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Chapter One.
Synthesis and Characterization of Bis(triptycene)metallafluorene

Derivatives for Explosive Sensor

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

Graduate School of Chosun University

Abstract

The synthesis, spectroscopic characterization, and fluorescence quenching efficiencies of
Metallafluorene is reported. The synthesized compounds were characterized by 1H and
13C NMR spectroscopy. Absorption and emission spectra for these compounds were
obtained by using UV-Visible and fluorescence spectroscopy in solution. Their emission
behaviors and quantum yield for these compounds were investigated both in the solid
and colloid state. Our results indicated that both compounds were used as the
chemosensor to detect nitroamines, (1,3,5-trinitroperhydro -1,3,5-triazine, RDX),
nitroaromatics (1,3,5-trinitrotoluene, TNT), and nitrate esters (PETN). The detection
efficiency results shown that both compounds were served as the chemosensors and
other metallafluorene derivatives were synthesized and their photonic behaviour were

investigated.
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In addition, the reflection band characteristics of distributed Bragg reflector porous
silicon (PSi) and the effect of an etching time for the formation of Bragg photonic
structure were investigated. DBR PSi having the photonic structure of a Bragg filter
was generated by applying a computer generated square current density waveform. The
multilayered photonic crystals of DBR PSi exhibited the reflection of a specific
wavelength with high reflectivity in the optical reflectivity spectrum. This reflective
wavelength was controlled by tuning of etching time and appeared anywhere in the
visible range depending on the square waveform. These results demonstrate for the
fabrication of specific reflectors or filters in full color. The effect of square current
density waveform for the formation of DBR PSi was investigated. The reflection band
of DBR PSi shifted to longer wavelength by about 150 nm as the etching time of low
current increased. The reflection band characteristics of 16 DBR PSi samples according
to the change of square current density waveform were investigated. DBR PSi exhibited
a linear dependence between the reflection wavelengths and the square current density

profile.
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2. Experimental

2.1. Generals

2 AES0AM AIE2Z = 1,4-dibromobenzene, n-Buli, anthracene, iron bromide,
bromine, germaniumdioxide, dichloromethylsilane S& Aldrich®?t Flukadl A &3t
ANE GHLCE 0 MMYES 0188 &4 2 standard vacuum linedt OtE2E2 JtA 29
JI0A & GtRCH E0= O0t2=2 JtA 29III10lA  sodium/benzophenone 2+
24A12F Ol& &2 A2l & 22| THF2 diethyl ether, hexane, toluene S Al
AULCH s 53 A AI2HE 20HQ THF2' Toluene® Fisher 3t83|AMOIA HPLC
gardeE P S CE =Xl 80l AEotAL S& AHEHE UV-vis
spectrometer(UV-2401 PC, Shimazu)E O0I&0t0d ZRUCH FT-IR AEEHZ diffuse
reflectance (Spectra-Tech diffuse reflectance attachment)2f4!2 0230 Nicolet model
57002 O0I8dl6d =& GtALL. SIS FX A4S Bruker AC-300 MHz
spectrometer(IH NMR, 300.1 MHz 1t 13C NMR 2| 75 MHz)£ O0|&3dt0{ ULt
NMR &0 chloroform-d= GtF St CaH2Z WBHAIHA &R =2 MO AtE

FRCH NMR IOl3°2 3t&tA 0|S2 part per million (8§ ppm)2Z L HXIH ECH.
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2.2. All analysis material preparation

2.2.1. Fabrication of RDX Solution 10 ppm

Aldridh =% 95% Hexamethylenetetramine & +3le] 24ty g7 3HAdekql o,
THF+ FisherAt®] HPLC garde 99% AF& 3lo] th& $32 §lo] REX 10 mgs
THF 100 mLol|l 5] 100 ppmo.2 A% 3FATE AZ=E 100 ppm 5% &4L 10
mL 3] thA] THF 100 mLo] H718le] 10 ppm 552 H3 A AFE 819t

2.2.2. Fabrication of PETN Solution 10 ppm
Aldridh =% 95% Pentaerythritol 2 30 &AL &JH &4 SIA2H 2.10M

Jlzst U8l S2LSHH 10ppmel Solution2 Ml A SHUCEH

i

2.2.3. Fabrication of TNT Solution 10 ppm

2tel tF HEE RN AFESIE &A1 @0 e A2 A0A

AEAAM KM Edott AFE ot AL

s wek X0 ZXle S2tAI0 == DNT 3g, H2SO4 22ml, HNO3 6mlE 2t

2t E&06t0 Hot PlateS 0l E0t0 900C = AIEH Ct& 3h JtE 8HCE O GhsS0l &

240C & =XIGtK Overnight(12 h 0l&h) &tCh OIEH 2t= 0] =S SF=
&

50mlE Y2 AI2I 210 €= Os 22IJ1E 01856t0 Filtering ot

OF Aba!l OF& 20| DNTIF Z=IHGHI |0l methanoltl SaoHAIZ! CISOl WS 2261
o 283 Al2! CH30ll Schlenk-line2 0|23t Sucktion &2 HAH == TNT ¢
SHHED 2% Y20l O3 OS2 TLC 2 NMRSE Edll =2 TNTS &0l ot

ppm SE2 %F = US UAl 10 mLE &2l XE 0/&dl &t CIS THF 100 mL
o #EItot 10 ppm s&=&2 23 F=RAUCH
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2.3. Synthesis

2.3.1. Preparation of 1,2,4,5-tetrabromobenzene 1

1,4-dibromobenzene (150 g, 0.64 mol)E Ot=2JtA  StOIAM  dried carbon
tetrachloride (800 mL)IAl WESIH 2&G| =0 = S BIS &Jl= oil bathE 0|
25t & E 50-60 CTIt &/ ™H bromineE dropping funnel2 O|E35t0 1-2A12F S02F
HH5| &EIF 6t =CF. bromine0l CF HIIEH 2&5 70-75 THAl 22l US 12
A2E Ol& reflux AIHAECH BIESEEE2 5 &5 &=222 EJH & U3 20%

Na2So3 84 (1000 mL)E SIS AAISHL SSHEH0| B SHo M2 0
WS CCH4 (100 mL) It WEt = LI WY, HHS & 22, Solid=
2 226t =L CCl4 = MgSO4E ALZotH & == HA AAHAE =
Ell=s 2% StiM SZAIA HMAH = Solidet E&GHM Toluene (250 mL)E
Jtotd 30 & Reflux A2 TS 0 C 320N 52 5 FHA wb AIHAE
Ct. & & & 1,2,4,5-tetrabromobenzene] +=SE2 80% ULOH 0] =& 1H NMRSt
13C NMR spectroscopy= Ol E ot &QIGHCE ITH NMR (300 MHz, CDCL3) d 7.86
(s, 2H), 13C NMR (75 MHz, CDCL3) d 137.28, 124.40.

2.3.2. Preparation of 2,3-dibromotriptycene 2
1,2,4,5-tetrabromobenzene (30 g, 0.076 mol) I} anthracene (15 g, 0.084 mol)= ZEct

A0 #IF st G2 0t=22 JtA SHOIA dried toluene (900 mL)E & Itot0! w8k
ANIIHMN 2HSHH sHELCH B8 &420M FAJIE 0180t n-BuLi (45.6 mL
0.084 mol) Fot0| dropping funnel 0ff €1 &FJ| B CHECh PHSEHO A2

2 22 =M0M MAol 2ZMe=x o =0 1O = 12 Al

s
O
e
kJ
e
=

Z(} B2 =2 5 diethyl ether (100 mL)E &JI5tD H20 (1000 mL)& Al = 5L}
BtES A2l 40| HRGHH EXHE O2 2UHE SHs 22 SN SZAA A
HAIZICL cyclohexane2 & =¢I = MIIEOHE cyclohexaneS AtEot] NFHNCZ
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gd RIS

o

sillica gelS AIE6I0 2AHO=Z E2IsHC ZEOZ A&
(cyclohexane)E HMIJHoHH Lt DXHE 2=Ch acetone(400 mL)ES & IISHN
g5t Os d2r AlAA B2 BtAl 22 anthracene= MHSHM =Ch. anthraceneO|
x

2HEOHH MAE WM A HelH 2H=o6t =0 0 BtS anthraceneS ZEZ M A

A& 2,3-dibromotriptycene®] +=SE2 60% A2MH 0 &S 1H NMR2 13C
NMRspectroscopy= O0|Z3dt0 EOIGHAUCH. 1H NMR (300 MHz, CDCL3) d 7.62 (s,
2H), 738 (dd, J= 5.3, 3.2, 4H), 7.02 (dd, J= 5.4, 3.2, 4H), 5.36 (s, 2H), 13C NMR
(75 MHz, CDCL3) d 146.54, 144.32, 128.84, 125.82, 124.04, 120.77, 53.16.

