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Chapter One

Synthesis and Optical Characterization of
1,1-Difunctional-4,5,8,9-bis(triptycene) metallafleorene

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

Graduate School of Chosun University

Abstract

New functionalized Metallafluorene have been synthesized and their optical
characterizations are investigated. metallafluorene unit has been interested, since
metallafluorene has a unique optical and electronic properties. Here we report the
synthesis of new type of photoluminescent metallafluorene. New metallafluorene have
been characterized by NMR, FT-IR, and UV-vis absorption spectroscopy and X-ray
single crystallography. Their optical characteristics have been also investigated using
photoluminescence spectroscopy. Possible applications such as OLED and Chemical

Sensors will be presented.
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1. Introduction
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2. Experimental Section
2.1. Generals

2 &8 2 standard vacuum line Schlenk techniqueZ AIZ0IA 20 SIEt=2 &4
2 0t22 JIM SRIII0lA AHoIACH S0 ArEst A4S, 1,4-dibromobenzene,
n-BuLi, anthracene, iron bromide, bromine, silicontetrachloride, dichloromethylsilane,

dichloromethylsilaneS 2 Aldrich®?t FlukaGlAl &5t A2 SR 20 0= Ot22

tA 22II0lA  sodium/benzophenone 2t S 24A12t 014 8F A2l = £=2
THF 2} diethyl ether, hexane, toluene == AIE0IJULE & SHA MEEH= E0HY

THF= Fisher 2tst3|At0IA HPLC gardeE 2 &0t CHE =Xl 2§01 AH=GH

pol
S8 AHE™E UV-vis spectrometer(UV-2401 PC, Shimazu)E O0/&0tH A

A

FT-IR 2% Eg}= diffuse reflectance (Spectra-Tech diffuse reflectance attachment)®}:

< o] £3}e] Nicolet model 57005 o]§ 3lo FA syl SteE2o FE2 2

Bruker AC-300 MHz spectrometer('H NMR, 300.1 MHz 1t “C NMR 2| 75 MHz)

ol2otd LAULH NMR 20 chloroform-d= otFE SOt CaH,Z2 WEHAIH &R £==2

= MNHOIH AtESotRACH NMR Il32| ststXd 0|S& part per million (& ppm)2 2

2UHXA EC HZFAHEY 2 Perkin-Elmer luminescence spectrometer LS 50BE At
C

ju—
ES =/5II| IotH BE BHSBO SE= | my/l
C

Jx
L omo fo 4>

L=1pm2& XF0 AIESIULL E+ AEEZHZ UV-vis spectrometer (UV-2401
PC, Shimazu)2 O|&3dt0{ ZEHOIUCL. ZAREZES =0QI6HI| o X-ray single
crystallographyS 0| & &tCt.
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2.2. Syntheses
2.2.1. Preparation of 1,2,4,5-tetraboromobenzene 1

1,4-dibromobenzene (100 g, 0.42 mol)2 2 =2ItA GHOI A dried carbon tetrachloride (600
mL)0I A WBHGHH 283l =0 & O3 BHE &J|= oil bathE 01800 2= 5 50-60 C
MR 2HAEC 2EIt 50-60 TIH &I bromine= dropping funnelS 01 &Gt 1-2A
2t S0 MAG| &HIF 6t =Ch brominO| Ch EIIEH & E 70-75 CTHHAl =&l
CtS 12A12F Ol4 reflux AIHAZECH B1S838 =
20% Na;SO; EH (1000 mL)Z S3EHSTS AHAISHC SHM2A0| 0|8 2=x2 T 0ot
St 22 EE 2 040l 2 MK HedH S0 A AIHECH W EH 30min
CCly (100 mL) It WEts X WY, HHS =5 =22, Solid= =2
Ct. CCl, &2 MgS04 AMESIH &0 =22 HMH AAHAE = SIS0
N SEAIH MIH AHZE CS Solid2t &86t0  Toluene (250 mL)
min Reflux AI2I Ct& 0 C SS2UHAM &5 ZF =HAH LBt AIHECH 2HE
white A ZS UG hexane2LZ MEEH = 2 StOIA HXE AIAECH SHE
1,2,4,5-tetrabromobenzene2 'H NMR2H C NMRspectroscopyS Ol 25+0 2015 AL
'H NMR (300 MHz, CDCL3;) & 7.86 (s, 2H), "C NMR (75 MHz, CDCL;) & 137.28,
124.40

o

CE d222 XFH & U3

0/0

i
C

2.2.2. Preparation of 2,3-dibromotriptycene 2

1,2,4,5-tetrabromobenzene (30 g, 0.076 mol) I} anthracene (15 g, 0.084 mol)2 =ct

A0 EOt st G2 22 JtA GHOlA dried toluene (500 mL)S & IISH wBHA|
JIHAN 2 sHECLES 420 M FAIIE 0186H0 n-BuLi (45.6 mL 0.084
mol) F ot dropping funnellff 21 &&ES| EHEHAZLL BISSHO MA2 E2

=M0A MAGI S22 BIGHH =0
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BISAIZIZ 12A12F Stz WBAIIIHA Bt AHAZFLE S BF = diethyl
ether (100 mL) & &D O ( 1000 mL)Z MI=SHCt BtS Al2] 40| RSt
H ZHE s 208 2Hs 2 otoM SZAIHA HAAIZICH cyclohexan2 2

=0 = HMIEUHE cyclohexaneS AEot) DHYOZ sillica gelS AFEotH ZE
©O=2 Zcl et ZE2Z 20UA FHYH RIIZ0M(cyclohexane)E HHoIH 2 ¢
gtad DHIE =0 acetone(d00 mL)S &HIISIH JtE 6 Chs W2 AHA BHS 6F
Xl 222 anthracene2 HMIHSHO ZFCh. anthraceneOl & SHAH HAS M DA AR
BH=5t0d &Ch 0l BtE anthraceneS ZHZ NS & YL HHYE 22 GH0HA
=8 AIJ|H GlorMol MAH2Z2 Ads4 UCH S S 23-dibromotriptyceneS 'H

NMR 2 “C NMRspectroscopyS 0| =5t0! 2016t CH '"H NMR (300 MHz, CDCLs)
& 7.62 (s, 2H), 7.38 (dd, J= 5.3 3.2, 4H), 7.02 (dd, J= 5.4, 3.2, 4H), 5.36 ( s, 2H),
3C NMR (75 MHz, CDCL:) & 146.54, 14432, 128.84, 125.82, 124.04, 120.77, 53.16.

2.2.3. Preparation of 2,2-dibromobitriptycene 3

2,3-dibromotriptycene (10 g, 0.024 mol) 2= JtA GHUIA dried tetrahydro furan (150
mL)H A WEHSHH 283 =0 & S 8'2 &J1S Dry ice bathE 0|80t -78 T 2

Ot=1) A2lXE 0/256t0] n-BuLi (8 mL, 0.024 mol)& F6t0d MAGSI &It SHALCH
BISE MOl MAS [MO| ZHNA Xt 22 HEIRULCH BHE AlZ2H2 n-Bulill
Ct EOtE O3 2A12F 2% O 28+8 AIHAZELE dry ice bathE HMAHSH = &40 &
H NMX 25 S FHA 4A12 SO WBHAIHA =L 88 B85 = 3Ly Wi
E 2 StolM SZAIA MAH & = hexane(100 mL)EIIGHD) GHUtAID =H &
LRt MA2SS 22 4 UACH A4S 22-dibromobitriptycene 2 'H NMR2H °C

NMRspectroscopy= Ol 25t01 =I5t CH 'H NMR (300 MHz, CDCLs) & 7.62 (s,
4H), 7.44-732 (m, 8H), 7.06-6.96 (m,8H), 5.36 (d, J= 26.1, 4H), °C NMR (75 MHz,
CDCL3) & 146.45, 144.56, 138.39, 128.61, 126.62, 125.36, 123.72, 119.34, 54.72,
53.96.
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2.2.4. Preparation of 1,1-methylhydro-4,5,8,9,-bis(triptycene)silafluorene 4

2,2-dibromobitriptycene (5 g, 0.008 mol)S L= JtA GHOIAl dried diethyl ether (120

mL)0l A WEHSHH 2683l =0 = US BtS EJ1E Acetone bathE 0| E6tH -78 T 2

A5 0186t -197 C2E0AM 302 8% Zelth Ol %2 SJ10t R &
2EE Ar2 28 M OHSH AIZ2ICH  dichloromethylsilane (1.65 mL, 0.016mol)= 4!
O ot 8 20l EItotd 22 JtA SHHA &=201 € M X SEE 2

ol =OA WEtel 2ZM SH=2 B 22 L2z BHollH 4222 22

= AL, 0] et SRS 4A12F WEtS =0 BS S5 = 3|24 HME 2
OHOILAl S AIA MIASHCE CHAI ether (50 mL)E &t (ol E2HS 2 SHUHIA

