT 24
i Aol A HWH SR
A A2 WaLe] Batkste] A
TFA] cannula® B T}E schlenk =8~ 2 9]
o}AE schlenk Z2}2270l dried etherE 50 mLE 2o gk A
< I saltZb s ZhEhered thA]l $15 8N cannula® O]
SAA FE FRetd 2AS AT Aol AAPEHWE FRE UJZ‘F 60~7
WA A A g oy 2y
AAE products Y] n-hexaneSZ HlojF
'IET

product¥t - schlenk Zt~3E Y &+

i
-0
=1
=
o
fel)
X
K
O>’

=

o

oL Ol}l'
o

re

i

1%

o

oo

> oX
o
N
R’
<A
r"a

o op

offt
r o
=l
=

J— 2Li
— E—
Erher Q / \ 0
i
Diphenylacetylene 1.4-Dilithium-1,2,3.4-tetraphenyl-but-1.3-diene
Dichloromethylvinylsilane / \
) 196 nC Q O
s

A Vs
1-Methyl-2,3.4,5-tetraphenyl-1-vinylsilole

Schem 3. Synthesis of 1-methyl-2,3,4,5-tetraphenyl-1-vinyl-silole.
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2.3. Application of Silicon Quantum Dots

2.3.1. Explosive sensor

YA S o] 83+ Explosive sensor=4]9] &8-S olr 7] 9J3sto] FHJE SiQDsO
olg] 7ol ZuHE F TNT, RDX, PETNS 7139 figure 4.9F 72 g8 E o] &
st 2] ARE dlsksith. 49 SiQDs sample 3 mLE 33} cello] Y
photoluminescence spectroscopys ©]-&3te] ZA433lth. TNTE solution (DMF)oll =
o 10 ppm FE= THEIL, SiQDs7F £+ cellol] wlo|ARHA-AE AFE3le] 3
wE #7rste] PLE A& 919k 22 WHORE solutions 43] U FH7bsho
Z}Zy PL  spectrum= T3tk S| PL spectrums  7FA| 3l photoluminescence
spectroscopy 2 ©]-88}9] total areafkS T-3F0] Stern-Volmer plot’'& 18 § 1 7]
7] %S ©o] 83} Stern-Volmer constant kS 3Ht) 2 wWhHo = Z}7Z: RDX,

PETN9] Stern-Volmer constant kS -3},

NO;

H-terminated SiQD TNT

Figure 4. Quenching of SiQDs for TNT.

2.3.2. Drug Delivery System (DDS)

33 % H-terminated SiQDs®l drug ((S)-(+)-camptothecin)S X E-A]7]7] 915}
(S)-(+)-camptothecin (CPT)°l| Silicon tetrachlorideE A}&83}% schem 4.4 <} 7o)
hydroxy”]E  *|3FA|#  camptothecinyltrichlorosilane  (SiCl;-CPT)S  E/d 3}t
Schlenk =2}2=F0)] #H]¥ SiQDs sample= Y31, ¢ #}4S F3 A4 E SiCL-CPT

_12_
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£ distill?} degass® N-hexane 10 mLol| ¢ schlenk =&t~ AAA|E o] &3}
FUAIZIAL 120Tol A wHE §lo] refluxdtn o} 2 7k FhollA] & Fh 7t
AAFTE Hhgo] B F JolES AQe &A%t AYAE o] &oto] ALY
F g

£

H-terminated SiQD SiClL-CPT (in N-Hexane)

Scheme 4. Synthesis of CPT-derivatized SiQDs.