2.3.3. Preparation of 2,2-dibromobitriptycene 3
2,2-dibromotriptycene (10 g, 0.024 mol) OF22 JtA GHOIAl dried tetrahydro furan

(150 mL)S &Jtotl) WEtotH 28ol =0 & OS 28S ZJIE Dry ice bathS

tOd

ol

0l&5t0d -78 T & =1 A2IXE 0/E0t0 n-BuLi (8 mL, 0.024 mol)S F
MA3Sl EI otLH BIESEHo M2 LMol Z M)
IS AIZE2 n-BuLiOl Ch EIE OIS 2
HASH = 4201 € M MK S2EE 2 FUHA 4AI2 SeF WEHAIF Z=C BtS
T F FEL HHE 2 StUM SLAIA MAH & = hexane(100 mL)E It6HL)
AMAHA =H E2 et MHd2s 2= = UL HE 2,2-dibromobitriptycene
O #5E2 65% U2H 0| &2 1H NMRS2H 13C NMRspectroscopy=S 0| & 5t
SOIGHCH 1H NMR (300 MHz, CDCL3) d 7.62 (s, 4H), 7.44-7.32 (m, 8H),
7.06-6.96 (m, 8H), 5.36 (d, J= 26.1, 4H), 13C NMR (75 MHz, CDCL3) d 146.45,
144.56, 138.39, 128.61, 126.62, 125.36, 123.72, 119.34, 54.72, 53.96.
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2.3.4. Preparation of 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene 4
2,2-dibromobitriptycene (10 g, 0.015 mol)S Ot=2= JtAGHUHI Al dried tetrahydro furan
(150 mL)S &Jtoty) WBtotH 28ol =0 & C

0l0

BtE ZJIE Dry ice baths

Ol23tl -718 C 2 255 ZFH & = A2 XE 0/E6tH n-BuLi (18.8 mL, 0.030
mol)E FotH AAGI It otULCLH BtSS A2 & WEH 8 = Dry ice bathE
HAGHD &R222 2EE SHFA DH LZMol ZHO| &Lt 0 = A=20M 4
ANZb & O WBt AIHFLD XS HH 24LE 0I20

tOd -197 COHIA 302 B
2MBHAH EHAFCE 1 CHS dichlorodiphenylsilane (3.15 mL, 0.015 mol)2 & JI8tCt

b = 250t 4201 2 WK 2E2 2 FHA wEHetCh &4201A 4A12
BT O gtsS A2 Us 32E HME 2 ook S2 AMHAE US hexane2
£ Mcl ot Ao MEd=sS =0k 018 4 822 =S8=2 70% A

©M IH-NMR 3t 13C-NMR spectroscopyS OIEG6tH =CIGHALCE 1H NMR (300
MHz, CDCL3) d 7.86 (s, 1H), 7.63 (s, 1H), 7.53 (dd, J = 7.9, 1.4 Hz, 2H), 7.46-7.20
(m, 9H), 7.04-6.94 (m,5H), 5.41 (d, J = 21.6 Hz, 2H), 13C NMR (75 MHz, CDCL3)
d 148.09 (s), 146.66 (s), 145.75-144.09 (m), 135.64 (s), 13293 (d, J = 12.5 Hz),
130.02 (s), 128.30 (d, J = 40.6 Hz), 12525 (d, J = 3.0 Hz), 123.69 (d, J = 3.0 Hz),
116.70 (s), 54.24 (d, J = 59.0 Hz); UV: abs = 313.5 nm, € = 18228 L-cmlmoll;

Fluorescence: em = 376 nm at ex = 316 nm, flu = 0.273.

2.3.5. Preparation of 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene 5
2,2-dibromobitriptycene (10 g, 0.015 mol)S Ot== JtAGCHNI Al dried tetrahydro furan

(150 mL)S &Jtot) wPtotH 2&8sl =0 & U3 S EJIE Dry ice bathE

mol)E FotH MAGI It ofRACH BtSS 3AI2E @& WEt & = Dry ice bathE
HHot 422z 228 == D8 242 SN0l =0 0 = &4=20AH 4
A2t 5 O wBt AlHAFLD SRE AN 248 0186t -197 COHA 302 E=

2MSHH Led=Ch 1 2 dichlorodimethylsilane (1.8 mL, 0.015 mol)S & JtStC}.

_10_



Min Woo Hwang — M.S Thesis
Chosun_University, Department of Chemistry

ot = 250t 4201 2 WK 2E2 2 A wWBHetCh &=201A 4A12
BT O gts=S A2 US 32d HME 2 ook S2 AMAE US hexane2
£ Xl ot et dd=s =0 018 gdeE d48=22 =S82 69%

LM 1H-NMR 3t 13C-NMR spectroscopyE O|Z0t =QISHALH 1H NMR (300
MHz, CDCL3) d 7.79 (s, 1H), 7.52 (s, 1H), 7.44-7.32 (m, 5H), 6.99(dd, J = 5.3, 3.2
Hz, 5H), 541 (d, J = 10.3 Hz, 2H), 0.25 (s, 3H), 13C NMR (75 MHz, CDCL3) d
147.49 (s), 146.07-144.63 (m), 143.96 (s), 136.11 (s), 127.55 (s),125.24 (d, J = 5.0

Hz), 123.61 (d, ] = 5.3 Hz), 11632 (s), 54.23 (d, J = 52.7 Hz), -3.40 (s); UV: abs

311 nm, € = 22066 L-cmlmoll; Fluorescence: em = 381 nm at ex = 315 nm, flu

0.263.

2.3.6. Preparation of 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene 6
2,2-dibromobiphenyl (10 g, 0.015 mol)S Ot=2= JtAGHO Al dried tetrahydro furan
(150 mL)S &Jtoty) WBtotH 2&8ol =0 & O3 BtE EJIE Dry ice bathE
0I5t -718 T 2 25 ®H & = &elXIE 0/E0t0 n-BuLi (18.8 mL, 0.030
mol)E FotH AAGI EIt otULLH BtSS 3AI2H & WEH 8 = Dry ice bathS
HAGHD &R222 2EE SHFH DX LZMol MOl &Lt 0 = A=20M 4
A2 EE O WEAIA =10 SEHS A E2AE 0/E6tH -197 CTUHA 302 %
dichloromethylsilane (1.6 mL, 0.015 mol)S &J&tCt. &
b = 4200 2 K 252 Sd =8A Wk sthh a20lA 4A12F 2= O
BISE A2l OIS 32 HHE 2 SN L AMHZE CS hexaneR =2 X el
ot etMo dMA=SsS =0 08 gdeE dA=22 =S82 65% A2
IH-NMR 1} 13C-NMR spectroscopyS O|Z0t0d =CIotALCE 1H NMR (300 MHz,
CDCI3) d 7.82 (s, 1H), 7.59 (s, 1H), 737 (td, J = 4.9, 2.4 Hz, 8H), 6.98 (dt, J = 5.5,

2.2 Hz, 7H), 542 (d, J = 99 Hz, 3H), 462 (d, J = 3.9 Hz, 1H), 0.35 (d, J = 3.9

_11_
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Hz, 2H), 13C NMR (75 MHz, CDCI3) d 147.75 (s), 146.18 (s), 145.59 - 144.46 (m),
143.98 (s), 132.65 (s),128.04 (s), 125.09 (d, J = 6.8 Hz), 123.42 (s), 116.34 (s), 54.11
(d, J = 57.2 Hz); UV: abs = 310.5 nm, € = 16101 L-cmlmoll; Fluorescence: em =
380 nm at ex = 317 nm, flu = 0.261.