S 2 AIHA &0 hexane (100 mL)E 32| 85 FIH A& 8L 20 E2 et M4=

2 22 SO AX AI2ICH A2 2 'H NMRZH “C NMRspectroscopy= 0| 2 504

o
|’O

15124 Ch 'H-NMR (300 MHz, CDCL;) & 7.83 (s, 2H), 7.60 (s, 2H), 7.43-6.92
(m,16H), 5.42 (d, J= 9.6, 4H), 4.62 (q, J= 3.7, 1H), 035 (d, J= 3.8, 3H), “C-NMR
(75 MHz, CDCLs) & 148.14, 146.57, 14535, 14530, 14522, 145.17, 144.36, 133.02,
128.41, 125.49, 125.40, 123.54, 116.69, 54.72, 53.96.
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2.2.5. Preparation of 1,1-dimethyl-4,5,8,9,-bis(triptycene)silafluorene 5

1,1-dimethyl-4,5,8,9,-bis(triptycene)silafluorene®| &4 YWHES 224.01 J|l=st LI
S 2GtH dichlorodimethylsilane (2 mL, 0.016 mol)& &IISICt MEZS2 =& Y
A 22400 Jlms gEHoez 22 = UUCL  gHE MY =0l
1,1-dimethyl-4,5,8.9,-bis(triptycene)silafluorene(siliptycene)  'H-NMR It “C-NMR
spectroscopy= Ol 235101 22154 CH. 'H- NMR (300 MHz, CDCL;) & 7.80 (s, 2H),
7.53 (s, 2H), 7.44-6.93 (m,16H), 5.42 (d, J= 10.5, 4H), 026 (s, 6H) *C NMR (75
MHz, CDCLs) & 147.58, 145.71, 145.41, 145.28, 144.05, 136.20, 127.64, 125.36,
125.29, 123.74, 123.67, 116.41, 54.67, 53.97.

2.2.6. Preparation of 1,1-diphenyl-4,5,8,9-bis(triptycene)sillafluorene 6

ot

1,1-dichloro-4,5,8,9-bis(triptycene)silafluorene (10 g, 0.016mol) =
dried tetrahydrofuran (120 mL)0l W 2t6t0H &3l =HECH & =20
0.032 mol)2 & elXlol F3t dropping funnel®il &It & 8 A

M
S
I>

otOll A
i (18 mL
£ AL

=
=
At

o

x
-
=
)

ol

BISEHol M2 A2 LtMUM AASI &st 28 o2 HGIALE BtSAIZE2
4A12F St WEHAID FECH BISEE F 324 WS 2 GtUM SZAIHA A
st & MES (100 mL)S &6t et AIHAE TS 4 U6t0 hexane (50 mL) &

Jt5t04  MIESHCH  hexane 22 33| O MRS =Ch. 'H NMR2 “C
NMRspectroscopyS 0| 25t0f 0I5t CE 'H-NMR (300 MHz, CDCL;) & 7.84 (s,
2H), 7.65 (s, 2H), 7.41-7.33 (m, 8H), 7.12-6.90 (m, 8H), 5.42 (d, J= 9.6, 4H), 4.88 (q,
J= 3.7, 2H) °C NMR (75 MHz, CDCLs) 8 147.99, 146.55, 145.14, 144.99, 144.38,
135.54, 132.93, 132.76, 129.93, 128.48, 127.95, 125.15, 123.58, 116.63, 54.67, 53.89
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2.2.7. Preparation of spiro-4,5,8,9-bis(triptycene)silafluorene 7

2,2-dibromobitriptycene (5 g, 0.008 mol)S = JtA GLOIA dried  diethyl ether (120
mL)0I A WEHSIH 283l =0 & O3 BHS &J15 Dry ice bathS 0/&6tH -78 C 2

C=2

r
|_

Il

AC
2
[
o
iz
FE
P
i
(@)

|&3t0 n-BuLi (9.4 mL, 0.016 mo)E F 5t A A3l
Dry ice bath € XNIHoILD A2z 2

MOl MO0l =T Ol = &=20M 44128 35 O wWEF Al

0x
S
Qi
3R
[w)
e
0l
o
(O8]
=
r
0x
n
g
e
]
i

in
U
o
1
=
m
2

1]

N

:

_I\_\l_l_
1A
K
0K
12
o
12
A
B
U
=)
0K
9'£
L=
o
J
S
=2
x
(8]
S
HT
0
H1
o
r
9'£
=
e
I
{4
[w
|

Ct& sillicon tetrachloride (2.5 mL, 0.016 mol)S & JtStCt. &It

§_
A 22 24 FHA weh sthh 2N X2 A et EHSZ BoHH o

(H, SlCFAHO] RN ZO| MIIH S oIREE A20AM WEh AIHAFHAN XIS
Sgd HPYES 2 SN =L AHAZ= 2 dried toluene S ZEJF 6O

recrystallization AIAZECH 4= MA22 "C- NMR spectroscopyS 0| 25H0{ =0l
5tSCH 'H-NMR (300 MHz, CDCLs) & 7.85 (s, 4H), 7.41-7.33 (d, 16H), 7.32-7.23
(dd, 8H), 6.98-6.94 (m, 8H), 7.21 (s, 4H), 5451 (s, 4H), 5.17 (s, 4H) C NMR
(75MHz, CDCL3;) & 147.73, 145.08, 144.89, 137.84, 129.61, 129.01, 128.20, 125.13,
123.57, 116.35, 54.65, 53.60.

_10_
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2.2.8. Preparation of 1,1-dichloro-4,5,8,9-bis(triptycene)germafluorene 9

8 mol)= 2= JtA SLOIA dried  diethyl ether (120

mL)0Il A WEHSIH 283l =0 & O3 BHS &J15 Dry ice bathE 0/ &5t -718 C 2

25E ZF & = AeXE 0180t n-BuLi (9.4 mL, 0.016 mol)E Fot0{ A A3l

&It otULH BtE2 3AI2F E& Wt 8t = Dry ice bath £ HMHoIL 4222 2
&

FH EHE 22 SHR0| =0 0l = 420 44128 S5 O wWEF Al

CtE Germanium(1V) chloride(

o
8
il

2 WK 2&£E 2 =HAM Wbk SiCh L2 S22 HIF Lt 80 o2
2XIGHCH 2 Ed MHE 2 StHA S AIAE CtSdried Toluene & &It 6tH
recrystallization AIAZECH SHE MAH22 'HNMR ¥ “C-NMR spectroscopyS 0|
504 20I5H2ICH 'H-NMR (300 MHz, CDCL3) & 7.85 (s, 4H), 7.68 (s, 4H),
7.41-739 (dd, 8H), 7.16-7.00 (m, 8H), , 545 (s, 4H), 517 (s, 4H), C NMR
(75MHz, CDCLs) & 151.03, 147.14, 144.71, 140.45, 139.22, 129.37, 129.99, 1295.55,
125.83, 124.15, 54.955, 53.92.

_11_
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2.2.9. Preparation of 1,1-dihidrio-4,5,8,9-bis(triptycene)germafluorene 10

1,1-dichloro-4,5,8,9,-bis(triptycene)germafluorene (5 g, 0.0077 mol)2 =2 JtA Sl

M tetrahydrofuran (120 mL)0IAM wWEtoHH 2&5| =QICH &A=20 A  LiAlHs (4 mL,

0.004 mol)2 & el X0l F3t0 dropping funnel®il EIt & OIS & &5 £ AIZCH
o

M2 HS LBMN FHBMOR HFIACL B2 AL 4A2 SO

TS M —

T
010
0

2

WEHSHEE BHE B2 = S|Y 4 WHE ZotiA SLAIAHA MH &= methanol (50 mL)
o A& =0t MIE St 20 & &

i

&Jtotl) 6t M &8t = hexane (100 mL)2

3
M M2 210 GHOA HE AIZ2ICH 84S MM 22 'TH-NMR I PC-NMR

ro
i
m

t2CH 'H-NMR (300 MHz, CDCLs) & 7.89 (s, 4H),

OII

spectroscopyS 0| &3ot0] &0l
7.53 (s, 4H), 7.39-7.33 (d, 8H), 6.99-6.95 (dd, 8H), 4.95 (s, 2H), *C NMR (75MHz,
CDCL;) & 147.47, 145.09, 145.03, 144.54, 131.35, 129.89, 125.39, 125.29, 123.58,
123.55, 117.32, 54.54, 53.77.

