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Abstract

Development of Naphtha Sensor Based on DBR Porous Silicon
and Fluorescence Resonance Study between Silole and Silicon

Quantum Dots

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

Graduate School of Chosun University

Chapter. 1. Development of Naphtha Sensor using DBR Porous Silicon
The key characteristics of porous silicon (PSi) is highly controllable
properties, bioactive, non-toxic waste product, superhydrophobicity, optical
properties. The porosity of the PSi is nano size. |f the pores are filled by
other substances, the effective refractive index of the mixture is increased,
resulting in a redshift of the reflectance spectrum. Volatile Organic
Compounds(VOCs) Was detected by using optical properties of the porous silicon
as sensor. In the present work, the optical behavior of DBR PSi is studied for
the future development of VOCs sensors.

Chapter 2. Silicon Quantum Dots (SiQDs) derivatized with organic fluorophore
such as siloles were successfully synthesized from the reaction of ammonium
chloride, magnesium silicide, and 1-chloro-1-methyl-2,3,4,5-tetraphenyl-silole

in DMF. Optical characterizations of SiQDs were achieved by using

- viii -

Collection @ chosun



ultraviolet-visible  (UV-Vis) and photoluminescence  (PL)  spectroscopy.
Silole-derivatized SiQDs were characterized by nuclear magnetic resonance (NMR).
SiQ0s synthesized without silole were emitted the light at 460 nm with an
excitation  wavelength  of 400 nm. The  emission  wavelength  of
1-chloro—1-methyl-2,3,4,5-tetraphenyl-silole is 500 nm with an excitation
wavelength of 360 nm. After the synthesis of Si QD/silole nanoparticles, Si
QD/silole nanoparticles were subjected to measure the PL. Detailed information

about the photoluminescence will be discussed.

_ix_
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Chapter One.
Development of Naphtha Sensor Based

on DBR Porous Silicon
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Naphtha

Gasoline

— -
Residual 28%

EE—
1% asphalt

13%
~
1% hydrogen

Figure 1. Type of naphtha through the decomposition of crude oil

LIZEl(naphtha)= B S3& Etsl+=4AE E&old S& H2ANAN 2= ARU 2EI2
(coal tar)liA 2= SFSW 22 CrYsH ItAS A Etstsa S82S Otel2ICH
Ol ARol Myl Etsta=4A SO0 It It D IO g dst 822 IJi2dle &
Helgh E00ICH. LIZElE SANAM HZMs M= 324, Sty HHZ A IOtsel
o O HIsolth, A7 Bs0lM 2 AKX LFZEH(full range naphtha)= 30° COllA
200" C AHOIOIIAl RE EtstaA H202 FHojertt ™

2 A7 0Ad= 22=S 202l Naphtha E ZFXE [ toluene, benzene, n-hexanel ==
Z=J| (vapor pressure) 2 AM2GIAD, p'-type A2I2 QOIHE 0I5 TS
DBR (Distributed Bragg Reflectors) =2 Cta34 &lel&(porous silicon, PSi) 2

g
M&ACH O34 &2 IS0 Lh=EH SI10t
HAZ A R HEgstkl H1E otALH

o
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2. Experimental Section

2.1. Materials & Instrument
2

.1.1. Materials
St Al2|E ©HZH YOIHH Lh=(nm) 3712 JI=1 Ot0I3E&(wm) A2 SM
K= Ch34 &el&Z (porous silicon, PSi)2 MG f5t04 0.008 - 0.012 Q
cm ° M& 2t2 2= p'-type(boron doped, polished on the <100>) &l2|2 SI0IHE

SAZ AIID| A8t A2EDE hydrofluoric (HF) (ACS
reagent, Aldrich) 2 &= ethanol (ACS reagent, Aldrich) 1:1 E& t
Ct. A2 <18t Etching cel 2 Teflon2@Z HASH cel IS AIEGHA |

fo

il & HZotRULCt

cid
=}
=

o
ol

2

32

= At
1, e

—+

Uy
ol

Al
D289 platinum wire € &6t D, (-)820= aluminum

2.1.2. Instrument
Ct24d Alel2s HMAEGH)| Al2H(Electrochemical Etching)2
Galvanostat (soucemeter2420) =4 AelZ2 Ocean

Optics USB-2000 spectrometer

-
|22 HEY HHo JIZ=S =30 = AEoIRUL.