2.3.7. Preparation of 1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene 7
2,2-dibromobiphenyl (10 g, 0.015 mol)S Ot=2= JtAGHN Al dried tetrahydro furan
(150 mL)= &Jtot) wetotH 283l s & U2 'S &JIE Dry ice bathE
0I86tH -718 T 2 25 ¥H & = &elXIE 0/E0t0 n-BuLi (18.8 mL, 0.030
mol)E FotH AAGI It otULLH BtSS 3AI2H & WEH 8 = Dry ice bathS
Moot &=z 28 SHFH ZEH 2o M0l =0
A EE O WEAIA =10 EHS A E2AE 0/E6tH -197 CTUHA 302 E%
mol)S HII&tC &It
M 4AI2E B O B
22 SN BY AMHZE ChS hexane@ 2 X2l &t
gtao] MHES =0k 018 ddE dd=22 =S82 93% OICH =
A2l = 11-ch10r0hydr0-4589-bis(triptycene)silaﬂuorene (8.5 g, 0.015 mol)= Ot
JFAGHUIAl dried tetrahydrofuran(100 mL)S & JI6t) wBHolH 283 =0 =
20N A8lXIE 01800 LiAlH4 (3.7 mL, 0.004 mol)& Fot0d MASl &It
. BtEs =k ME 22 otolAd S Al
Ct2 hexane2Z2 HM2IotH LetMo] MHE==2 =0 012N MY M
2 73% {20 1H-NMR 1 13C-NMR spectroscopyS O Z 50
H NMR (300 MHz, CDCL3) d 7.85 (s, 1H), 7.66 (s, 1H), 7.38 (dd, J = 8.2, 4.8 Hz,
SH), 7.24 (d, ] = 1.1 Hz, 1H), 6.98 (ddd, J = 5.4, 3.2, 1.0 Hz, 6H), 543 (d, J = 9.5
Hz, 2H), 4.52 (s, 1H), 13C NMR (75 MHz, CDCI3) d 14831 (s), 147.20 (s), 14527 -
143.93 (m), 128.59 (d, J = 39.3 Hz), 12527 (d, J = 84 Hz), 123.58 (s), 116.75 (s),
5420 (d, J = 61.0 Hz); UV: abs = 312 nm, € = 17646 L-cmlmoll; Fluorescence: em
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= 383 nm at ex = 315 nm, flu = 0.254.

2.3.8. Preparation of 2,2-dibromobiphenyl 8

1,2-dibromobenzene (24 g, 0.1 mol)S = JtA GHOIA dried tetrahydrofuran (250
mL)0fl WEHoIHH 2835 =HECH B2 EJ|E Dry ice bath £ AFE0t1) n-BuLi
|St0d dropping funnelOll &It & CtS & &S| BtS AIZLCH BF

=2 =
= TI
ol MZS @2 LRIMA NGl HEAO

T T/ —

SYAIHA HAHE Z(rotavap) HIEISS AIEGHH oI MEESES S

HZ2E hexane (50 mL) &I} £ {U6t0 M ESH £ hexane 22 33 H Al
X3t Z=Ch 1H NMR2H 13C NMRspectroscopy=S 0| 23+0] & QI5HRUCH 1H- NMR
(300 MHz, CDCL3) d 7.67 (d, 2H), 7.45 (d, 2H), 7.34 (d, 2H), 7.28 (d, 2H), 13C
NMR (75 MHz, CDCL3) d 131.84, 128.32, 126.37, 125.49.

ﬂH

2.3.9. Preparation of 1,1-methylhydro-1-silafluorene 9
2,2-dibromobiphenyl (5 g, 0.016 mol)= 2= JtA GO A dried diethyl ether (120
=]

mL)OlA wWtotH 2M5| s & U2 88 EJIE Dry ice bathE 0|0t -78
C & 258 ZF & & 4A2lXE 0/26t0 n-BuLi (20 mL, 0.032 mo)E F6t0
MA3l &It otCH BtSE 3AI12F 8% Wbt & = Dry ice bath & HIJ{ot1) A2
2 2EE ST HH LYZMol ZHO| EC 0 & A420AM 44128 EE O
wWeAAFD EXNS M EAE 0I85t0 -197 COHA 302 & NG LA

ZCh 1 CtSdichloromethylsilane (1.65 mL, 0.016mol)= &JISICH &I & A2 0|

o
2 MK 22 22 FOA DO BICH AN BHS HI LM SUOR

A

_13_
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o]
=

ro

et MHEg2 22 ollA A AIZICE 1H NMR2 13C NMR
spectroscopyS 01 &3t & QIGHACEH 1H- NMR (300 MHz, CDCL3) d 7.82 (d, 2H),
7.61 (d, 2H), 7.44 (t3H), 7.24 (t, 3H), 0.44 (s, 3H), 13C NMR (75 MHz, CDCL3) d
147.77, 138.90, 131.86, 130.15, 127.65, 120.79, 1.02.

2.3.10. Preparation of 1,1-dimethyl-1-silafluorene 10

1,1-dimethyl-1-silafluorene2| & ZHZ 2.2.12.0i
SR dichlorodimethylsilane (2 mL, 0.016 mol)= & =
A2 211.01 D=8 2N =2otH, gd= MHZ2Q 1,1-dimethylsilafluorene
IH-NMR 1} 13C-NMR  spectroscopyS Ol Z6tH = QIGHALH. 1H- NMR (300 MHz,
CDCL3) d 7.82 (d, 2H), 7.61 (d, 2H), 7.44 (t3H), 7.24 (t, 3H), 0.44 (s, 3H), 13C
NMR (75 MHz, CDCL3) d 147.77, 138.90, 131.86, 130.15, 127.65, 120.79, 1.02.

2.2.13. Preparation of 1,1-dimethyl-1-silafluorene 14

1,1-dimethyl-1-silafluorene®| & ZLHZ 2.2.12.01
SR dichlorodimethylsilane (2 mL, 0.016 mol)= &
A2 2.11.0 Jl=st 2y =20otH, 48 MAHEZQ! 1,1-dimethylsilafluorene=
'H-.NMR I} "C-NMR spectroscopy2 O|25t0{ =I5t CH 'H- NMR (300 MHz,
CDCL;) & 7.82 (d, 2H), 7.61 (d, 2H), 7.44 (t3H), 7.24 (1, 3H), 0.44 (s, 3H), °

NMR (75 MHz, CDCL;) & 147.77, 138.90, 131.86, 130.15, 127.65, 120.79, 1.02.

_14_
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3. Results and Discussion

3.1. Research of Sensor and Photoluminescence materials

22 ZL20 2 HeHOF 8 MAHAESZ PRl LD JA2H 012 SA &

A & = UAs HMA2 W0l ZSQAl D0 JUCH Sdl =ZL29 EFO

TNT(trinitrotoluene)2| 2 Xl= MIT2| Swager AE0WM II-I1 Z2&S dIEGHA &

T EAE A= pentipycene U= A 2SS Lo SSHEHMHEN SE D

1 ZUCH OIE HIE2Z SHE iptycene metallafluorene= 7|

E S8 24 W cavity E 4ol 2HASE S0l SHA2ZM 0l

2 = A= SEHQ 2 XHAH A HAZH ME22 tet=0lct
= =28 =2=5YZ2(IED)Z MEE= RDX(cyclo-trimethylenet

rinitramine), PETN(pentaerythritoltetranitrate) JtXI & 2 XIJF Jts6t0 018 SL2 &

KNEAMZ M O A2 S0l UCH fluorene? 2R FEA HH RAXE XD U

A N-Nn && &40 0L 2Z2d0l 24 ot= eximerd® &0 S O{LC oFXIE

g Z2dEet A8 I JJ|

FA

tripycene —*

5
A2

rl
>
|0
Hu

Il

Ol eximer

M0

g
o
<

&

==

l¢]
oy

10

1o
4

A
lo

ol

o
I

a2 gX g £ UL LSt Metallafluorene(4,5,8,9-bis-triptycene metallafluornen,
2t Nelol RECAEE22 p* ATE S A0S

o
M=Si L= Ge)2l Y SR8 S22 2 &8 HAE ItNL UM s-2g=
| 5
Oz QI8 sxp* HIEMEE AL UCH e =S8 dIIIH Sd=S