2.2.10. Preparation of 1,1-diphenyl-4,5,8,9-bis(triptycene)germafluorene 11
1,1-dichloro-4,5,8,9-bis(triptycene)germafluorene (10 g, 0.0154mol)2 = JtA SHUIA
dried tetrahydrofuran (200 mL)0l w5t 2XN3| =0HECH A 20AM PhLi (17.1
mL 0.0308 mol)S A&l X0 F3StH dropping funnelOll EIt & CtS

ZCh PrSsde Mas g2 SN AAMSl &E 24 o=z BIGIRICH BtS
A2E2 SAIZE SOt WBtAIF =L} BIEEE § SHS 22 oloM SZAIZA A
HE=S (100 mL)S &IIot0d w8t AIAE ChS 4 245t] hexane (50 mL) &
Ot5t0l  MI=SHCH  hexane 22 33 O MG FCh 'H NMR2F °C
NMRspectroscopy= 0| 25+0 22154 CH. 'H-NMR (300 MHz, CDCLs;) & 7.82 (s,
2H), 7.63 (s, 2H), 7.39-7.33 (m, 8H), 7.00-6.90 (m, 8H), 5.44 (d, J= 9.6, 4H), 4.85 (q,
J= 3.7, 2H) "C NMR (75 MHz, CDCL;) & 145.95, 144.92, 144.90, 144.39, 135.75,
135.05, 134.72, 134.58, 134.42, 129.75, 129.01. 127.98, 124.84, 124.82, 123.29, 116.86,
54.18, 53.41.

]
-|0|I

_12_
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2.2.11. Preparation of 2,2-dibromobiphenyl 12

1,2-dibromobenzene (24 g, 0.1 mo)S 2= JtA GHOIM dried tetrahydrofuran (250
mL)0l WEHGHH 2835 =HECH B2 EJ|E Dry ice bath € AFE0l1) n-BuLi

(32 mL 0.05 mol)E F 3t dropping funnellfl &It &t CtS AT B3 AIZACH Bt
SEWO MAS 2 LAMN MASI HSFM2Z HGIJALH BHEAIZEE 12A12F
S0t WEHAIA &L Bt8EZ = Ether € &JIot] H,O (1000 mL)Z2 M EHsH =

Ze oM B

MgSO,E OIZ0t0 &0 =22 MAHGIRULE OIZH L0HE SHS

LA HHSE F(rotavap) HEFSES AIEGH0 oM MHEZ2 P2 UL 2O
& MHZ2 hexane (50 mL) EJt & ot MES = hexane 22 33| O AH
5t01 =Ct. 'H NMR2 "“C NMRspectroscopy= Ol 25t0{ 2015t CH 'H- NMR (300
MHz, CDCLy) & 7.67 (4, 2H), 7.45 (d, 2H), 7.34 (d, 2H), 7.28 (d, 2H), *C NMR
(75 MHz, CDCL3) & 131.84, 128.32, 126.37, 125.49

|0

2.2.12. Preparation of 1,1-methylhydro-1-silafluorene 13

2,2-dibromobiphenyl (5 g, 0.016 mol)S &= JtA GHOIAl dried  diethyl ether

010

(120 mL)UI A D EtotH 283l =0 = S S 12 Dry ice bathE 0/ E6t
H-78C 2 2 =
F ot M Aol &It ot

ot A2 2EE

i
C
i

= ¥ AeXE 08380 n-BuLi (20 mL, 0.032 mo)E

UCL BtS2 3AI12F & Wbt 8t = Dry ice bath € HIA
= =2
= o

OtAH Zed&EC 1 Ct3dichloromethylsilane (1.65 mL, 0.016mol)S & JtstCt &It =
A2 0l 2 UK 22 2 F=HA wWbEH S0 2N ZH2 X L2 &
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0

HoF HotH T, oterMol FME0l I =0 of=dE 204 Wet Al

HE=EAM XL A2d HHE 22 StHA SZAIZH HH & = methanol (50

-

8

£
U
0&
A=
Qi
N
2
[~
Qi
2
P
Ja
]
ol

hexane (100 mL)Z 33| 8 & FJt M= StCH 2 HA

£2 22 GH0lM AX AI2ICH 'H NMR2 °C NMR  spectroscopy =
0I25H0{ 20I5CH 'H- NMR (300 MHz, CDCL;) & 7.82 (d, 2H), 7.61 (d, 2H),
7.44 (13H), 724 (1, 3H), 044 (s, 3H), °C NMR (75 MHz, CDCL:) & 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

2 21L01 Jlz=s YYY SLot 2

=
'H-NMR I} "C-NMR spectroscopy= 0| 235t0{ =015t
'H- NMR (300 MHz, CDCL:) & 7.82 (d, 2H), 7.61 (d, 2H), 7.44 (t3H), 7.24 (t, 3H),
0.44 (s, 3H), °C NMR (75 MHz, CDCL3;) & 147.77, 138.90, 131.86, 130.15, 127.65,
120.79, 1.02.

2.2.14. Preparation of 1,1-dichlorosilafluorene 15

2,2-dibromobiphenyl (8 g, 0.013 mol)S &= JtA GHUIA dried  diethyl ether (120 mL)

MM WEHSID 2 X3| =0 & U3 S EJI1Z Dry ice bathE 0|83t0 -78 C & =2

E 45 & & AelXIE 01800 n-BuLi (16.3 mL, 0.026 mo)E Fot0H MASl &

Ot otQUCH BtSE 3AI12F S WBH 8 = Dry ice bath £ HNHGILD A2 2%
& g

O gz SH0| =l 0 = d20lM 4412 3= O Wt AIA

.

=1 EUES WHH HAE 0[E6HH -197 COHAM 302 E@= 2&otAH =0 1

CtSsillicon tetrachloride (4.1 mL, 0.016 mol)2 & J}StCH.

_14_
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ot = &2 0 2 UK 2= 2 FEHA W el 24 2h2 X =
g ZHOZ HHGHH TIM, oferol HE=Z0l I =0 StRFET &20A
WeEb AIHAFEA Xttt F2d HHE 2 ot SL AIHAE US dried

diethyl ether 2 CHAl &It GHOI recrystallization AIHECH S48 S MAH22 “C-NMR
spectroscopy= 0| 250 2015t CH 'H- NMR (300 MHz, CDCL3;) & 7.89 (d, 2H),
739 (d, 2H), 7.20 (t3H), 6.98 (t, 3H), “C NMR (75 MHz, CDCL;) & 14991,
134.28, 132.61, 131.28, 128.18, 120.98.

2.2.15. Preparation of 1,1-dichlorogermafluorene 16
2,2-dibromobiphenyl (10 g, 0.016 mol)S &= JtA GHUIA dried  diethyl ether (120
mL)U A W EtotlH 283 =0 = LS 8tS EJ1E Dry ice bathE 0|E6tH -78 T 2
O n-BuLi (18.8 mL, 0.032 mol)S Fot0OH AAM
ol #Jt GtRUCH BES 3AI2t E% WBH 8 = Dry ice bath € HHGILD &22=2
2EE SdF ZE LZMo M0l O 0 = A4=20KM 4A12F 3= o wet
ANAZ=zD SHS WU HAE 0IE0tH -197 CUHA 302 8% MO LeA=C
71 Ct&SGermanium(1V) chloride (2 mL, 0.016 mol)2 &JI&ICH HIt & &2 0| 2
WK 28 S =HAM wEt sthh S22 ZH2 HIF S22 LM EHoZ

BHotA ZI04, oterael M =0l 4D =0 ofFE X &420A Weh AIAFEHA

4

XIS FEd AHE Z& GlUA S AIHAZ TS dried diethyl ether S CHAI

It 604 recrystallization A|HECH &4 MH22 “C-NMR spectroscopy= 0 =2
5t04 = QI5HUCH 'H- NMR (300 MHz, CDCLs) &

7.85 (d, 2H), 7.75 (d, 2H), 7.53
(t3H), 7.24 (t, 3H), °C NMR (75 MHz, CDCL;) & 142.02, 132.88, 132.06, 131.17,
129.65, 121.91.