=

@ HF
selution

]
. +2HF : H* .
SIF +2H" $——— ) (0]

Figure 2. Proposed mechanism in HF solution associated with porous silicon

formation.
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2.2. Experiments

2.2.1. Preparation of DBR porous silicon sample
O24 Ael29 MEZ2 I6HM p'-type (boron doped, <100>, 0.008 - 0.012 Qcm)
£ FTHlotn MIISEA AtE2 Sol MAESUCH. FIISEH A2t 8HES teflon M
&2& Bt= etching cell ALOIOI aluminum foil & & 21 0l 1.5 x 1.5 ewe Ol
£ EHIgh A2 AOoIHE ERAX A2 F O-ring € HAO0IH A0 H A2 Z2H0
MUHULX ZE= etching cel |2 ZESEICH. (H)M=2 A28 2 platinum wireg ™
2ot A2l f0IH S0 /AXAIA =018 =&otLD, ()™= aluminum foil 0l
HASH § AL Z2HZ 20 AAGIUCH. MF2 XA galvanostat (soucemeter2420)
£ 0I=5t0 80 mA/em Ol 1.2 =, 15 mA/cm Ol 8.6 =, 503 A23UCH. G334 a2
£ M&ES = E=22 MHEGHD 0t22 HAE 01800 A XoHRULCEH
T
(st s Sl (+)
Eetthiey2a)
= <—1—Ptwire
Teflon cell .
— ((::gi{::ggwafer
~Aluminum foil
Teflon cell

Figure 3. Schematic diagram of the etch cell with the counter electrode(cathode)

arranged asymmetrically, used to generate the porous silicon.
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2.2.2. Bench setup and detection of naphtha by vapor pressure

under white light
p'-type CtB4 Al2|22 NS F SHMZOAMS CHAE SR LIZE SI(0 2
St BIAtATEEH S SOIGHULH. LIZES] /2= toluene, benzene, n-hexane S At
ZotAlt. =dHlE O34 222 A0HE S+ M&EE & oo €10 YA I
optical microscopedt & =& Ocean Optics USB-2000 charge-coupled-device

spectrometerE A0l BHAHZAS AXOZ EAIZAD BIAIZAEOl S =0 @A

Ot CH. toluene, benzene, n-hexane 2| SIIE 22 334 =0 =CIGIACH. UAH &
22 220l ZSMsS UL Ol=22 JIAE flow meterOfl HZ6H UXF22l Z0H0
EHZ=AJCH. Ol 1 L/min o LA 29| =)l TE = JYT=E XHGIH =d|=

Chsd &cl2 A0IHo =0==ACH. LIZE S =
HOlM =IIS0HE 280l MHotI| ?oiM Ot=2=2 JIME =20l =0

S2 SJIE 280l MAH oFALt.

Flaw Meter

~U7

Optical Table

Figure 4. Optical bench setup for sensing using DBR PSi
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2.2.3. Wavelength shifts of DBR porous silicon for naphtha vapor
Ctsd Alc|20 HAEZZ AAIGHHA CHYs S/ LIEZEN S8 022 JIAE

£ 838 I=UA WHQ HaE =H0otAT. YAZHE 01E6HH
o =2

St 20lA flow meterE AIS
F=RACH. O & JIHSO| YR
92 LIZEe =D]120]

Ot D, LEZE &J|2 gt

010

Wavelenglfh Shift

Ineentiy Gou)