ASH

XD ASH XD I|(optolectronics)l Al OHR RESHAH AIEE D CIAZ 0!
Jl=0lA MX 28tA(electron transporting) 222 L= FII-ELOHAM dXg2E =
22 FE0tCH Mg ARl metallafluorene?] 2AXN HAZ Sot =22 &
St E4dES 2021 8L JI1E 224 KRIIDEA0l HIotH O 2SS0 <
= OtE2 0lst 28 Y& &2 0/1E6t0 &M stetdlAd £= OLED - &M
S0l 20l ol2E = UL
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3.2. Synthesis of Characterization of Triptycene Metallafluorene

1,2,4,5-tetrabromobenzeneE & &0tJ| PGt 1,4-dibromobenzenelil Br,E &Jtot=
2t & (Bromination rection)S AtE OIU LM, atsf BHSAIS Scheme 1 Ol LIEFLH UL
84 & 1,2,4,5-tetrabromobenzene 2| melting point = 178-180 C UM, =SE2
80% ALt

<Compound 1>

: 1,2,4,5-tetrabromo benzene

Br

Br Br
Br,

CCly, Refulx

Br Br
MW : 393.7

Br 1

Scheme 1. Synthesis of Compound 1.

1E &1 n-BuLi 1€ &S AIE6HH &4 ot AL

<Compound 2>

: 2,3-dibromotriptycene

_16_
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Br Br O
+ n-BuLi Br
Toluene
Br Br
Br

MW : 412,12
2

v

Scheme 2. Synthesis of Compound 2.

g8 E Copound 22| melting point = 190-192 T JA2H =SE2 50-60%JULCH &
A= 2,3,-dibromotriptycene0fl n-BuLi 129 = AtE6t0H Compound 3 & & SHCH &

BIES A2 Scheme 3.0 LIEFLHRACE.

[

0x

<Compound 3>

: 2,2-dibromobitriptycene

1 n-Buli .
BE Br Br

MW :664.43
3

Scheme 3. Synthesis of Compound 3.
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AJLHOZ g4AE 2,2-dibromobitriptycenel| melting point = 220-225 T Y20,
+S5ES 50-60%= LIEtSCEH &&E 2,2-dibromobitriptyceneS 0/ &0t 22 CHE
X8I JHKl= 4,5,8,9-bis(triptycene)metallafluorene S & & 6t A Lt

<Compound 4, 5, 6, 7>

4 : 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene (siliptycene)

5 : 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene (siliptycene)

6 : 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene (siliptycene)
7 : 1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene (siliptycene)

MW : 664.43
3

MW : 548.73
6
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O 0
ST

MW : 534.72
74

a : 2 n-BuLi, Ether, -78C

b : CioH1oCLSi, THF, -178C
. CH;CLSiH, THF, -178°C
: C,H,CL,Si, THF, -178C

e : HSiCl;, THF, -178°C

f : 1/4 LiAlHs, THF, -178C

o

[oN

Scheme 4. Synthesis of Compound 4, 5, 6, 7.

27y o2 X375 7HA = 4,5,8,9-bis(triptycene)metallafluorene S 3174 1] melting
points S548% Ay 300 T ooz 4 HIYSW F5ES 70%, 69%, 65%,
73% Sith &A% 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene 2] 384 EAS <o}
B7] 98 Uv-vis 58 =HAEHS AT Fig 12 A3S Sk ¢
1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene 2] &3 % Y A~HEHS elA

oltt.

rlo

kv

2
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0.5 — T T T 1000

UV-VIS abs : 313.5nm
PL Intensity : 376nm

800

600

400

Absorbance(A.U)
Aysuayay 14

200

L I L n
300 350 400 450 500

Wavelength(nn)

Figure 1. UV-Vis absorption and fluorescence spectra of Compound 4

Fig 1(blue)<> 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene®] & Hgog
313.5mmel A Hdl &5 93-S 2tk Fig led)t AW wE 9gS ztow
313.5nmell o17] 3FS YA SRS BT A = 376nmellA Ste] HFWE &<
stith. olFEA FAHAR Azt EH W@y F AHEHDS A=
agow ydstsdth. &A% 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene THF
100mLoll 0.01gS 9] 100ppmo 2 A Z3F T3 100ppm 10mLel THF 90mLZ
A7rete] 10ppmo= FH3 A FAT Zlolth o] o] & EHER o9 T

o H34 Sl

Fig 2(blue)= 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene®] S X=FEHO=Z
31Inmol A Hd &5 33S ZrEvh Fig 2ed)= AW 24 9FS ztow
31nmell 7] S A SRS AT ke = 38InmolA shte] FUE

SOET A
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05 1000

UV-VIS abs : 311nm
PL Intensity : 3§1nm

800

600

400

Absorbance(A.U)
Lyswyay 14

200

300 350 400 450 500

Wavelength(nn)

Figure 2. UV-Vis absorption and fluorescence spectra of Compound 5

0.5 — T T T 1000
UV-VIS abs : 310.5nm
PL Intensity : 380nm
04 - i -1 800
=)
< 03| Je00 =
g o
g =
g8 02| H400 5
2 2
-
0.1 + - 200
0 3 0
300 350 400 450 500
Wavelength(nn)

Figure 3. UV-Vis absorption and fluorescence spectra of Compound 6
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HU

Fig 3(blue)<> 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene®] S Z~FEF O
310.5nmol A Hol F5 34S ZE=th Fig 3(ed)s Hd F 9pds zto
310.5nmell 7] S PAF SHAS BT Ame = 380nmol A shte] AFME
sholshalc.

_‘EL

05 — T T T 1000
UV-VIS abs : 312nm
PL Intensity : 383nm
4 800
5
2] few
2 2
=] 1 400 =
2 E=3
=
4200
| | 1 0
300 350 400 450 500

‘Wavelength(nm)

Figure 4. UV-Vis absorption and fluorescence spectra of Compound 7

Fig 4(blue)<  1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene®] & SFEF O R
320mol A Hol F¢ S ZEv Fig 4@ed)= AW wF 94S zton
312nm0ﬂ ol7] s WA e A Ane = 383nmolA Shute] g E

o},
2| 27
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<Compound 8>

8 : 2,2-dibromobiphenyl

9 : 1,1-methylhydro-1-silafluorene
10 : 1,1-dimethyl-1-silafluorene

Br
n-Buli 2 n-Buli
THF Ether, -78 °C
Br Br Br
MW : 312
8

Me

a : 2 n-BuLi, Ether, -78C
b : CHs;CLSiH, Ether, -178°C

Scheme 5. Synthesis of Compound 8,9,10.
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gt 4 & 1,1-methylhydro-1-silafluorene 2| Zst&™ EHZ 20t2I| ol UV-vis &
AHEHZS =FOIRULCLE Fig 5=  1,1-methylhydro-1-silafluorene2] =& % &
AHEAZS LIEIH 210ICH
1 . . ) . 1000
TUVVIS abs : 279nm
PL Intensity : 349nm
03 | 1800
=)
< 06 4600 =
g o
g ]
g 04| H400 5
H g
-
02| 4 200

0 L L L L n
250 300 350 400 450 500

Wavelength(nn)
Figure 5. UV-Vis absorption and fluorescence spectra of Compound 9

5(blue)2 1,1-methylhydro-1-silafluorene® & AHEHOZ 279nmOUlA  ZICH

Fig

S IIE S H=C0h Fig 4ed)s 20 22 IHES H2H 279m0l 00| DHES
AL GRS ESR A = 349nmOll Al StLtSl L& U E &CIoHRULEH