2.3.3. Improved Photoluminescence by FRET

Schlenk =gt~ &A% SiQDs sampleS YL, distill?} degass® DMF 10 mL
ol 1-methyl-2,3,4,5-tetraphenyl-1-vinylsilole S o] AAX|E o] &3to] F=UstaL Pt =
] (HPtCle) s Eol=th 71 5 150CoA] wwk glo] of23t 7k 3loA 3§ &
F M-S AAFH Whgol Ed F JAES AL & HAHPAE o] &5}
ZA2=HGA Ao 1 %’91% schem 5.9} 7t}

la

e°l

o Silole

1-Methyl-2,3.4.5-tetraphenyl-1-vinylsilole(in DMF)

1507T

Silole Silole

Scheme 5. Synthesis of derivatized SiQDs.
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3. Results and Discussion

3.1. Result of Silicon Quantum Dots synthesis
3.1.1. Optical property of SiQDs

Magnesium silicideOll ammonium chloridelLt ethylenediammonium dichloride &

h-terminal® SiQDs%t ethylene@ 2 =2 20 & SiQDs

=

Ct scheme 1.1} scheme 2.

=

stM5

HIAMXE hydrogen ZEHE 2= 2AS &2 = UCH ©X ethylene@ 2 Sl 2
SiQD= surfactant2 ethyleneS JtAILD UACH= A OICH SurfactantE 2= AIE 1
2R %S L 20 Z2E HdF¥0IU AJIE XEot=dl 0lotCh= HOA 012
AES G AT, Figure 5.2 Figure 6.0l MK SRAMQF BH2A12400 [HE PL
spectrum= & U LY.
Mday 20 Ha
A) 200 B) §00 y—mmu ki C) 358 y_mu(u)mm
700 To0 —— BEH O :3:nm 300 — BNH O o ) 25
— FNH @1 ex ) 45 0rm — BN O g )48l
e il e B S
; 500 g 500 ; sig
& an & a0 &
g 3 é 300 E =
200 200 100
100 100 A

o L4 S
400 450 500 550 600 650

Wavelengih gun)

700 750

1]
400 450 500 550 600 650

] S
00 750 400 450 500 550 G600 650 Y00 TS0

Wavelength (nm)

Wavelength (am)

Figure 5. PL spectrum of ethylene-capped SiQDs prepared with the reaction
time of A) 24 hr, B) 48 hr, C) 72 hr.

A) Liay B) 24day 0 ar
300 300 300
—Ex : 401 Em : 460 —Ex: 401 Em: 460 —Ex:401Em :471
—Ex:425Em : 480 —Ex:425 Em: 479 —Ex:425 Em : 500
250 — Ex: 450 Em : 505 250 —Ex: 450 Em: 507 250 —Ex: 450 Em : 509
—Ex : 475 Em : 535 —Ex: 475 Em: 530 1330
~ 20 TERSMERGER . gy —ubRtRER I L g Bl
& & &
& 150 £ 150 £ 150
: § £
LI 1] LI 1] £
50 50 50
] . o

400 450 500 5SS

Wavelengih (nm)

0 &00 &50 700 750

i o
400 450 500 S50 600 65O

Wav elength (am)

To0 750

[ e
400 50 00 550 600 650 700

Wav elength (am)

750

Figure 6. PL spectrum of H-terminated SiQDs prepared with the reaction
time of A) 24 hr, B) 48 hr, C) 72 hr.
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PL spectrum= &0l

o
O 24 hr, 48hr SO+ IS S OIS

0y

£ 450 nm &S| SLE A= Z2MH, &

29| MIDIZH Hote 28 2 £ UCL 72 SO BISE oS ZRUIF CHekst
oY 992 2= e & = UL S M2 ammonium chlorideE AIE0IAS &
SUHE Ol SAE s 2B0le S € = UJALL Figure 7.2 & 2 M
UV-vis spectrum= =& & 24 0ICt. Ethylene@ & =2 20 & SiQDs (Figure 7. A))2
dS 24 hr, 48 hrS2H2| BIS AIZHOIA 320 nm2| RAIS E4FAS A= NS &
ol SIRAXICH 72 hr BFS AlZFHIAM = 420 nm2| T2 &4 F98 A= AS &0l
& £ QURJUCH PL spectrumOl Al = A0t HI=6IAH 72 hr BtS AlZHOIAMCH CHE &
Biol mM&E gog 2t A2 & 4 UCL 0= 24 hr, 48 hrQ BIS AIZFECH 72 hr
UIS AIZIZ 2 SiQDS BE 2JI0t SIHEIChs A4S 2 2 ACHY. H-terminal
Zl SiQDs (Figure 7. B))2| B2} ethylene@Z =2 20 & SiQDs2t FAISH HES