Figure 5. Detection principle mimetic diagram of naphtha vapor

2.2.4. Reproducibility as sensor under laser
S2st Os4 Alel201 400-1000 nmIbX| EHatghs BHAHZERI (Tungsten—halogen
| LASER light source (Aem = 653nm)S OI&ot0 BHAL T3S SEAIA O
£ 0Zst dA=S GtQUCH. O AEHOIA LIZEH SII1E€ =HH L3t A220HH &2

A D AZE O30 Al B2 S0t=X EQI6HALH. 012 Sofl dlA

)
3
S
(]
0
>
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3. Results and Discussion
3.1. Result of DBR porous silicon fabrication

3.1.1. Measurement of reflectivity spectra

Mp|22 Y20 e HNRHEES 0
A

o
@D
v
4
4
10
o
mo Od
0x

Sot MAGIRLH. S22 AlZE €

=dotA= [, 653nm OIA EtAb AHEHS

o
00
o
13|
T
>
0x
o

—/ O
nm SiCH.

s
d
J
fn\
=
T
=
ro
N
~

IntamAyin.a
5 w B
2 2 2 B

w
]

L]
L E [ oD ED D oo
(LB P

T ardsoxh |om)

Figure 6. Reflectivity spectrum of DBR PSi

3.1.2. Measurement of SEM image

ZEHIE PSiol SE =HS A FAIE0IB(FE-SEM)E AIETHH ALY

—

nio
JH
=)
I
vy

o BE SH0H U2 J180] 4RSS &olIot ALt

sur face cross-section

Figure 7. Surface and cross—section of SEM image of DBR PSi

{“ICollection @ chosun



3.2. Detection of naphtha vapor

3.2.1. Detection of naphtha by vapor pressure

ac/20 tetst 72 LHZE SI10F O gets 0f

NZE 0BR Ct34 PNE=PNIE=
SolQUCE. Table 12 AW MEE 222 FI| OS2 25T, latm&EHOIAN ==
S| YE =S HZ LIEHHULCH

T Vapor Pressure 250)
Toluene 26 mmHg
Benzene 80.85 mmHg
n-hexane 126.26 mmHg

Table 1. Vapor pressure of Naphtha (25 ,1 atm)

=

figure 8. OIM ZOICHAILl fresh AEHOIA  toluene, benzene, n-hexanell EIIE &
ct Ct. O]

=% 22 13nm, 23nm, 31nm & SHIIIE WA EIIECZ Olsdles A2 &0
M, SO0 =25 0 E2 IE2Q 0Is0l o= HS 2018 5= UL,

dson

non

50 b

2000

1500

IntmsiFiau.)

oon

ELI

L . . 1
L] LEL] ] 50 Bon
Waimlenpth (nm )

Figure 8. Wavelength shift of naphtha by vapor pressure
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3.2.2.Relationship between vapor pressure and wavelength shift

Ot22 JIAE 0I86tH O34 A2l30 weots LIZE SJ12 &8 L&EotH L
IEtel SJ10l [HE mIHECl 0ls0l LoesS &elotn X ML, figure 5. 2 HO0IAM
n-hexane 2| A< 22t 126.26mmHg, 63mmHg, 42mmHg 2 SJI0AM D0l EIIE %
©Z 29nm, 20nm, 17nm & Ols&=S =g = JU/UCH. Benzene 2 B A=
80.85mmHg, 40mmHg, 27mmHg 2| SII20HAM mHEOl HIIE Z2Z 21nm, 15nm, 12nm 2
Ol =otRAUCt. Toluene 2 B L 26mmHg, 13mmHg, 9mmHg 2 SII20A DIIEO0l FItE