Cteez A8E2 Sot0 22 Compound 4,56,72] Quantum YieldE® ZH&oIA 20
st XSS XD UKL cavity)t =I6t= Compound 4,5,6,72F =XH ot
%2eE HHP2XO Compound 92| Stern-Volmer plotS ot 22t T ZL20|
st AZAMCE SHGIUCH HM K& T2 triptycenel LAeE8S =A 6|
25t ZHE+IIA0| Hl=8t 2-AminopyridineS® X2 Z ALE0IRULCE Fig 62
AXES S& AHEHN LY AHEZHZ LIEtH 20001 LEZE2 S-VE A2 U
2ot J127] g2 F&t Aol
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0.1 . . . . v 1000 e
0.08 g0 _ 50
. E 2 - ¥y=1269x
g. = = R*=09993
£ o008} {s00 2 E
g S =~ 24
= I 8 5
& F -
< 004} | Y 1 400 E 5
/ \ e
0.02 | 4 \\ {200 " =
N g
0 s \ 0 0 ; ; : . ; i
300 330 400 450 500 0 0.01 0.02 0.03 0.04 0.05 0.06
Wavelength / nm Alisibaacs
Figure 6. UV-Vis absorption and fluorescence spectra of 2-Aminopyridine
Fig 6= 2-Aminopyridine®| S+ AHEZHOZ 305nmUHlAd =0 S IIES A=
Ct. 305nm0Oil O40] MES At oIUS ES Amax = 368nmUlA SHLIS E& EH
HE LIEIUHRUCE 2EZF 82 R29 gte Ade HEEE LEH H0IHH JI=
Il g2 AZETE PL areagt= S 8 20ICH
Lok 22+9] Compound 4,5,6,72 JI2J| &= 00 OtcHel A0 CHGHH Xt

Ol248 Quantum YieldE =&olJ| PoiAe JI==E22 M0l SL06HH Table 1
OlA 010 €™ e Jl==E22 HE LEHHATH
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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 H2SOy 0.58 400-550 T Lamin., 1992, 51, 269-74
Harmane 0.1M H-SO, 0.83 400-550 J. Luwin., 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 010 H-S50, 0.60 315-480 . Phys. Chem., 1968, 72, 2680
Anthracene Ethanol 027 360-480 I Phys. Chem., 1961, 65, 229
%10dipheny) Cyclohexane 0.90 400-500 | J. Phys. Chem, 1983, 87,83
anthracene *

Absorbance

Table 1. A Table of Standard Materials
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Figure 7. UV-Vis absorption and fluorescence
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A CHYSHH 22 Compoud 42| XXSE 22 27.3% OICH

0.05 . : . : 1000 L6 -
14 -
004 L s = y=50.047x
E < 12 - R:=09975 .
2 B
g 003 wo & F 1]
g g E 1
E g 0.8
ﬁ 0.02 + 400 g 5 0.6 4
“ %
§ 5 o4-
0.01 - wo Y=
0.2 -
0 3 i L L L 0 0 T T T T T
A 30 B0 390 I 450 0 0.005 0.01 0.015 0.02 0.025 0.03
Wavelength / nm Absorbance
Figure 8. UV-Vis absorption and fluorescence spectra of Compound 5
A0 CHROIH €& Compoud 52| Y XNSE a2 26.3% OICH
0.05 ; . ; . 1000 L6 -
14 -
BB
g ] v=49.671x
a, é’ 14 R*=10.9986
-
g g E 1
E : 5 0.8
) 8 5 06
4 g™
E; 5 041
0.2 -
] . 0 0 T T T : - :
A0 30 B0 390 M 450 0 0.005 001 0015 002 0.025 003 0.035
Wavelength / nm Absorbance
Figure 9. UV-Vis absorption and fluorescence spectra of Compound 6
A CHSHH 22 Compoud 62 XXSE 22 26.1% OICH
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0 y=48.283x

i 1.2 - R?= 0.9986
0.03 +

0.8 -
0.02 -

Absorbance

2 0.6 -
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syum LTenrgre ; A)SIsuag
Fluorescenee Intensity (A.U)

0.2 -

u 1 1 1
300 330 360 300 420 450 i . d } ) : ;
0 0.005 001 0.015 0.02 0025 003 0.033

Wavel !
avelength / nm Absorbance

Figure 10. UV-Vis absorption and fluorescence spectra of Compound 7
AN CHYSHH 22 Compoud 62| SAEE 22 25.4% OILCH

3.3. Quenching mechanism of Photoluminescence materials

2 AE0ME 64 Z8|J[(UV-Lamp, Luminescece Spectroscope-55)E2 0| E56t
o &80 ArEst & Z248 SZ Q! triptycene metallafluorene2| FIHH AL S &
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=
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EHH M Vapor 2 W &2
H2l Fig 260K = == UX0l & W2 MR XOF U2 CHAI
= 20| OtLlet oledst ®AH £=F3H201 AL Y= FEIA elzgdn M|
Cete HE0 2o 282 =2 LUMO Level 2 HMOIEH E22M &
AHLIHA XA Static Quenching 0] 202 & == URULCHL 2
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metallafluorene® Bl E4ot=0 FHE S FA2H st HAZHE Z2UHE &

EotALh

3.4. Detection of Nitro compounds based on Triptycene metallafluorene

o)

Nitro aromatics N02 2,4-DNT NOg PA
No2 N02

N
N—NO, ) ox OQN——N\/: )N NO;  HMx

o NN o,
Nitro amines NO,
FiJOQ NOE
o
ON—0 0,N—O0
0—NO,
o NO,
O Nitroglycerin
Nitrate ester 0, PETN NO 2
Figure 11. Chemical structural of explosive
Fig 112 Y22 S]E LIES AH0ICH HAM EFA0 NOJE &2 Nitro aromatic
HE0l JASH ZA0 NOJH 2 Nitro amine0l U[ULH 0 HE =2 C42 =22
SN A g2dE = UM =2 =X ZLSZMN 20l AIEE0 tRYEe2 &
200 NOJb & Nitrate esterHlE L8t gL ZL=2ZM AMSDHH =2 HNZH
Ol=81&I] AF QHIA ZAHEN 2 2H&AE ZD|E GtRALCH OIHUE peroxide,
SdRHsS st BEL=SS Rcl= TNT, PA, RDX, PETN S It & AE
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S dotAULE Lt 20t HE IHE St cavitydt EMMGH= silafluorenet & XH GHA

P
& = silafluorene= A2 XI0|E HIWoHH & &3 L

1000 . . . . 0.2
@
80 |
Ly v=0.0744x
R=09905
6wl 3
] 1
g f‘= 0.1 - ¢
5 =
g 400 B
0.05
200 y
0 =74 A i i 3 i 0 1
2
M0 360 380 400 420 440 460 0 05 1 15 2 25 3
‘Wavelength (nm) Molarity (105M)

Fig 12. Quenching PL Spectra Stern-Volmer plot of
1,1-diphenyl-4,5,8,9-bis(triptycene) silafluorene for RDX

1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mLOl Z&8=ZQl RDX 10
ppm solution = Micro sylenge(50uL)E Ol &Z6t0H 100-600 ppb E Xtell2 HE Gt
Ol 0lANE AHEHOZ LIEIH AO0ICH Fig 129 2% eiZ= RDX 3044 &
b ot M A& JdcHZE LIEYH R0l QLEE ddZes =20l OE
Stern-Volmer (S-V)Z LIEFH e = OICH DM 2X0l RDX2 =&Jt &of&E

+= AZots Y0l YheE A0S 2 £ UCH 88 KsvyM') 22 74 x 10° 0 Lt
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3.4.2 Dectection of PETN based on 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene

1000 . T T 0.2 -
*
800 +
R ¥=01041x
Ri=0.9944
& 600 L
= 01
. ;
&
5 400 |
%
0.05
200 |
0 L= 0 : : : .
340 360 380 400 420 440 460 b i ] G 2
Wavelength (nm) Molarity (10-6M)

Fig 13. Quenching PL Spectra Stern-Volmer plot of
1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene for PETN