_15_
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3. Results and Discussion

3.1. Research of Sensor and Photoluminescence materials

ZI2 MIT2| Swager J1&& 0|2 22 n-n d&S ol&EoHA 2= X8 £
pentiptycene JE At SIef=S HESIH ZHSESS SIHAIA TNTS 22 L=
gXote SSENE HLGH0 210 otACHJ. Am. Chem. Soc., 1998, 120, 11864)°
Pentiptycene = At SEE2 M NDENZA Z2det RAE DKL YD D=

P
X =2t 2AH2X

= = = =
UM 1 20 ¢ef JHXl iptycene & & Rotes =2 U=2AE 4oty 1O &
St& E42 0l806t SE=20H0 2Eot) UCH 0I1E HIE2Z &4 & iptycene

*

g
Pl
ol
(1]
=
ﬁ
|:J
20
|0
=
]
H0
In g
im o=
o
[l
P
N
15
In
X
o o
=
>
kJ
20
|0
=
Id]
[l
P
N
N

(optolectronics)l M OHR S EB0IAH A& CAZH0l JI=0AM S

JI-ELOIA &Xt22d =2

H0
x
0x

>
HU
10
0f0
Ql
fw)

N

z

(electron transporting) 222 L=
A M2l metallafluorene2| +2= X =
StCH Dl 224 KIIDESX0 Hlotdd 1 €¢&28s0] 2= o222
st 2 422 0180t &M SstMA £= OLED-2AM S

Ct.

e
L)

o
Ko
2
=
HT

=
*
]

=)
00
utn

o
-
A
==

$0

3.2. Synthesis of Characterization of Triptycene Metallafluorene

1,2,4,5-tetrabromobenzeneS &4 olJ| 60 1,4-dibromobenzenetil Br,s & JIot=E
2t (Bromination rection)= AIE OtA LM, atsf BHSAIS Scheme 1 Ol LIEFLHUCH
& HE 12,45 tetrabromobenzene2| melting point = 178-180 T UM, +=SE2
80% L.

_16_
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<Compound 1>

. 1,2,4,5-tetrabromo benzene

Br Br Bl'

Br Br

+ Fet™' Br
Br

CCl4
Br

Br Br
MW : 393.70

1

Scheme 1. Synthesis of Compound 1.

1E &1 n-BuLi 1€&S ALE06HH &4 otALH

<Compound 2>

: 2,3-dibromotriptycene

n-BuLi

v

Br Br
-

Br Br

Toluene

MW : 412,12
2

Scheme 2. Synthesis of Compound 2.
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g8 Copound 22| melting point = 190-192 T JA2H =SE2 50-60%JULCH &
A= 2,3,-dibromotriptycene0fl n-BuLi 129E= AtE060H Compound 3 & SHCH &

o BFES A2 Scheme 3.0l LIEFLHRACY.

<Compound 3>

: 2,2-dibromobitriptycene

1% n-BulLi
O Toluene
BE Br Br

MW :664.43
3

Scheme 3. Synthesis of Compound 3.

AJYEHOoZ g4 E 2,2-dibromobitriptycenel| melting point = 220-225 T A2,
T=SE2 50-60%=Z LIEtSICH &HE 2.2-dibromobitriptycene2 0| Z3t0 22t CHE
X8I JHKl= 4,5,8,9-bis(triptycene)metallafluorene S & A 6t A Lt
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<Compound 4, 5, 6>
4 : 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene (siliptycene)
5 : 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene (siliptycene)
6 : 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene (siliptycene)

- SO

MW : 686.91
6

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

b : C,H.Cl,Si, Ether, -178°C

¢ : CH;CLSiH, Ether, -178°C
d : Cp;pHioCLSi, Ether, -178°C

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

_19_



Sung Gi Lee — M.S Thesis Chapter One
Chosun_University, Department of Chemistry

g8 & 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene2| &t S4H2 20t2D|
ol E& ABEHN & AHEHZ =ZHOIULL Fig 12 &S St &2
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene®| S& %L & AWEHZ LIEtH
=5

2 0ICH Fig 1(red)2 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorenel| S AHEE
©F 235nmllA = & IMES 2=Ch Fig 1(blue)dil LIEF WU
>

Il MEES M OtAE EF Ama = 4170m0lA SHLES! 22T E = QI0HRAULCH

Normalized Intensity {arb. unit)

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

Fig 2= 1,1-dimethy1-4,5,8,9-bis(triptycene)silaﬂuorene9| H2U S+ AHEHE LIE
o TJeHZOICH Fig 2(red)2 UV-vis S280lE Amx = 238nmOIAM 2O SHCH
1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene2| & ABESHEZ 238nm= J| mME S
Z OtRAS B2 Fig 2(blue) HA Amx = 42InmZ GHLIS| HZ U E LIEFHLHRUCH

El
ol
@
o
0¥
10 ml
2
N
5
8
N
=
021

1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene Ut

d
O 0l=s8 ZU2 A HI=xg MES YZHAUE =CI6HALCH
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Figure 2. UV-Vis absorption and fluorescence spectra of Compound 5

Fig 32 Compound 52| X-ray single crystallographyS LIEIHCH 2= Hi2b 20l
fluorene #AE JIE PAZ AN U2 LZ0 iptyceneOl HEXCZ ZEHE O
Ae=HE & = ULCL. =2 BRUKER AXS GMBHAI2l SMART APEX CCD
SYSTEM2| HHIE AIE0tH =HOIJULH, 0l &Hot)| |gt Z2H2Z2 Scheme 4
HAM 2= Bt2tZ0l 2,2-dibromobitriptycene0fl dichlorodimethylsilane 19 &S & J}ot
of CHSACE IS0l ¢tESH Compound 5= A20A HHME =0 SolventS
Toluene2 AIE0IH Z2HREXAE L UM, Figure 42t Table 1, Table 2= 22
Packing Diagramd} Crystal Data and Structure Refinement, _12|1) Bond lengths [A] and

angles [°] € LUEIHHRUCH Compound 5= ACIBSHE S BA-EHA CHAZHE

=

Ol Z&01 2FAH0IE 0 AT H=S £€==It ALt JH 22 Compound 5= 02
£E2 dd StgE8s 2+ UULL

_21_



Chapter One

Sung Gi Lee — M.S Thesis

Chosun_University, Department of Chemistry

Figure 3. Thermal Ellipsoid Drawing of Chain Structure of compound 5
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Figure 4. Packing Diagram of the Toluene Solvate of Compound 5

Fa
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Table 1. Crystal Data and Structure Refinement for Compound 5

Identification code Compound 5
Empirical formula C52.50 H41.50 Si
Formula weight 700.45
Temperature 195(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P2(1)/n

Unit cell dimensions

a = 15.3967(12) A°

b = 7.8760(6) A°

c = 33.150(3) A°

Volume 3975.6(5) A
Z 4

Density (calculated) 1.170 Mg/m3
Absorption coefficient 0.095 mm-1
F(000) 1482

Crystal size

0.20 x 011 x 0.10 mm3

Theta range for data collection

1.24 to 28.31°.

Index ranges

—14<=h<=20, -10<=k<=10, -42<=]<=44

Reflections collected

28935

Independent reflections

9892 [R(int) = 0.2131]

Completeness to theta = 28.31°

99.8 %

Absorption correction

None

Refinement method

Full-matrix least-squares on F2

Data / restraints / parameters

9892 / 42 / 477

Goodness—-of—fit on F2

0.893

Final R indices [I>2sigma(l)]

R1 = 0.0841, wR2 = 0.1857

R indices (all data)

R1 = 0.2904, wR2 = 0.2907

Largest diff. peak and hole

0.593 and -0.403 e.A3
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Table 2. Bond lengths [A] and angles [°] for Compound 5

Si(1)-C(42) 1.858(6) C(24)-C(25) 1.3834(7)
Si(1)-C(41) 1.870(6) C(24)-C(40) 1.516(7)
SihH-CA) 1.876(5) C(25)-C(26) 1.406(7)
Si(1)-C(21) 1.834(5) C27)-C(34) 1.529(7)
CH-C2) 1.402(7) C27)-C(28) 1.530(7)
C()-C®) 1.403(7) C(28)-C(29) 1.378(7)
C2)-CB) 1.386(7) C(28)-C(33) 1.409(7)
CB3)-CH) 1.403(6) C(29)-C(30) 1.383(7)
CB)-C() 1.522(7) C(30)-C(31) 1.383(8)
C)-CB) 1.367(7) C3B1)-C(32) 1.334(8)
C(4)-C(20) 1.525(7) C(32)-C(33) 1.392(7)
C(B)-C®) 1.403(7) C(33)-C(40) 1.525(7)
C6)-C(26) 1.494(7) C34)-C(35) 1.384(7)
C(DH-C®) 1.512(7) C34-C(39) 1.402(6)
C(1n-C(4) 1.520(7) C(35)-C(36) 1.391(7)
CB)-CO) 1.378(7) C(36)-C(37) 1.378(7)
C(®)-C(13) 1.389(7) C37)-C(38) 1.396(7)
C(9)-CQ0) 1.401(8) C(38)-C(39) 1.392(7)
C(10)-C{11) 1.375(8) C(39)-C(40) 1.511(7)
C11)-Ca2) 1.387(8) C{43)-C{44) 1.390(13)
C(12)-C{13) 1.382(7) C(44)-C45) 1.39
C(13)-C(20) 1.526(7) C(44)-C(49) 1.39
C(14)-Ca5) 1.388(7) C{45)-C(46) 1.39
C(14)-C19) 1.400(7) C{46)-C{47) 1.39
C(15)-C16) 1.397(7) C47)-C{48) 1.39
C(16)-Ca7) 1.381(8) C(48)-C(49) 1.39
Ca7)-Cas) 1.381(8) C(50)-C(52) 1.242(17)
C(18)-C(19) 1.373(7) C(51)-C(53)#1 1.310(11)
C(19)-C(20) 1.521(7) C(B1)-C(52) 1.373(11)
C21)-C(22) 1.396(7) C(52)-C(53) 1.420(12)
C21)-C(26) 1.407(6) C(53)-CBD#L 1.310(11)
C(22)-C(23) 1.378(7) C(42)-5i(1)-C41) [110.7(3)
C(23)-C(24) 1.405(6) C(42)-5i(1)-C1)  [114.9(3)
C(23)-C(27) 1.519(7) C4D-Si(1)-CA)  [111.7(3)
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Table 2. Continue