]

i

Z2Z 11nm, 7nm, 5nm & Ols&S 20 SJ/20 2o IAEOl OlsdtH 22 M2l
tet Olsote EE gctd s &0 & = UULEH.
Naphth Vi
Naphtha i 2Py ‘Wavelength
30 Vapor Vapor Pressure Shift (nm)
* tAr gas (mmHg)
1 L/min
25 10 L/min 12620 =
— : 1 L/min
E . n-hexane e 63 20
= 20+ . 3
= 1 L/min
= " :2 L/min w2 17
5 15
= [ ] 1 L/min
Eﬂ L — - 0 L/min 80.85 21
7] u ©  Benzene i
=z + 1 L/min
; 10 | + Toduene Benzene -1 L/min 40 15
= . 1 Limin "
:2 L/min = 12
St e G
1 L/min
: 0 L/min A L
0 L I I L L L ] :
0 20 4 60 8 100 120 140 Tolene LMD 13 7
11 L/min
Vapor Pressure (nmHg)
1 L/min
:2 L/min 2 3

Figure 9. Relationship between vapor pressure and wavelength shift
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3.3. Reproducibility as sensor

3.3.1. Reproducibility as sensor under laser
diOIME Ol=Zdll H&EE 24 Aci20 22 LAIGHA &/™ 653nmel S EHM Bt

AbEl T3 2 653nmel 01Kl 2ol L3I L= AFEGH X 1)

=l

=ZotHl €O OI2ZM

0= 0128 Bt2s 22X & £ AL SJl= 1 Lnin 522 EAFTAU2H HAIL
SO0 et 2ot MIIE TOGE2 = = AL 0] & E0AM 20X HE N2 S
JIE E0H=F=MH Aot LA SJ12 K2 IHGHH Al FA4EZ S0t M2
M AFE2E Al THAIE IR E oIt A A 8 AE0IRLD Figure 10. OIA ZCHAIT bbt
2 JAEZE S0te A2 =0 & = AULH
Toluene Benzene n-hexane
4500 g 4500 Sy 4500 et
4000 4000 | 4000 |
3500 3500 | 5 3500
=) 3 <
3 3000 2 3000 & 3000
¥ g £
£ 2500 £ 2300 & 2500
& L
2000 2000 | 2000 |
1500 1500 | 1500 |
1000 1000 1000
0 20 40 60 S0 100 0 10 20 30 40 50 60 70 SO 0 10 20 30 40 50 60 70 S0
Time (sec) Time (sec) Time (sex)

Figure 10. Reproducibility as sensor under Laser
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Chapter Two.
Fluorescence Resonance Study between

Silole and Silicon Quantum Dots
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2. Experimental Section

2.1. Generals

2 A2 standard vacuum line Schlenk techniqueES AIEGIUSH stef=2l &4
Ot22 JIH =2RAJI0A 2HotALCH. A0 AHESH A=, Diphenylacetylene,
Lithium wire, Methyltrichlorosilane, Magnesium silicide, 21 2 Al2&& Aldrich
@t Alfa AesarOilA T3t ALZ GIACH. E0ile ot=22 JtA 2LIDJI0lA sodium /
benzophenone 2t &H 24A12t Ol4 B& A2l & 292 Tetrahydrofuran 2t
Diethylether, n-Hexane SZ AIEoIULt. &Z& =H Al MEE= S0 THF =
Fisher AtSl HPLC gradeE —&ot0 EXM 8101 AtEsStULH. ste=Ee 2 242
Bruker AC-300 MHz spectrometer (1H NMR, 300.1 MHz) e

=
chloroform-d = o2 SO CaH2 2 WEHAIHA =22 HHGIH AIREIQUCEH.

ro

nio
=)

2.2. Synthesis of silole compounds

2.2.1. Synthesis of 1-chloro—-1-methyl|-2,3,4,5-tetraphenyl-silole

Diphenylacetylene (17.8 g, 0.1 mol)S dried diethylether (120 mL)0Oll W B'S ot
O =012 Lithium wire (1.39 g, 0.2 mol)S =ICHEH SFH ZetA EIIEHCH. 0 2H
(o]