1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mLOl Z&SZ Q! PETN 10
ppm solution £ Micro sylenge(50uL)ES O|Z6t0H 100-600 ppb £ XtdllE2 HE Gt
Ol 0lAHES AHEZHOZ LIEIHH 240ICH Fig 132 2% X &= PETN 30444
Il OIS W A2 JHZE LIEtYH A0l RLEE ddZs =&0 O
Stern-Volmer (S-V)& LIE I OICH JOEUA 250l PETNS =&JF Kol

Ly
£2 AUGHE L0 LOsE AS L £ ACH BH KsvM) 212 1.0 x 10° 0] Lt

=

i
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3.4.3 Dectection of TNT based on 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene

0.25 -
0.2 - @
v=0.0848x
R*=09572
z 0.15
w -
g =
£ = .
= =
g 0.1
Ty
0.05 -
0 ; i ; ; i
340 360 380 400 420 440 460 0 05 1 15 3 25 3
Wavelength (nm) Molarity (10-6)\)

Fig 14. Quenching PL Spectra Stern-Volmer plot of
1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene for TNT

1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mLOl =&=ZQl TNT 10
ppm solution £ Micro sylenge(50uL)S O|Z3t0 100-600 ppb E Xtellz HE
OH 0|HE AHEHOZ LIEIH 210ICt Fig 142 2% )T = TNT 30464 &

b ofdE W A& JdcHEZE UEY H0lD 2EE ddZes sE0 OE
Stern-Volmer (S-V)&Z LIEHH e OIC JEOA 2=X01 INTS =%=0t &oiE

2 QUCH 8HH KsvM') 242 8.5 x 10* 0 U

}
il
b
Id]
_O'j
r
0
=)
=
a
rr
Py
nio
0
}
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3.4.4 Dectection of PA based on 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene

0.6 -
0.5 .
v=10.1856x
0.4 - R:= 09941
&
w Lol
‘g S 03
A <
=
0.2
0.1
I I I 0
340 360 380 400 420 440 460
0 0.5 1 15 2 25 3

Wavelength (nm)
g Molarity (10-6M)

Fig 15. Quenching PL Spectra Stern-Volmer plot of
1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene for PA

1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mLOl ZS22 2l PA 10 ppm
solution & Micro sylenge(50uL)E O|Z0t0d 100-600 ppb E Xtell2 HE oIU2H
OlANE AHEHOZ LIEIH 210ICH Fig 152 2% T = PA 30484 FHIb 5l
2 M A& OHZE UEYH A0l 2EF ddiZe =50 & Stern-Volmer

(S-V)E LHEtH Jef= Ot Jd80A 2X01 PASl s&EIt HolE+5 A dots

%0l YUt A2 L & UCH E KsyM) 242 1.8 x 100 0l U
1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene®| 2R =& =Z PAIL & AZH T}

2810 PETN, TNT, RDX =0|%iC}.
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3.4.5 Dectection of RDX based on 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene

I(II] T T T T T T '}.25 7
800 - 0.2 -
y=0.0802x ¢
R:=0.9858
£ 6w 0.15 -
2 i
] =
g = *
) 2
g 400 | 01
L J
200 - 0.05 .
0= I I I L I 0 T T T T T 1
340 360 380 400 420 440 460 0 05 1 15 > 28 4
Wavelength (nm) Molarity (10-5M)

Fig 16. Quenching PL Spectra Stern-Volmer plot of
1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene for RDX

1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mLOl =&=ZQ2 RDX 10
ppm solution € Micro sylenge(SOuL) 0I5t 100-600 ppb E X2 HE oA
OO OlNE AHEHOZ ULEHH H0ICH Fig 162 &% ciZ= RDX 30444 &
b ot M A& JdcHZE LIEtH R0l QLEE ddZes =0l OE
Stern-Volmer (S-V)Z LIEFH e = OICH DM 2=01 RDX2 =&Jt &

+= AZots Y0l YleE AHS 2 £ UCH S8 KsyM') 242 8.0 x 10° 0 Lt
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3.4.2 Dectection of PETN based on 1,1-dimethyl-4,5,8,9-bis(triptycene) silafluorene

1000 — . . . . 0.35 -
0.3
- ¢
025 | Rempsrt
o ey - 02
g e *
E = e ¢
= 015 -
g o4
L
0.1 -
200 - &
0.05 -
ol 0 : : ; i
340 360 380 400 420 440 460 0 05 1 15 3
Wavelength (nm) Molarity (10°5M)
Fig 17. Quenching PL Spectra Stern-Volmer plot of
1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene for PETN
1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mL0Ol 4 EZ& Q! PETN 10

ppm solution £ Micro sylenge(50uL)ES OIEG6t0H 100-600 ppb £ Xtdll2 BE &
O 0lHNES AHEZHOZ LIEtH 240ICH Fig 178 &% T = PETN 3044
Il OIS M 4AZ JHZE LIEtH R0l EE ddZs =&0 M
Stern-Volmer (S-V)Z LtEFH e OICH &AM 250l PETNS =SIt &Ioh

+= AZots Y0l YhE A0S 2 £ QUCH 88 KsyM') 22 1.6 x 10° 0 Lt

Ay JE 3@
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3.4.7 Dectection of TNT based on 1,1-dimethyl-4,5,8,9-bis(triptycene) silafluorene

1000 — . : T T 0.3 -
800 | 0.25 -
v=0.098Tx
R2=0.9904
0.2 -
& 60|
z i
g £ 015 -
[ =
2 400 |
0.1 -
N L
20 0.05 -
0 ! | i I ! ! 1] T . - + T
340 360 380 400 420 440 460 0 05 1 15 2 25 3
Wavelength (nm) Molarity (10-5))

Fig 18. Quenching PL Spectra Stern-Volmer plot of
1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene for TNT

1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mLol 4 &Z<Ql TNT 10
ppm solution = Micro sylenge(50uL)E ©|-&3l4] 100-600 ppb = =ldl= HA
stglom olze ~#HEZ R ekl Zo|tl Fig 189 9% 1= TNT
3op® H7F es wW A IYEZE UER Zlolal LEE afEe FR
w2 Stern-Volmer (S-V)Z YERH 183X oJt}, I¥oA HZo] TNTY s=7}
AAFE Agste Fol e RS 4 5 vk @9 Ky 72 9.9 x 10°

o] vhsitt.
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3.4.8 Dectection of PA based on 1,1-dimethyl-4,5,8,9-bis(triptycene) silafluorene

v=10.1665x
R=0.9964

(To/1) -1

PL Intensity

340 360 380 400 420 440 460 0 0.5 1 15 3 25 3

Wavelength (m) Molarity (10-6))

Fig 19. Quenching PL Spectra Stern-Volmer plot of
1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene for PA

1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mLel] #+241E 221 PA 10 ppm
solution 2 Micro sylenge(S0uL)E ©]-€3}4] 100-600 ppb & =ldllZ AHA 3}3om
~AEGoz el Zlolth Fig 199 9% 1 >~E= PA 3oul¥ H7b
g A% IaPzZE el Aol 2E2FE% IYgre TR wE
Stern-Volmer (S-V)=  UEHdl T2 o]ty g4 Kol PAS EX7F

A AFE 2Bets Fo] Brhe A4S & & Jduh A KsvM) & 1.6 x 107

_37_



Min Woo Hwang — M.S Thesis
Chosun_University, Department of Chemistry

3.4.9 Dectection of RDX based on 1,1-methylhydro-4,5,8,9-bis(triptycene) silafluorene

0.3

0.25 -

v=10.0968x
0.2 R:=09752

{11y -1
=
=
th

PL Intensity

0.1 - *

0.05 -

n
ba o

340 360 380 400 420 440 460 0 0.5 1 15 2 2.