C(42)-5i(1)-C(21) [115.8(3) CA7)-C{16)-C(15) [120.8(6)
C(41D)-Si(1)-C(21) [111.2(3) CA8)-C17)-C(16) [120.7(5)
C()-5i1)-C21)  [91.4(2) C(19)-C(18)-C(17) [119.2(5)
C(2)-C)-C®) 119.0(5) C(8)-C(19)-C(14) [120.7(5)
C2)-CA)-sil) 131.5(4) C8)-C(19)-C(20) [127.1(5)
C6)-CA)-sil) 109.4(4) C(14)-C(19)-C(20) [112.2(5)
CB)-C(2)-C) 120.3(5) C(19)-C(20)-C(4) _ [106.0(4)
C(2)-CB)-C) 119.4(5) C(19)-C(20)-C(13) [106.4(4)
C2)-CB)-C() 128.2(5) C(4)-C(20)-C(13) [105.0(4)
C)-CB)-C() 112.4(4) C(22)-C(21)-C(26) [118.3(4)
C(H)-CA4)-CB) 121.7(5) C(22)-C(21)-5i(1) [132.7(4)
C(B)-C(4)-C(20)  [125.2(5) C(26)-C(21)-5i(1) [108.7(4)
C(3)-C(4)-C(20)  [113.0(5) C(23)-C(22)-C(21) [121.1(5)
C)-C(B)-C6) 118.8(5) C(22)-C(23)-C(24) [120.1(5)
C(B)-CB)-CA) 120.8(5) C(22)-C(23)-C(27) [127.3(5)
CHB)-CE-C26)  [124.2(4) C(24)-C(23)-C(27) [112.5(4)
C()-C(6)-C(26)  [114.9(4) C(25)-C(24)-C(23) [120.4(5)
C®)-C(N-C14)  [105.9(4) C(25)-C(24)-C(40) [126.1(4)
CB)-C(N-CB) 105.9(4) C(23)-C(24)-C(40) [113.5(5)
Ca4-C(NH-CE)  [105.9(4) C(24)-C(25)-C(26) [119.0(5)
CO-CE®-CU3) [119.8(5) C(25)-C(26)-C(21) [121.2(5)
C9-CR)-C() 127.0(5) C(25)-C(26)-C(6) [123.2(5)
C13)-CR®-C(7) _ [113.2(5) C(21)-C(26)-C(6) [115.5(4)
C®)-C(9-Ca0)  [119.4(6) C(23)-C(27)-C(34) [106.9(4)
C1)-CU0)-CO) [120.0(6) C(23)-C27)-C(28) [104.9(4)
C(10)-C11)-C(12) [121.0(6) C(34)-C(27)-C(28) [106.0(4)
C(13)-C12)-C(11) [118.5(6) C(29)-C(28)-C(33) [120.3(5)
C(12)-CU3)-C(8) [121.2(5) C(29)-C(28)-C(27) [127.9(5)
C(12)-CU3)-C(20) [125.8(5) C(33)-C(28)-C(27) [111.8(4)
CB)-CA3)-C(20)  [113.0(4) C(28)-C(29)-C(30) [119.0(5)
C(15)-C14)-C(19) [120.3(5) C(31)-C(30)-C(29) [121.5(6)
CA5-CU4)-C(7)  126.2(5) C30)-CED-C(32) [119.9(5)
C(19)-Cu4)-C(7) _[113.5(5) C(31)-C(32)-C(33) [119.6(5)
C(14)-C15)-C16) [118.3(5) C(32)-C(33)-C(28) [119.7(5)
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Table 2. Continue

C(32)-C(33)-C(40) 126.6(5)
C(28)-C(33)-C(40) 113.7(4)
C(35)-C(34)-C(39) 120.6(5)
C(35)-C(34)-C(27) 126.5(4)
C(39)-C(34)-C(27) 112.8(4)
C(34)-C(35)-C(36) 119.3(5)
C(37)-C(36)-C(35) 120.7(5)
C(36)-C(37)-C(38) 120.3(5)
C(39)-C(38)-C(37) 119.6(5)
C(38)-C(39)-C(34) 119.5(5)
C(38)-C(39)-C(40) 127.3(5)
C(34)-C(39)-C(40) 113.2(4)
C(39)-C(40)-C(24) 106.1(4)
C(39)-C(40)-C(33) 106.1(4)
C(24)-C(40)-C(33) 104.8(4)
C(43)-C(44)-C(45) 118.1(10)
C(43)-C(44)-C(49) 121.8(10)
C(45)-C(44)-C(49) 120
C(44)-C(45)-C(46) 120
C(47)-C(46)-C(45) 120
C(46)-C(47)-C(48) 120
C(49)-C(48)-C(47) 120
C(48)-C(49)-C(44) 120
C(53)#1-C(51)-C(52) 122.3(9)
C(50)-C(52)-C(51) 124.8(14)
C(50)-C(52)-C(53) 115.6(13)
C(51)-C(52)-C(53) 119.5(9)
C(5D#1-C(563)-C(52) 118.2(9)
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Figure 5. UV-Vis absorption and fluorescence spectra of Compound 6

Fig 5= 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene2| =22 1 tEl
H DM ZO0ICE Fig 5@ed)2 UV-vis E8O0lE Amae = 290nmOIA O L

1= (]
4+ ABERS

-

o

A

1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene2| & ABEEH 2 290nm=S I WE2

2 olUES B Fig 5(blue) OIA Apa = 405nmZE OHLES| 2 &[S LHEHHALTH
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1000 . |
—&—9,10-diphenyl anthracene
—H— Compound 4
—%— Compound 5
800 -
£ 600 | -
Z
H
= 400 | .
200 - -
0 S . = e S
300 350 400 450

Wavelength (nm)

Figure 6. Quantum efficiency of Compound 4 and Compound S

A& Compound 4, Compound 50 CHSt

il

A =82 o)l oM =0H

Cylohexane=S AESIR20, SEAl AIE= =1

2 OtchOll LIEHH A0 25t A& S0 &

Quantum yield = [Q (standard%) x absorption(standard) x FL area (sample) x nD2
(sample)] /[absorption(sample) x FL area (standard) x nD2 (standard)]
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<Compound 7>

7 : spiro-4,5,8,9-bis(triptycene)silafluorene

Ether, -178 °C

O oo
S0

MW : 1037.3
7

Scheme 5. Synthesis of Compound 7.

2,2-dibromobenzenel n-BuLiE 29 & &HIIot) 2&E -78 CTUHAM 6AI2H =2 B3
A2 C+2 CHAl <178 T2 e =0 302 = 1.5 22 silicon tetrachlorideE &
Jtot™ 1,1-dichloro-4,5,8,9-bis(triptycene)silafluorene 1t
spiro-4,5,8,9-bis(triptycene)silafluorene (compound 7)0| & & & Lt

S =™ s 2ZH0IJ] W20

spiro-4,5,8,9-bis(triptycene)silafluorene 2 2 BtS0| O & 0IFH&EIC

1,1-dichloro-4,5,8,9-bis(triptycene)silafluorene2 =270l OH

A
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<Compound 8>

8 : 2,2-dihydrobitriptycene

Toluene, Reflux

2 Na O ) Q
- Q‘qg Q“O

MW : 506.6
8

Scheme 6. Synthesis of Compound 8.