H

SOICH 24 hr, 48 hrOil A= 285 nmUIlA S W& A= =0 oHXIE 72 hr
S AZHHA= 330 nmOlA MZ22 S+ &0l UEtUH=E 22 2 = UL 0l=
g2 0E0l 3Idez 0lsst 212 B =0

A) ¢ B)
lday E¢NH Cl, — lday NHJ(.‘l

— 2day EtNHi(Tl‘_ — lay NH4CI
— 3day EINHJCL

3day NHJ(.‘l

Absorbance (an.)
Absorbance (an.)

300 400 500 600 700 800 300 400 500 600 700 800

Wavelength (nm) Wavelength (nm)

Figure 7. UV-vis spectra of A) ethylene-capped SiQDs and B) H-terminated
SiQDs prepared with the reaction time of 24 hr (red), 48 hr
(blue), 72 hr (green).
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Figure 8.2 SiQDs2 FT-IRS =&& ZOICH 2150 ecm™'2 v (Si-H)Q &= &
E2 UEHHE 21012, 914 em'S §(Si-H)2 =28 ZSZ2 LEHHE 240ICH 611
z 2 =

e 2k v (Si-H)Y A= silicondt hydrogen2 &

ro

Absorbance (a.u.)

i
— ] L
| ‘,..J“m""’""“" T Ry / o JA

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'l)

Figure 8. FT-IR spectrum of SiQDs.
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10* -

1000

PL intensity (a.u.)

100

10 20 30 40 50

Times (ns)

Figure 9. Plot of fluorescence decay versus time for Si QDs

suspensions.

Figure 9.2 h-terminal SiQDs2| &€& =% Al2tS FFg A0ICh =8 210 &
g =28 A2 393 nscte XS & = UUCH
— 17 —
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3.1.2. Measurement of TEM image

Figure 10. HRTEM images for (A) SiQDs obtained after 72 hr, (B) single SiQD, (C)
the fast Fourier transform of the image demonstrates the pseudohexagonal
symmetry of the [111] face of Si.

Figure 10.2 72 hr BtS Al2t2| SiQDs2l HR-TEM O|0| X OICt. HR-TEM O|0|Xl=
cartbon 22 Z & Cu TEM 12lE0l sampleE S ethanolE 0| &0t HEE A
Ct. Figure 10.A.0lAM 2® SiQDs= S{AIeH FII2 22 H&= =
SiQDsC| EEie UEe FEO2 T Y2H, 1 AJI=E 2~4 nm =
D MZ ™AL SN UK 2Llh= S L =+ AL Figure 10.B.= 4 nm
3019 ¢ SiQDel Z2AEE B0xF= A0ICHL BZ 2D &2 SiQD (1~2 nm)0|
X2t TEMOIOIXIOA O A SFE A2 HIEE B2 01R0& 20l HiZ0l
T sampledt 20| &I W&OICH Figure 10.C.= [110] SS9 =
SiQDs2| HR-TEMZ2| fast fourier transform (FFT) O|O|XIO|04, CtOlOt= 2
A9l pseudohexagonal CHEIC| [111]HE LIEIHCEH =HE d2b22 [111]0 6O
3.15 Aol AALH.