Wavelength (nm) Molarity (105M)

Fig 20. Quenching PL Spectra Stern-Volmer plot of
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene for RDX

1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mLo] +4]&2<Ql RDX
10 ppm solution = Micro sylenge(50uL)E ©]-83}°] 100-600 ppb & == A4
stglom olzls AdEH R yeld Zlo|th Fig 209 9% I X+= RDX
3oul® H7F s W A% 2HEZE yepd Aol LEFH IYZe wkd
w2 Stern-Volmer (S-V)& YERH 23X ojt}. I¥oA H o] RDXES F&7}
A AFE Agste Fol Boes RS 4 5 vk @9 Ky 72 9.7 x 10°

o] vhsitt.
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3.4.10 Dectection of PETN based on 1,1-methylhydro-4,5,8,9-bis(triptycene) silafluorene

0.3 4

0.25 ¢

¥=0.1509x >
02 Ri= 09736

(1y/1) -1

PL Intensity

0.1 -

ta
[

340 360 380 400 420 440 460 0 0.5 1 1.
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Fig 21. Quenching PL Spectra Stern-Volmer plot of
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene for PETN

1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mLo] #24]&EZ<Q1 PETN
10 ppm solution = Micro sylenge(50uL)E ©]-83}°] 100-600 ppb & == A4
stglom o)AS ~FEFoR ekl Zoth Fig 219 % 1¥X%F PETN
o H7E sls W A% aHEZE UERd Aolal 0EFH afEe R
w2 Stern-Volmer (S-V)&E WEFH 123X o|t}. 19 A H o] PETINS s%=7}
A das 2gsts Fol Wk 2AS & 5 vk @8 KM g2 15 x 107

o] vhsitt.
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3.4.11 Dectection of TNT based on 1,1-methylhydro-4,5,8,9-bis(triptycene) silafluorene

0.3 -
0.25 - @
¥=10.1065x

02 - Ri= 09534
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Fig 22. Quenching PL Spectra Stern-Volmer plot of
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene for TNT

1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mLol +24= 2 <l

TNT

10 ppm solution S Micro sylenge(SOuL)E ©]-83}o] 100-600 ppb & == A A

dgom olAe ~sdEdow e Aolth Fig 220 9% gz

30 H7E SRS W AW adEXE yEld Foln E8EFE Y X
W Stern-Volmer (S-V)& YWERN 2 o]t} 2Ho|A HEo] TNTY

TNT

o)
37}

e d4= 2@sts o] Brpbe 2AS <& 4 vk 338 KsyM) @S 1.1 x 107

o] vhsitt.
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3.4.12 Dectection of PA based on 1,1-methylhydro-4,5,8,9-bis(triptycene) silafluorene

y=0.1541x
0.3 - R:=0.9982

T 1
=
b
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PL Intensity
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Fig 23. Quenching PL Spectra Stern-Volmer plot of
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene for PA

1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mLo] 4 &2<l PA 10
ppm solution = Micro sylenge(50uL)E ©|-&3l4] 100-600 ppb & =ldl=Z HA
stglom o] Zs ~AEH O R e Aolth Fig 239 €% 1= PA 30ul¥
A7F si9ls o &A% aHEZE UEd Aoja 2EF afEe sk wE
Stern-Volmer (S-V)& YERH 2832 o|tf. I¥oA  HTo] PAY FEV}
AAF=E 2Fate dol gobe 2e 4 F Ak &8 KevM) @2 15 x 10°
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3.4.13 Dectection of RDX based on 1,1-dihydro-4,5,8,9-bis(triptycene) silafluorene
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Fig 24. Quenching PL Spectra Stern-Volmer plot of
1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene for RDX

1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mLo| #+4EZ<l RDX 10
ppm solution & Micro sylenge(S0uL)E ©]-83F] 100-600 ppb & AHl= A A
glom oA ~FMEHoz el Fo|th Fig 249 9% 1#TE RDX
0ul% W7 He W 2% IYZE el Zolu BF I¥ZE Fik
W& Stern-Volmer (S-V)& YERH g o|t}. 1o A4 HEo] RDXY FHE7}
AHAFS Lgste Fol Brhe S & F Avh I8 KsvM') g2 83 x 10°

o] vhsitt.
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3.4.14 Dectection of PETN based on 1,1-dihydro-4,5,8,9-bis(triptycene) silafluorene
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Fig 25. Quenching PL Spectra Stern-Volmer plot of
1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene for PETN

1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mLol| #41&2<2 PETN 10
ppm solution & Micro sylenge(S0uL)E ©]-83F] 100-600 ppb & AHl= A A
stglom o)AS ~FEFoR ekl Zo|th Fig 259 % 1¥X% PETN
3ouA H7b eole o A adEZE UEhd Zlola eEHR IYIE R
w2 Stern-Volmer (S-V)&E WERH 123X o|t}, 19 A H o] PETNS s%=7}
A A= p3sts Fo] grke S & & vk &4 KM @2 1.3 x 10°
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3.4.15 Dectection of TNT based on 1,1-dihydro-4,5,8,9-bis(triptycene) silafluorene
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Fig 26. Quenching PL Spectra Stern-Volmer plot of
1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene for TNT

1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mLel| +4&2<Ql TNT 10
ppm solution = Micro sylenge(50uL)E ©|-&3l4] 100-600 ppb = =ldl= XA
stglom olze ~dHEZ R ekl Zo|th Fig 269 9% I TNT
o H7E sls W A% aHEZE UERd Aola 0EFH afEe R
w2 Stern-Volmer (S-V)Z YERH 283X oJt}, I¥oA HZo] TNTY s%=7}
AH A4S 23ets o] Bre AL ¢ 5 Jdoh 39 Ksvam) #2> 1.1 x 10°

o] skt
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3.4.16 Dectection of PA based on 1,1-dihydro-4,5,8,9-bis(triptycene) silafluorene
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Fig 27. Quenching PL Spectra Stern-Volmer plot of
1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene for PA

1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene 10 ppm 3 mLoll #41&E2<21 PA 10 ppm
solution & Micro sylenge(S0uL)E ©]-&3}4] 100-600 ppb & == AA 3s1%lom
~AEGoz el Zlolth Fig 279 9% 1 XE PA 3oul¥ H7b
g A% IaPzZE el Aol 2E2FE% IYgrXe wRd wE
Stern-Volmer (S-V)& YERH 183 o|t}. I¥oA  HTo] PAY FEV}
= pdshs Fol Wrke AL ¢ 4 Ak @9 KM @ 18 x 10°

=5 A
o] itk S AAAEE ¥usr] 9184 1,1-methylhydro-1-silafluorene 2]
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3.4.17 Dectection of TNT based on 1,1-methylhydro-1-silafluorene
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Fig 28. Quenching PL Spectra Stern-Volmer plot of
1,1-methylhydro-1-silafluorene for TNT

1,1-methylhydro-1-silafluorene 10 ppm 3 mLel| #4]&2 <] TNT 10 ppm solution =
Micro sylenge(50uL)S ©]83}o] 100-600 ppb = Adl2 HA dom oA
~HER O R YEbd Zolth. Fig 289 €% Z1efZ= TNT 30ul¥ 7} skgle
2% aY=E Uehd Zolal 2E8F aYxy FE9 WE Sten-Volmer (S-V)E
UERd Lgiz ok Il A] HiZo] TNTO swvt ajdss Adshs dol
2o 2SS 4 F Aok 3 KsvM) w2 4.5 x 107 o] Yk
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3.4.18 Dectection of PA based on 1,1-methylhydro-1-silafluorene
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Fig 29. Quenching PL Spectra Stern-Volmer plot of
1,1-methylhydro-1-silafluorene for PA

1,1-methylhydro-1-silafluorene 10 ppm 3 mLol| #+4]=2<l PA 10 ppm solution =
Micro sylenge(50uL)E ©]-83} 100-600 ppb & =tell=2 AA 3sFglom o|AS
2HEf o el Zlojth. Fig 299 €% g+ PA 30ul¥ H7F stls W
2% ag=E vehd Aolal 2EF a¥xy FE9 WE Sten-Volmer (S-V)E
Yepd gz ool deA HiZo]l PAY sx7VF s AFE AFets o
2rE AL & 5k 3 KsvyM) e 7.2 x 10 o] vk
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RDX PETN TNT PA