Scheme 62| SHYHZ Scheme 50lM & &E spiro-4,5,8,9-bis(triptycene)silafluorene
(10g, 0.0096 mol)0ll Na, LiE 2&& &HItotd 6AI2F S0t Reflux BHE AlZ2I TS &

2d RIIE0E FilterE AMIEGSHH GHUE H=CH Ot = SH| LHAGHHA S
ZAIHA powder EEHS DHME S = UL 2HE DHME THFE ALE6HH =0l
CtS MeOH(100 mL)0l & &ol EIt AI2ICH MeOHOl =Xl &2 OME ChAl Fiter

£ MESH Ol A2l O8 SIIE0MHE ZotoA HA  AIZICH g

St
=

Compound82| =SE2 50%0ICt
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Figure 7. Thermal Ellipsoid Drawing of Chain Structure of Compound 7
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Figure 8. Packing Diagram of the Toluene Solvate of Compound 10
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Table 3. Crystal Data and Structure Refinement for Compound 10

Identification code Compound 10
Empirical formula C99.25 H70 Si
Formula weight 1290.64
Temperature 396(2) K
Wavelength 0.71073 A
Crystal system Triclinic
Space group P-1
a = 11.742(2) A°
Unit cell dimensions b = 16.708(3) A°
c = 23.184(5) A°
Volume 4329.2(14) A
7 2
Density (calculated) 0.990 Mg/m3
Absorption coefficient 0.069 mm-1
F(000) 1359
Crystal size 0.30 x 0.11 x 0.02 mm3
Theta range for data collection |1.36 to 26.00°.
Index ranges -14<=h<=14, -20<=k<=20, -28<=]<=28
Reflections collected 68465
Independent reflections 17033 [R(int) = 0.1525]
Completeness to theta 26.00°, 100.0 %
Max. and min. transmission 0.9986 and 0.9796
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters [17033 / 21 / 948
Goodness—of-fit on F2 1.045
Final R indices [I>2sigma()] |R1 = 0.0887, wR2 = 0.1908
R indices (all data) R1 = 0.2005, wR2 = 0.2140
Extinction coefficient 0.0054(4)
Largest diff. peak and hole 0.626 and -0.312 e.A3
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Table 4. Bond lengths [A] and angles [°] for Compound 10

SiH)-CA) 1.835(4) C(24)-C(25) 1.513(6)
Si(1)-C(41) 1.850(4) C(24)-C@37) 1.529(5)
Si(1)-C(80) 1.855(4) C(25)-C(26) 1.385(6)
Si(1)-C(40) 1.858(4) C(25)-C(30) 1.401(6)
CH-C2) 1.405(5) C(26)-C(27) 1.404(6)
C(1)-C(20) 1.427(5) C27)-C(28) 1.359(7)
C2)-C3) 1.378(5) C(28)-C(29) 1.383(7)
C(3)-C(8) 1.408(5) C(29)-C(30) 1.386(6)
C3)-CH) 1.501(5) C(30)-C(31) 1.513(6)
C(4-CcAa) 1.532(6) C3B1)-C(32) 1.526(5)
C)-CB) 1.535(5) CEB1)-C(38) 1.528(5)
C5)-C©) 1.378(5) C(32)-C37) 1.379(5)
C(B)-CA0) 1.393(6) C(32)-C(33) 1.390(5)
CB)-C(7) 1.396(6) C(33)-C(34) 1.390(6)
C(NH-C®) 1.385(6) C(34)-C(35) 1.367(6)
C8)-CO) 1.413(6) C(35)-C(36) 1.390(6)
C(9)-C(10) 1.372(5) C(36)-C(37) 1.390(5)
C0)-can 1.529(5) C(38)-C(39) 1.366(5)
Ca1n-cav) 1.520(5) C(39)-C(40) 1.390(5)
Can-ca2) 1.522(6) C(41)-C(60) 1.383(5)
C(12)-C(13) 1.364(6) C41)-C42) 1.390(5)
C(2)-¢Aa7) 1.375(6) C{42)-C43) 1.372(5)
C(13)-C14) 1.403(8) C(43)-C(58) 1.393(5)
C(14)-C(15) 1.366(8) C{43)-C{44) 1.524(5)
C(15)-C(16) 1.377(7) C(44)-C45) 1.515(5)
C(16)-ca7) 1.381(6) C(44)-C(7) 1.521(6)
C(18)-C(19) 1.386(5) C{45)-C(46) 1.378(5)
C(19)-C(20) 1.394(5) C(45)-C(50) 1.407(6)
C(20)-C(21) 1.492(5) C{46)-C{47) 1.412(6)
C21D)-C(40) 1.397(5) C47)-C{48) 1.364(6)
CD-C(22) 1.417(5) C{48)-C(49) 1.384(6)
C(22)-C(23) 1.334(5) C(49)-C(50) 1.381(6)
C(23)-C(38) 1.397(5) C(50)-C(51) 1.538(6)
C(23)-C(24) 1.529(5) C(B1)-C(58) 1.530(5)
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Table 4. Continue

C(6D-C(2)  11.540(6) C(81)-C(82) 1.493(9)
C(52)-C(3)  11.391(6) C(82)-C(87) 1.391(8)
C(62)-C(B7) 11.396(6) C(82)-C(83) 1.397(10)
C(63)-C(B4)  1.418(7) C(83)-C(84) 1.377(11)
C(54)-C(B5)  11.369(7) C(84)-C(85) 1.400(11)
C(55)-C(6)  1.347(7) C(85)-C(86) 1.346(9)
C(56)-C(57)  11.380(6) C(86)-C(87) 1.411(9)
C(B8)-C(B9)  11.398(5) C(100)-CA0D) 1.44(2)
C(59)-C(60)  1.413(5) C(101)-C102) 1.39
C60)-C(61)  ]1.513(5) C(101)-C106) 1.39
C(61)-C(80)  ]1.400(5) C(102)-C103) 1.39
C6D)-C(62)  11.404(5) C(103)-C104) 1.39
C62)-C63)  11.384(5) C(104)-C105) 1.39
C63)-C(78)  11.391(5) C(105)-C106) 1.39
C(63)-C64)  1.511(6) C(200)-C(201) 1.46(2)
C(64)-C(65)  ]1.510(6) C(201)-C(202) 1.39
C64)-C(77)  11.516(7) C(201)-C(206) 1.39
C(65)-C(70)  11.379(6) C(202)-C(203) 1.39
C(65)-C(66)  11.397(6) C(203)-C(204) 1.39
C(66)-C(67)  11.386(7) C(204)-C(205) 1.39
CE7)-C68)  11.361(7) C(205)-C(206) 1.39
C(68)-C(69)  1.355(7) C(300)-C(301) 1.482(14)
C(69)-C(70)  11.392(6) C(301)-C(302) 1.39
Cr0)-C(71)  11.511(6) C(301)-C(306) 1.39
C(7)-C(72)  ]1.507(6) C(302)-C(303) 1.39
C(7)-C(78)  ]1.533(5) C(303)-C(304) 1.39
Cr2)-C(77)  11.366(7) C(304)-C(305) 1.39
C(72)-C(73)  11.401(7) C(305)-C(306) 1.39
C(73)-C(74)  ]1.405(8) C(1)-5i1)-C{41) 116.96(17)
CrH)-C(75)  11.41709) C(1)-5i1)-C(80) 123.59(18)
C(75)-C(76)  11.388(8) C(41)-5i(1)-C(80) 91.77(18)
C(16)-C(77)  11.391(7) C(1)-5i(1)-C(40) 92.15(18)
C(78)-C(79)  11.391(5) C(41)-Si(1)-C(40) 118.08(18)
C(79)-C(80)  ]1.406(5) C(80)-5i(1)-C(40) 116.81(17)
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Table 4. Continue