£ 2AIHE S WBIGHH RMO| ZoH0| Xt LMoz BEL, W HHO H IS
LA salt D MD|H MK HAE 0188t -197C 2Z0A 02d = Leltt. 0
M AL BIIE XHol)| 2ol ol22 HAS SE0FHAM DHIS AIRICH EXHE OF
3t 8 = methyltrichlorosilane (12 mL, 0.2 mol)S &l2lXIZ F IO &It &2
OZ ZCIHA WL, BE20| AR02 =00 HEM 2ogs AdAg 4 QU]
Ol A& BESHCEH, Bt 2 Elles 2 Sl SZAl

J
0 Ol
J

o AEHONA 12A12F 1
(
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2 n-hexane @2 =Xl M= = 22 ol0l &0 n-hexane 2 S Al2|212 AT Al
H =Mool HAMEHOZ = 1{-chloro-1-methyl-2,3,4,5-tetraphenyl-silole & &5 %
QUL &=l MHAS2 1H-NMR spectroscopy = Ol=2ot0 &H0I6HLCEH.

2.2.2. Synthesis of 1-hyroxy-1-methyl-2,3,4,5-tetraphenyl-silole
BtS D10l dropping funnel 2 &XISHL) sodium bicarbonate (2 g, 4.6 mmol) & 1
ot 2 Stol HAXZAIZICH of22 JtA X8 § 8= (10 nb) E FLotn
sodium bicarbonate £ &&3ol =CQICt. BF2II0l ice bath & &XI8t = dried

diethylether (40 mL) Z=gI8tC}.
CtEg Bt38J10l= 1-chloro-1-methyl-2,3,4,5-tetraphenyl-silole (2 g) 8 €1 10
otol HAZAIZICH Ot2= JtA X8 = BHESDII0l dried tetrahydrofuran
(30 mL) & L6t 1-chloro-1-methy|-2,3,4,5-tetraphenyl-silole & &&3| =2l

=, cannula € 0I8ot S0 ==X 22 ™ 0lcl #XIoHE dropping funnel 2
=3

s2ICH. 0] S H& &S sodium bicarbonate JI 26l TIU= dreid diethylether 2F
=54 S82 2 A 02 I SELUSICH. £ 22 = jce bath & MXHotD At
20 2ot KIS0 MgS04 E =Dt

> 28 =,

= HECL. =28 ZUIIE 0I80tH s & 2
of &0 =22 MH = Filter ({0t AI2ICH. OE SHES 2 otol A AI9IH
M MA= 1-hyroxy-1-methy|-2,3,4,5-tetraphenyl-silole & &€=+ ULt &4

A2 1H-NMR spectroscopy & 0|20l &QI5IFLCEH.

>.
[l

0z K

2.2.3. Synthesis of 1-methyl-1-(1-methyl-2,3,4,5-tetraphenyl-silol

-1-y1)oxy-2,3,4,5-tetraphenyl-silole
1-chloro-1-methyl1-2,3,4,5-tetraphenyl-silole ( 0.25 g) 2 &SI <21
Evaportation AI2ICt. tetrahydrofuran (15 mL) O &30 wBHAI2ICE.
Ct2 BrSJI0l tetrahydrofuran (15 mL) Ol Water (0.01 g), triethylamine (0.12 g)
o

20 wgtet F AelXIE 0/Eot0 silole 0 8AHAJE EtSII0 &5l =Yetlt.

IJ o

23] overnight BrEstLt.
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Ct

lo
ro

= HI2= 2 evaporation S dried diethylether (1000

=
Evaporation St F n-hexanel =z BIS=E2 EHZEL. =SE

=
=
O powder € €2 %= ULS.

2.3. Synthesis of silicon quantum dots

2.3.1. synthesis of silicon quantum dots (solvent DMF)

3-neck round flask Ol reflux condencor € HZ3l1] heating mantle 2 &

L) ol ere=

m
Ct. Water (300 mL)2 Work up S A AlGtD MgS04 £ 0|26t =25 HMIHSHCH. CHA|
o 2 0.6

nio
i
e

e
4n
=

XIStCt.