&84 &l SiQDs samplel| XS &2 SH6HJ| 216H0 WilliamsO| M AlSH HHS ALE6}

o AEE8S =X

ool
o

it
4

0
o

o >

=

Grad, | nx

O, =0
* o Gradg; néT
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dhaE= SZo| Aot V=222 80| S 20t table 1.0IA OI0] ZAM U

Compound Solvent Literature Emission Reference
Quantum yield | range /nm
Cresyl violet Methanol 0.54 600-650 J- Phys. Chem., 1979, 83, 696
Rhodamine 101 Ethanol + 0.01% HC1 1.00 600-650 I. Phys. Chem., 1980, 84, 1871
Quinine sulfate 0.1M H-50, 0.54 400-600 . Phys. Chem., 1961, 65, 229
Fluorescein 0.1M NaOH 0.79 500-600 T Awr. Chem. Soc., 1945, 1099
Norharmane 0.1M H-S0, 0.58 400-550 T Lamin., 1992, 51, 269-74
Harmane 0.IM H-SO, 0.83 400-550 . Lumin., 1992, 51, 269-74
Harmine 0.1M H2S0y 0.45 400-550 J. Lumin., 1992, 51, 269-74
2-methylharmane 0.1M H250, 0.45 400-550 J. Lamin., 1992, 51, 269-74
Chlorophyll A Ether 0.32 600-750 Trans. Faraday Soc., 1957, 53, 646-55
Zinc phthalocyanine | 1% pyridine in toluene 0.30 660-750 J. Chem. Phys., 1971, 55, 4131
Benzene Cyclohexane 0.05 270-300 J- Phys. Chem., 1968, 72, 325
Tryptophan Water, pH 7.2, 25C 0.14 300-380 J- Phys. Chem., 1970, 74, 4480
2-Aminopyridine 0.1M H-SO, 0.60 315-480 . Phys. Chem., 1968, 72, 2680
Anthracene Ethanol 027 360-480 I Phys. Chem., 1961, 65, 229
%10 cigheny) Cyclohexane 0.90 400-500 | . Phys. Chem., 1983, 87, 83
anthracene *

Table 1. A Table of Standard Materials and Their Literature Quantum Yield Values.

HA0NAM e ES SEHOH| 26t )&= & 2 HarmaneS AFE 0L Figure 11.

A)= harmane2| UV-vis absorbance 2t PL intensityS & & 0f

MetA =38 e = 0IH,

figure 11. B)y= s S0l et &8t UV-vis absorbance 2t PL intensity 2] A2t 12Ol

ol HE J1=J12 8t 214 89,2500|2t= = &HCIGHILH
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Harmane
A o : : : : : : 1000 B) 810t
I - ——— =250 "
7107 | R=08@I1n 4
0.08 -{ 800
610t | ' _
_ ) o
= = = 4
£ 006 {60 g g A0 1
g i .
z 2 B 4wt 1
: :
E 0.04 | 140 3 2 sl |
2 £ o
) 210* | 1
oo | - 200
¥ 110t | -
0 ; k = 0 ] . . . .
300 350 400 450 S00 S50 600 650 0 002 004 006 008 01
Wavdength (nm) Absotbance (AT.)

Figure 11. A) UV-vis absorbance and PL intensity of SiQDs, B) PL intensity by
UV-vis absorbance of SiQDs.

Figure 12.= SiQDs & & 2| BISAIZH0l ([HE sample= 92 22 LHOZ =FGHH 1

ZE S AL

A B
)1.2 10’ i , ; ) 1.2 10 r ; —
—= TR — =T M

11[]'1 | E =020 - 11“4 E=092191 |
:i o000 L ; go00 | B
2 3
-E‘ 5000 | -E’ #000 | 1
L E "
g 4000 | & 4000 | .

1]
2000 1 2000 E
1] . . . ] . . .
0 0.005 001 0.015 0.02 0 0.005 0.01 0.015 0.02
Ahsorhance (A.11.) Ahsorhance (A.11.)

Figure 12. PL intensity by UV-vis absorbance of SiQDs prepared with the
reaction time of A) 48 hr, B) 96 hr.
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SiQDsC| BFSAIZHO 2 LN S E Hla Z 0= 48 hrd [ 62% A1), 96 hrd [
2 A et AT 0l BHEAII0I B
Ct.