C(2)-C(1)-C(20) 117.8(4) €(19)-C18)-C(11) 127.3(4)
C@2)-CA)-sil) 132.0(3) C(3)-C(18)-C(11) 111.7(4)
C(20)-C1)-Sid)  [109.8(3) C(8)-C19)-C(20) 119.94)
CB)-C(2)-C) 122.1(4) C(19)-C(20)-C(1) 120.3(4)
C(2)-C(3)-CU8) 118.9(4) C(19)-C(20)-C(21) 126.4(4)
C(2)-CB)-C) 127.2(4) C(1)-C(20)-C(21) 113.3(3)
C8)-C(3)-C(4) 113.9(4) C(40)-C(21)-C(22) 119.5(4)
C(3)-C(4)-Cam 105.1(3) C(40)-C(21)-C(20) 115.5(4)
CB)-C4)-CHB) 105.9(3) C(22)-C(21)-C(20) 125.0(4)
CA7N-C4)-C(5) 105.3(3) C(23)-C(22)-C(21) 118.5(4)
C(6)-C(5)-C10) 121.7(4) C(22)-C(23)-C(38) 121.1(4)
C6)-C(B)-C) 125.6(4) C(22)-C(23)-C(24) 126.7(4)
Ca0)-CHB)-CH) 112.6(3) C(38)-C(23)-C(24) 112.2(4)
CH)-CB)-C) 118.4(4) C(25)-C(24)-C(23) 106.2(3)
CB)-C(N-C©) 120.6(4) C(25)-C(24)-C(37) 105.9(3)
C(N-CB)-CH) 120.1(4) C(23)-C(24)-C(37) 106.0(3)
C10)-C9)-C®) 119.1(4) C(26)-C(25)-C(30) 119.8(4)
C(9)-C10)-C(5) 120.1(4) C(26)-C(25)-C(24) 127.3(4)
C9-Cao-cany  [127.0(4) C(30)-C(25)-C(24) 112.9(4)
CH)-Ca0-can  [112.9(4) C(25)-C(26)-C(27) 118.8(5)
C8)-C(11)-C12) ]106.9(3) C(28)-C(27)-C(26) 121.0(5)
C18)-C(11)-CA0) 105.7(3) C27)-C(28)-C(29) 120.7(5)
C12)-C(11)-C10) ]105.9(3) C(30)-C(29)-C(28) 119.3(5)
C13)-C2)-CA7) 121.2(5) C(29)-C(30)-C(25) 120.3(5)
C13)-C12)-CA1) ]126.4(5) C(29)-C(30)-C(31) 126.7(5)
Ca7)-C12)-Ca1) |112.3(4) C(25)-C(30)-C(31) 113.0(4)
C12)-C(13)-C14) |118.5(6) C(30)-C(31)-C(32) 105.1(3)
C(15)-C(14)-C(13) 120.6(6) C(30)-C(31)-C(38) 106.2(3)
C14)-C15)-C16) 120.0(6) C(32)-C(31)-C(38) 105.3(3)
C15)-C16)-CA7) ]119.8(6) CE7)-C(32)-C(33) 119.1(4)
C12)-CA7)-CA6) |119.8(4) CE7)-C(32)-C3E1) 114.04)
C12)-Ca7-C4) |114.1(4) C(33)-C(32)-C(31) 126.9(4)
C16)-Ca7-C(4) 126.1(5) C(32)-C(33)-C(34) 120.0(4)
C19)-C8)-C(3)  ]121.0(4) C(35)-C(34)-C(33) 120.2(4)
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Table 4. Continue

C(34)-C(35)-C(36) [120.7(4) C(53)-C(52)-C(57) 1120.5(5)
C@E7N-CE6)-C(35) |118.7(4) C(53)-C(52)-C(51) 126.1(5)
CB32)-CEN-C(36) [121.2(4) C(EN-C(B2)-C(B1)  113.4(4)
C(32)-C(37)-C(24) |112.3(4) C(52)-C(B3)-C(x4) 117.2(5)
C(36)-C(37)-C(24) (126.4(4) C(55)-C(B4)-C(53) 121.5(5)
C(39)-C(38)-C(23) (120.4(4) C(56)-C(55)-C(54) (119.8(6)
C(39)-C(38)-C(31) |126.2(4) C(55)-C(56)-C(57) 121.6(6)
C(23)-C(38)-C(31) |113.3(4) C(56)-C(B7)-C(52) (119.4(5)
C(38)-C(39)-C(40) [119.9(4) C(56)-C(B7)-C(44) 11275(5)
C(39)-C(40)-C(21) |120.6(4) C(52)-C(B7-C44) 111314)
C(39)-C(40)-Si1) |130.3(3) C(43)-C(B8)-C(59) (119.8(4)
C(21)-C(40)-Si1) |109.1(3) C43)-C(B8)-C(51) 113.54)
C0)-CUD-C(42) 1120.0(4) C(59)-C(B8)-C(51) |126.7(4)
C60)-C(4D-Si(1)  (109.9(3) C(58)-C(59)-C(60) |118.7(4)
C(42)-C(4D)-Si1)  |130.2(3) C(41)-C60)-C(59) 1120.4(4)
C(43)-C(42)-C(41) |120.1(4) C(41)-C60)-C(61) (114.5(4)
C(42)-C(43)-C(58) [120.9(4) C(59)-C60)-C(61) 125.0(4)
C(42)-C(43)-C(44) |126.0(4) CB0)-C61)-C(62) 120.4(4)
C(BR)-C(43)-C(44) [113.0(3) CB0)-C61)-C(60) (113.8(4)
C45)-C(44)-C(57) [106.1(3) C(62)-C(61)-C(60) 125.7(4)
C(45)-C(44)-C(43) [105.9(3) C(63)-C62)-C(61) (119.2(4)
CB7)-C(44)-C(43) [105.8(3) C(62)-C(63)-C(78) 1120.8(4)
C46)-C(45)-C(50) [120.3(4) C(62)-C(63)-C(64) 126.8(4)
C46)-C(45)-C(44) |126.6(4) C78)-C(63)-C(64) (112.3(4)
C(B0)-C(45)-C(44) [113.0(4) C(65)-C64)-C(63) 108.3(4)
C5)-CU6)-CUT) [118.9(4) C(65)-C64)-C(77) 1103.9(4)
CU8)-CUN-C(46) [119.7(5) C(63)-C64)-C(77) 1104.5(4)
CUN-CUR)-C(49) [122.0(5) C(70)-C(65)-C(66) |119.1(4)
CHBO)-C(19)-CM8) [118.7(5) C(70)-C(65)-C(64) |113.6(4)
C49)-C(BO)-CMU5) 1120.2(4) C(66)-C(65)-C(64) 127.2(5)
C19)-C(HBO)-C(B1) [126.6(4) C67)-C(66)-C(65) |118.8(5)
C(45)-C(B0)-C(51) |113.2(4) C(68)-C67)-C(66) 121.2(5)
CHBR)-CHBD-CKBO) [105.7(3) C(69)-C(68)-C(67) 1120.5(5)
CBR)-C(BD-C(52) 104.0(4) C(68)-C(69)-C(70) 1119.8(5)
C(HB0)-CBD-C(52) [105.3(4) C(65)-C(70)-C(69) 1120.5(4)
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Table 4. Continue

C(65)-C(70)-C(71) 112.8(4)
C(69)-C(70)-C(71) 126.7(4)
C(72)-C(71)-C(70) 105.0(4)
C(72)-C(71)-C(78) 106.3(4)
C(70)-C(71)-C(78) 105.3(3)
Crn-C(72)-C(73) 121.5(6)
C(r7)-C(72)-C(71) 113.0(5)
C(73)-C(72)-C(71) 125.4(5)
C(72)-C(73)-C(74) 115.3(7)
C(73)-C(74)-C(75) 123.5(7)
C(76)-C(75)-C(74) 118.8(7)
C(75)-C(76)-C(77) 117.6(7)
C(72)-C(77)-C(76) 123.2(6)
C(72)-C(77)-C(64) 113.8(5)
C(16)-C(77)-C(64) 122.8(6)
C(79)-C(78)-C(63) 120.2(4)
C(79)-C(78)-C(71) 126.8(4)
C(63)-C(78)-C(71) 113.0(4)
C(78)-C(79)-C(80) 119.7(4)
C(61)-C(80)-C(79) 119.4(4)
C61)-C(80)-5i(1) 109.4(3)
C(79)-C(80)-5i(1) 130.7(3)
C87)-C(82)-C(83) 112.6(8)
C87)-C(82)-C(81) 122.0(7)
C(83)-C(82)-C(81) 125.3(8)
C(84)-C(83)-C(82) 125.7(9)
C(83)-C(84)-C(85) 119.1(10)
C(86)-C(85)-C(84) 118.0(10)
C(85)-C(86)-C(87) 121.5(9)
C(82)-C(87)-C(86) 123.1(8)
C(102)-C(101)-C(106) 120
C(102)-C(101)-C100) 125.1(12)
C(106)-C(101)-C100) 114.9(12)
C(103)-C102)-C101) 120
C(104)-C103)-C102) 120
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Table 4. Continue

C(79)-C(80)-5i(1) 130.7(3)
C(87)-C(82)-C(83) 112.6(8)
C(87)-C(82)-C(81) 122.0(7)
C(83)-C(82)-C(81) 125.3(8)
C(84)-C(83)-C(82) 125.7(9)
C(83)-C(84)-C(85) 119.1(10)
C(86)-C(85)-C(84) 118.0(10)
C(85)-C(86)-C(87) 121.5(9)
C(82)-C(87)-C(86) 123.1(8)
C(102)-C(101)-C(106) 120
C(102)-C(101)-C(100) 125.1(12)
C(106)-C(101)-C(100) 114.9(12)
C(103)-C(102)-C(101) 120
C(104)-C(103)-C(102) 120
C(103)-C(104)-C(105) 120
C(106)-C(105)-C(104) 120
C(105)-C(106)-C(101) 120
C(202)-C(201)-C(206) 120
C(202)-C(201)-C(200) 112.3(14)
C(206)-C(201)-C(200) 127.7(14)
C(203)-C(202)-C(201) 120
C(202)-C(203)-C(204) 120
C(203)-C(204)-C(205) 120
C(206)-C(205)-C(204) 120
C(205)-C(206)-C(201) 120
C(302)-C(301)-C(306) 120
C(302)-C(301)-C(300) 121.2(10)
C(306)-C(301)-C(300) 118.2(10)
C(303)-C(302)-C(301) 120
C(302)-C(303)-C(304) 120
C(303)-C(304)-C(305) 120
C(306)-C(305)-C(304) 120
C(305)-C(306)-C(301) 120
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Figure 9. Thermal Ellipsoid Drawing of Chain Structure of Compound 8
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Table 5.