Ph-Ph(trip) | 74000 | 100000 | 85000 | 186000

Me-Me(trip) | 80000 | 160000 | 99000 | 167000

H-H(trip) |83000 | 130000 | 114000 | 187000

Me-H(trip) | 97000 | 150000 | 100000 | 154000

Me-H(sila) 45000 | 72000

Table 2. Total Comparison of Stem-Volmer Constants K(Ml)

4. Conclusion

2 dElN=s 28R, dIIE Ol Y2 S48 H=

compound®! Triptycene Metallafluorenelt MetallafluoreneS & ASGIULE. MZ=2
compound= IH-NMR, 13C-NMRZ 3g22 4 % =2

Triptycene Metallafluorenedt Metallafluorene2 =2 & ZALHANESES A
U0 CIAZEY 0l &tHe KRI| LEDEEZ EESt AN € = QU
M2AC ARSO UCH  E8F Triptycene Metallafluorene 3t Metallafluorene S
083t &t 2= 2= 2HE Nitro aromatic(TNT, PA), Nitro amine(RDX),
Nitrate ester(PETN) S2| ZZ =S EXlol=ll 8 & N2 S AIGHH Polymer
MW Al = chemosensor22| S&0| Jis & A2 MAECLCE  Triptycene
Metallafluorene 2t Metallafluorene2| Luminescence SpectroscopyE O|E0t0 &Lt 2=

2 oy LEz ws= §+%+§(TNT, PA, RDX, PETN)? X=X
El
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6. Spectrum

6.1. '"H NMR, “C NMR spectroscopy

Fig JH-NMR spectrum of compound 1
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Fig PC-NMR spectrum of compound 1
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Fig JH-NMR spectrum of compound 2
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Fig PC-NMR spectrum of compound 2
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Fig ."H-NMR spectrum of compound 3
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Fig PC-NMR spectrum of compound 3
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Fig ."H-NMR spectrum of compound 4
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Fig PC-NMR spectrum of compound 4
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Fig ."H-NMR spectrum of compound 5
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Fig PC-NMR spectrum of compound 5
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Fig ."H-NMR spectrum of compound 6
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Fig PC-NMR spectrum of compound 6
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Fig ."H-NMR spectrum of compound 7
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Fig PC-NMR spectrum of compound 7
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Fig ."H-NMR spectrum of compound 8
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Fig PC-NMR spectrum of compound 8
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Fig ."H-NMR spectrum of compound 9
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Fig PC-NMR spectrum of compound 9
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Fig ."H-NMR spectrum of compound 10
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Fig PC-NMR spectrum of compound 10

+30000

~28000

26000

24000

22000

~20000

18000

~16000

~14000

-12000

-10000

-5000

~6000

~4000

2000

aL

1P

g0

og

BL°

wEL—

oL~

ERL—

oEL~_

aEL—

LsL—

_70_

140 130 120 110 100 a0 B0 70 B0 a0 40 jﬂ 20 10
{1 (ppm)

150



Min Woo Hwang — M.S Thesis

Chosun_University, Department of Chemistry

Chapter Two.

Fabrication and Optical Characterization of

Distributed Bragg Reflector Porous Silicon

1. Introduction
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2. Experimental Details

2.1. Preparation of DBR PSi samples

DBR O34 &2|Z2 ==t pt+-typell alclZ2 EHZE RI0IH (B dopped, <100>,
0.0008~0.0012 Q)E Galvanostat (soucemeter 2420)2 0| Z5t0] At EC MERE =
A0 HI| gstdE Al2s Sotd MAEL. AAEMZ= HF EH (48% by
weight: ACS reagent, Aldrich Chemicals)lt Ol &= (ACS reagent, Aldrich Chemicals)S
AESIRSM HF : EtOH = 3 : 1 2 2 Il HIE REE FHIGHRULH &I
AA2 EdF= MRS EHE AM2AIS SHz =2 dF

Ot JtH EHAFHA Teflon cell®tOl A ==245tRUCh.

2.2, Instruments and Data Acquisitions

alel2 A0IHH MI|Igst A 22 A 2 (Electrochemical Etching)E2 Al2|J| ®I8t &b
= Keithley 24202 O|E0otALt. &4&E US4 Acl22 UV-VIS integrated analysing
system (Ocean Optics USB-2000 spectrometer)S Ar&ot0 MEQ| BHAMIHE
(reflectivity)2 SEGIJACMH, A2dE HHZ2 =Hold|l Aol HXFAE &01E
(FE-SEM, S-4700, Hitach)S AtE0I0 =0l GIALCH A2LE HH SEHE |RFRE
20l GtJ| I3t FT-IR spectroscopy= diffuse reflectance (Spectra-Tech diffuse

reflectance attachment)2f&l2 0| Z3t0 Nicolet model 57002 O|E35t0 =& 3HALH.

3. Resilts and Discussion

3.1. Effect of Etching Time
&E O34 2elB2 82 220U 422 host 522 02 = UM
BEAE AHEZH 0 A Fabry- Perot fringe pattern= LIEHMH 1) Ol= Bragg A

AH
(=]

|J

2
=
f—
N
=
10
9'j

0x

i 242 = ULL

mA = 2 nLsin® (1)
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OF A0IM At2E= 2o A2 6=90TC € [, mA = 2 nLOIEZ o
MHE S ot ME2 U334 4222 ML) Em)0 2t0{&tCh &t s
£ LIEtlE DBR O34 &2 s2 U344 42l2 0l Bragg + =01 BHA
L3t ottt2 UEHLIH Ol =2 &0l =2 S ¥2 301 uiZ Bt=6te A
SHe #XE JHAH 0 Mo BAtIE 2 OS2 A@2)0 2loted dd=t

> S
<
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o)
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Fig 30. Surface (top) and cross-section (bottom) SEM images of
DBR PSi displayed a reflection resonance at 546 nm.
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DBR PSi2 MZ& X2 E Table 301 LIEILHRACE Ol
=5

PSiel BtAF AHEEHZS 18 3101 LIEHHRUCKH

Low
Wavelength F.W.H.M | Porosity
Entry Current
(nm) (nm) (%)
(time)

1 546 nm 85 s 22 nm 63%
2 564 nm 8.8 s 18 nm 63%
3 580 nm 9.1 s 18 nm 62%
4 601 nm 94 s 20 nm 62%
5 617 nm 9.7 s 20 nm 62%
6 628 nm 10.0 s | 19 nm 63%
7 645 nm 10.3 s | 20 nm 62%
8 658 nm 10.6 s | 20 nm 63%
9 673 nm 10.9 s | 20 nm 63%
10 689 nm 11.2 s | 21 nm 62%
11 706 nm 11.5 s | 22 nm 62%
12 722 nm 11.8 s | 18 nm 62%
13 736 nm 12.1 s | 20 nm 62%
14 751 nm 124 s | 21 nm 63%
15 764 nm 12.7 s | 18 nm 63%
16 780 nm 13.0 s | 20 nm 62%

Table. 3. Summarized data for 16 different DBR PSi samples.

HdF2 AIIC
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Fig 31. The reflection resonances of DBR PSi prepared from

various etching times of low current.
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4. Conclusion

= AgliMe OU3d A2 USSR AASHsE S8 =282 HalE 08
2 mEe Ose 28 #= Us 024 &

cl22 DBR(Distributed Bragg Reflectors) CtE& &Alg|l22 &0 83 St
SEMAIEE S6t #= UL3J(e R=& IS0l LIS MES XD USS
Bol & = AUD, OIEAH MEES 222 T2 ZAHS F0 16JH2 BHAF AHEH

2 FSH BEXIZ (full width at half maximum, FWHM)Z JtXI(H 546nmOl M 780nm

SYNA SHIHEUAN HIE X222 0|Scot= 8ttt

= WS = StA
OIE JIE2ez A% RI| stg2 IS0l JIESS A0IZ2 S0t Braggal Ol 2
of AHEZ0| Olsote X2 0186HH HAZA 880 Jts & A2 20,
Orstol Chsdacl22 2% Si-HE MAZ /YKL HEIIE oxidationS A2 OH
=& hydrosilylationS

ju—
S/ A|AEHORE
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