3.2. Application of Silicon Quantum Dots
3.2.1. Result of Quenching of SiQDs for Explosive Ssensor

gid & H-terminal SiQDsO| = ZZ&2 S4= 0/E06t atstd A2 SEot
[ M2 FIHEQ S-0ILE JtEs2 AUU2H, figure 8.0IA EQIEH 41 20| =
=0l A silicondt hydrogen@ 28t O|F &l SiQDs sample= O|E0t S JtXIS =
& =(TNT, RDX)S 0IE6tH 0= & ZXE=XE &0k
1000 - k ) )
A) B) 02l — y= 0.088764x R'= 009828 I}
*
800
0pph
= — 100ppb 0.15 ¢ 7
= 6o | -
;ﬂ.f —— 400 pph Hq'
% — 500 pph d: 01l .|
400 |
5
0.05 - g
200 -
-
0 s \ . . . i 0 . ! . .
350 400 450 500 S50 600 650 700 0 0.5 1 1.5 2 2:5
Wavelength (nm) Molarity (10°°M)

Figure 13. A) Quenching PL Spectra of Si QDs for TNT, B) Stem-Volmer plots of
SiQDs and TNT.

Figure 13.2 TNTOl CHSHO! h-terminal SiQDs sampleOl Z0tLt & 2K & = U

FOISH 292 figure 13. A)= =& 0l HE PL spectruml ZA&H= &S

rir
ﬁ
i
Jon

I
)l
i

240122 figure 13. B)= 0l (& Stern-Volmer plots& QI8 2 0ICt =&
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2 Kyat2 89,0000/t XS 2 EHACH 01&e SXNFEL 1 4501 f=0t
o

1000 - ; 0.06 T T T T
A) i B) — y= 0.02383x K- 098935
*
0.05 L E
800 -
0 pph
- —— 100 pph 0.04 - i
= 600 |
ﬂ — 400 pph b
E —— 500 ppb ;1; 0.03 - # b
g =
2 400 -
= 0.02 |
L]
200 + 0.01 L el
*
0 L L L L ! 0 L L L L
350 400 450 500 S50 600 650 700 0 0.5 1 15 2 2.5
Wavelength (1an) Molarity (1"]'-61\1}

Figure 14. A) Quenching PL Spectra of Si QDs for RDX, B) Sterm-Volmer plots of
SiQDs and RDX.

Figure 14.2 RDXO0 CHGtO! h-terminal SiQDs sampleO| 0iLE & 2K & == U

=& st 210112 figure 14. By= 0 (& Stern-Volmer plots2 & 218t 210|CH =F
Z0 Kyt 2 F22 20| o|&e 2

4,00001ct= A= 2H EUCH 0 FAl 22

3.2.2. Result of Camptothecin-Derivatized SiQDs
Camptothecin-derivatized SiQDs= & &0t G JtAl HHIE 0lE0tH
H42 =3HGIQUCH H-terminaed SiQDs2| hydrogenO| camptothecinyltrichlorosilane2]

N E
= =

o
!

_22_

Collection @ chosun



Sang Soo Baek - M.S Thesis
Chosun University, Department of Chemistry

chloride®} WF-§-3}o] SiQDsol|l camptothecin®] % H =718 sl 8 T
th. Figure 15.% 4% SiQDs®] 33 342 400 nme] & FFS FAFSIS
] 450 nmo A &<lo] a1, 93+ camptothecin®] 3 I 368 nme| & 3
FE FARIAS W 428 nmoll Al gRlo] HATE SFA|HE, camptothecin-derivatized
SiQDs2l 22 480 nm2 E= IIES FAICIRS [ 568 nm2| L& MES LIEHUN
B Ol & 220 2= 2& IIE0| ofd Mz2 22 IIEg d2 2 = UMY

Ct.

Uv-vis Spectrum PL Spectrum
— SiQDs
r r — Camptothecin
— SiQDs & b
Camptothecin — Camptothecin-SiQDs
A —— Camptothecin-SiQDs
3 -
E =
8 &
g £
o= w
5 g
2 =
=
300 400 500 600 700 800 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

Figure 15. PL and UV-vis spectra of Si QDs(red), camptothecin(blue), and
camptothecin-derivatized SiQDs(green).