BEZD| 0l magnesium silicide (1.38 g, 0.018 mmol) 2 ammonium chloride (0.58 g,
I

0.011 mmol) & 21 1020tz 2 Gt A=A
=

(OMF) Of EMdt= &AE MG IS0 OF

2ICH. =0HQ! dimethyl formamide

= JtA GH0A 22X 2 Sozs

(Aldrich, anhydrous)UlAl &6t LD 822 5 Xtell BH=0ol0 degassing 2 & AlSt
S Pyrex EJ10 €0A &B2=2 Bt = 0l22 JtAZ XI&6tH Z=HIHCH BHSD|
E ot22 JtAz X[&8s £ 0t &&ES| Ot220] =LSH ZHOIULCH. =HIE DMF
(40 mL) 2 AlelX=z =S, 22 0tHA heating mantle 2 &5 153C & 103
et §l 3¢ =¢ot BtESE NSO, BtS0l SZE S heating mantle=S MIHGHLD water
bathE O0IE0t0 el A4=222 HAAAEFLH BHES20| 420 fH ESEHS U
CAXE MFSHH 2= = U
H w HH

Siﬂg + = IL;’CIH 150°C X : HH

|| | DMF H

Mg H H 4 H

Mg,Si NH,C1 Si QDs

Scheme 1. Synthesis of SiQDs
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2.3.2. One-Pot synthesis of silicon quantum dots / silo

(]

S
3-neck round flask Ol SFW2IIE HAZGILD heating mantle 2 & XI8tCH. Bt

Ol magnesium silicide (1.38 g, 18 mmol) 2t ammonium chloride

FOIl AZXAIZ2ICH. 202 dimethylformaminde 2 =Mot=

Io
o]

0 2 ¥
=}
I
I

A5 M6
}

A GHOIM 242 2 Es2EE (Aldrich, anhydrous)OlA S&FoHR D
Z 5 Xtel Bt=5t0 degassing 2 AAIS § EAIN E0HA A2 O
Or22 JIAZ X8ttt =HIFUCEH. BHEIIE o222 JtAZ X&8ts = ol A
=20 FUDH ZHSIRUCE. =HIE dimethylformaminde (40 mL) 2 &llXz =
Ct. 8 SF0tHA heating mantle 2 & E 153C 2 1D&ESH F 32 SO ¢E2
MUCH., BtS0l BZEZH heating mantleS MI{GtLD water bathE OIS0t THE
202 HWAAIAHAECH BIE20| 420 HH ESSHO LIRS MH oY
UCE.

Scheme 2. Synthesis of SiQDs / silole
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0.39 g, 7 mmol

(0
1—chloro—1-methy|-2,3,4,5-tetraphenyl-silole (1.58 g, 4 mmol) & Y1 102
A



3. Results and Discussion

3.1. Preparation of silole compound

3.1.1. Synthesis of 1-chloro-1-methyl-2,3,4,5-tetraphenyl-silole

<Compound 1>

:1-chloro—-1-methyl-2,3,4,5-tetraphenyl-silole

Formuda Wikiatt : 178 23011 ’/
Exacthass : 178 07325032 1(4) ether ©_< Q
Formmda : . Hig

2
Cr=>a (0

Methylrichlorasilans

-196°C Formmua Wisight : 435 06(1)
Evacthass : 434 12575408741
Formda : CxHaCISi
Scheme 3

. Synthesis of Compound 1.