Figure 16.2 & & & camptothecin-derivatized SiQDs smaple2 TEMZ O0|&3dt0 3AJIE
=

SZet ZH0ICH SEHE 20 ES 4-6 nm MOIUOH, 20 2 3712 2E2 10
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Figure 16. TEM images of camptothecin-derivatized SiQDs.

3.2.3. Result of Improved Photoluminescence by FRET
42 Sot 22 % It &AMl Si QDs2t 1-methyl-2,3,4,5-tetraphenyl-

l-vinyl-siloleS O|&0ot0{ FRET= S8t & &&= HAAGIRACH Figure 17.2 Si

on

-~

QDs, 1-methyl-2,3,4,5-tetraphenyl-1-vinyl-silole, silole-derivatized SiQDs2l PL intensity
=& ZHMOICH Figure 17.01A 2 == UAX0| 450 nm®| Hl=& MES A= & &

MOIXIZH 504 nmet= &6l MZ2 A0l UELE Hds & = ULH
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i //\\ N
/ \\ // \\
] \X/ \ Si QDs
j/ \\ \ — Methylvinylsilole
[ \
[/ \ \ Silole-derivatized Si QDs

Intensity (a.u.)

400 450 500 550 600 650 700 750

Wavelength (nm)

Figure 17. PL specta of Si QDs(red), 1-Methyl-2,3,4,5-tetra
-phenyl-1-vinyl-silole(blue) and Silole-derivatized
SiQDs(green).

oot

OIIM &olg = A= A2 & &2 ALOI0I FRETE2 2otk &UACH= A0l
2 &0l dda 222 20t odst #E0l 2loi A

HSCHD HHHE O RICE 1-Methyl-2,3,4,5-tetraphenyl-1-vinyl-silole il L
SZEAelol Si QDsIF EIEI 2D HEGHKH 504 nmetes
22 A0l LEtLlE 22z B &L AMZ CdSe2l E4HuA AJI0 T

0l

& Hate BEOEH0ME UCHL ol%ZES 0ISUHA Si QDs2t  1-methyl-2,3,4,5-tetra
-phenyl-1-vinyl-silole2] BFS 0l 2HA 21 A0 HXIHA 0le4st 200 L2 242

2 S QICH Figure 18.2 Si QDs2t silole-derivatized SiQDs2l TEM 0|0/ XI 0| Ct.
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Figure 18. TEM images of A) Si QDs and B) Silole-derivatized SiQDs.

o
e

TEM =& 21 figure 18. A)UAKME EZ 2AI(JF 2-4 nm2 Si QDsE
2 JAAU2H, B)UHA EB? IIIJt 6-8 nm?! silole-derivatized SiQDsS QI
ACH Ol Z2UE L0t CdSeSHUMAXME AJII0F SItot0d figure 17.10F 20l 504 nm
o M22 IHE0| MEEACHD 2450

w
1
o o
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4. Conclusion

SHE Si QDs2 Z&AZ2 JtX LD U2H, 100 nm LHRILS| BHX|=C| LA
EdEES LI UL & IJHXe 2 ME 0126t &4 E Si QDs= BHSAIZH0
el ol MDIJF Blgte 248 o8 £ UYL, 72 hr 01F2 BHSUHAM 01
IR &P ABEHS LiEtLle AE € = UULL HR-TEMS 010t &
ANEo AJIE e 2 24 nmeles AS € = JUJULH L8 BESAIZMA OHE
AU AdNESE82 SHE 20 62%0N 85%2 Sitcte HE & 2= JUUTH
S ZEXE 0lEst FRETHFE S0t A2 22 IE g99= 10 A<
S0t MEZ& &0l UEHL= H= =02I6HRULH Ol= CdSe &f&0A2E 20l
AJ0 U2 OhE B3I UElY Hez ZoI0h AXME TEM=2 0126t 3D
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