1-chloro-1-methy|-2,3,4,5-tetraphenyl-silole 2 <2/ Scheme 1. I} &2 &
Z Aot} TH ol2std &EJ| HEJIQ 222010 &

=
Mg €l +SES

=S8 70%=2 LIEtECH. 0l

10

. methyltrichlorosilane 2

silole2 4ot 12,
Sc

m

_|H ﬂJl

stdE silole2

&t
o grsae

il

heme 1.0 LIEFLHRUALCEH.
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3.1.2. Synthesis of 1-hyroxy-1-methyl-2,3,4,5-tetraphenyl-silole

<Compound 2>

. 1-hyroxy—-1-methy|-2,3,4,5-tetraphenyl-silole

NaHCO; Me=" SOH Q

Formula Weight : 435.0302) 0cT Formuls Weight @ 4168 5802
ExactMaszs: 434 .12575498(4) Exact Mass: 416.15964192(1)
Faormula : C oH CIS Formula ; CagH, 08I

Scheme 4. Synthesis of Compound 2.

siloledt SiQDs2l BFS &= silole0] SiQDs2t BHEoHA &1 2 JIL==26HotH 2
ZZJ|JF OHJ12 Biols 22 dlatst 2012 26t NWR T2 2| <ot st
Ct. A& Compound 1. Ol sodium bicarbonateE 0|&0td S AIMCH. 0 &M BISA

2 Scheme 2.0 LIEFHLHRALCE.
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3.1.3. Synthesis of 1-methyl-1-(1-methyl|-2,3,4,5-tetraphenyl-silol
-1-yl)oxy-2,3,4,5-tetraphenyl-silole

<Compound 3>
:1-methyl-1-(1-methy1-2,3,4,5-tetraphenyl-silol-1-yl)oxy-2,3,4,5-tetraphenyl

-silole

Forrmula Wikight : 815 1605)
BEacthiass: 814308719162

Fomula Weight : 416.58(2) TEA Formuda - CosHln 5ic

ExadMazz: 416159641 92(1)
Fanmula : CagHa 050

Scheme 5. Synthesis of Compound 3.

SAMO| powder E €2 £ ULH. 0 4 BFE A2 Scheme

fop
o
Q@

=)
N
K%
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3.2. PL spectrum data
3.2.1. Silicon quantum dots PL data
Si QDs

1000
800 ¢ — SiQD
ERE
L
3
E 400 |
200
] . . . — i
400 450 200 220 600 650 0
Waveength (nm)
Figure 11. PL spectrum of SiQDs
Si Qbs € &4&st = PL spectrum 2 =&st Z1, 460nm 2| ISSUH A Ttehad
£ ot XS =O2IoIULE.
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3.2.2. Silole PL data

Silole

1000 -

800

Intensity (a.u.)

200 -

0 1 1 1 1 I
400 450 S00 S50 600 650 700
Wavelength (nm)

Figure 12. PL spectrum of Silole

Silole 2 &A&st = PL spectrum 2 S&st 210, 500nm 2 SY0AM =44 222
ot= A2 =oAL
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4., Conclusion

diphenylacetylene ni; methyltrichlorosilane £ BtS AIA
1-chloro-1-methy|-2,3,4,5-tetraphenyl-silole & 22 == URJUCt. 0.85 ppmUHIA
methylJl 2 40| ZHASS &g = UAUL.
1-hyroxy—-1-methyl-2,3,4,5-tetraphenyl-silole = sodium bicarbonate 2t EtSSIXH

=2 A
g = AU,

1-methy |-1-(1-methy|-2,3,4,5-tetrapheny |-silol-1-yl)oxy-2,3,4,5-tetrapheny|-si
lole = 1-chloro-1-methyl-2,3,4,5-tetraphenyl-silole 1t triethylamine & 0|&0dt
0 silole compound & &2 %= UACH. 0l silole & PL AHEHZS Soll 500nm 2
=S4 AANA L2ES SO g = U

SiQDs 2 magnesium silicide 2 ammonium chloride = DMF SHOIAl & & £ UU

©M 460nm o Itetd SH0AM 2Ees =2l & &= UL
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6. Appendix
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figure 13. 'H-NMR spectra of Compound 1.
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figure 14. 'H-NMR spectra of Compound 2.
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