Crystal Data and Structure Refinement for Compound 8

Identification code copound 8
Empirical formula Ch4 H42
Formula weight 690.88
Temperature 223(2) K
Wavelength 0.71073 A
Crystal system Triclinic
Space group P-1

Unit cell dimensions

a = 9.693(4) A°

b = 10.157(4) A°

c = 10571(4) A°

Volume 959.1(6) A

Z 1

Density (calculated) 1.196 Mg/m3
Absorption coefficient 0.067 mm-1
F(000) 366

Crystal size

0.20 x 0.18 x 0.05 mm3

Theta range for data collection

1.94 to 28.43°.

Index ranges

-12<=h<=6, -13<=k<=13,
-14<=I<=13

Reflections collected

1206

Independent reflections

4718 [R(int) = 0.0432]

Completeness to theta

= 2843° 97.6 %

Absorption correction

None

Refinement method

Full-matrix least-squares on F2

Data / restraints / parameters

A718 / 0 / 245

Goodness—of—fit on F2

1.042

Final R indices [I>2sigma(l)]

R1 = 0.0878, wR2 = 0.2596

R indices (all data)

R1 = 0.2147, wR2 = 0.3338

Largest diff. peak and hole

0.263 and -0.277 e.A3
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Table 6. Bond lengths [A] and angles [°] for Compound 8

C(1)-C(2) 1.359(6)
C(1)-C6) 1.394(6)
C(1)-C(14) 1.520(6)
C(2)-C(3) 1.390(7)
C(3)-C4) 1.368(7)
C(4)-C(5) 1.365(6)
C(5)-C(6) 1.376(6)
C(6)-C(7) 1.514(6)
C(7)-C(20) 1.509(6)
C(7)-C(8) 1.528(6)
C(8)-C(9) 1.368(6)
C(8)-C(13) 1.394(6)
C(9)-C(10) 1.374(7)
C(10)-C(11) 1.374(8)
Ca1)-Ca2) 1.373(8)
C(12)-C(13) 1.378(6)
C(13)-C(14) 1.506(7)
C(14)-C15) 1.519(6)
C(15)-C(16) 1.365(6)
C(15)-C(20) 1.397(5)
C(16)-Ca7) 1.377(6)
C(7)-Ca8) 1.385(5)
C(18)-C(19) 1.389(6)
C(18)-C(18)#1 1.504(8)
C(19)-C(20) 1.375(5)
C(21)-C(22) 1.365(8)
C(21)-C(26) 1.373(10)
C(2D-C(27) 1.484(9)
C(22)-C(23) 1.362(8)
C(23)-C(24) 1.341(10)
C(24)-C(25) 1.336(11)
C(25)-C(26) 1.390(11)
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Table 6. Continue

C(2)-C(1)-C(6) 119.8(4) C(13)-C(14)-C(15) |106.0(3)
C(2)-C(1)-C4) 127.4(4) C(13)-Cca14)-c) 106.3(4)
C(6)-C(1)-C(14) 112.8(4) C(15)-C(14)-C(1) 105.2(3)
C(1)-C(2)-CB3) 119.7(5) C(16)-C(15)-C(20)  [119.4(4)
C(4)-C(3)-C(2) 120.0(5) C(16)-C(15)-C(14) [128.0(4)
C(5)-C(4)-C(3) 120.8(5) C(20)-C(15)-C(14) [112.6(4)
C(4)-C(5)-C(6) 119.3(4) C(15)-C(16)-C(17) [120.4(4)
C(5)-C(6)-C(1) 120.3(4) C(16)-C(17)-C(18) [121.4(4)
C(5)-C(6)-C(7) 126.6(4) Ca7)-C(18)-C(19) [117.7(4)
C(1)-C(6)-C(7) 113.0(4) C(17)-C(18)-C(18)#1|121.8(5)
C(20)-C(7)-C(6) 105.2(3) C(19)-C(18)-C(18)#1(120.4(5)
C(20)-C(7)-C(8) 106.0(3) C(20)-C(19)-C(18) |121.3(4)
C(6)-C(7N-C(8) 106.2(3) C(19)-C(20)-C(15) |119.8(4)
C(9)-C(8)-C(13) 121.1(4) C(19)-C(20)-C(7) 127.0(4)
C(9)-C(8)-C(7) 126.6(4) C(15)-C(20)-C(7) 113.2(4)
C(13)-C(8)-C(7) 112.3(4) C(22)-C(21)-C(26) |117.6(7)
C(8)-C(9)-C(10) 118.8(5) C(22)-C(21)-C(27) |121.5(7)
C(1)-C10)-C(9) 120.9(6) C(26)-C(21)-C(27)  {120.9(8)
C(12)-Ca1-CA0) ]120.2(5) C(23)-C(22)-C(21) [121.5(6)
Ca1)-C2)-C(13) [119.9(5) C(24)-C(23)-C(22) [120.2(7)
C(12)-C(13)-C(8) 119.1(5) C(25)-C(24)-C(23)  [120.5(8)
C2)-C13)-C(14) [127.4(5) C(24)-C(25)-C(26)  [120.0(7)
C(8)-C(13)-C(14) 113.6(4) C(21)-C(26)-C(25) [120.2(7)
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<Compound 9, 10, 11>
9 : 1,1-dichloro-4,5,8,9-bis(triptycene)germafluorene
10 : 1,1-dihydrio-4,5,8,9-bis(triptycene)germafluorene
11 : 1,1-diphenyl-4,5,8,9-bis(triptycene)germafluorene

O e avp vl

MW 664.43
3

O &
— OO

MW :684.16

$ . \

=

MW 579.27 MW :731.47
10 11

a : 2 n-BuLi, Ether, -78C
b : ClGe, Ether, -178°C
¢ : 1/2 LiAlH4, THF, r.t
d : 2 PhLi, THF, r.t

Scheme 7. Synthesis of Compound 9, 10, 11.
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1,1-dichloro-4,5,8,9-bis(triptycene)germafluorene 2| & LS Scheme 70 LIEHLHA
Ct. 1,2,4,5-tetrabromobenzene= A& G0 2,2-diboromobenzneE & &dt] O J|0fl

tetrachloro germanium 1= &S It & & &HCL

Olet &0 &&E I1,1-dichloro-4,5,8,9-bis(triptycene)germafluorene2 CAl LiAIHsZ Ol
Z&t & EBt=21t PHLiS 0I8ol( XIS&ESS AIIIHEE He HFEH =82

1,1-dihydrio-4,5,8,9-bis(triptycene)germafluorene 1t

1,1-diphenyl-4,5,8,9-bis(triptycene)germafluoreneS 2= QUCH. F JHAl =2
melting point= 300 C O|&CZ =F HUALH, =SE=2 22 60% 2 65% =

< Ch.

Fig 112 Compound 72| X-ray single crystallographyS LIEIHCH 2= HE2L 20|
fluorene XS J|l2 PAZ JIXLD U2H HE0HE(Ge)E SALZ ot= 5241
O ZE 0l iptyceneOl HEHCZ AN U=sAS & = ULH 012 HotI| A
ot XAHSZF Scheme 60Al 2= Bt 201  2,2-dibromobitriptycenelil tetrachloro
germanium= 1€ & ISt S ACE 1,1-dichloro-4,5,8,9-bis(triptycene)germafluorene
2 3710l e StESIH =01 D & ML €2 A2 XsE &
EHZ2 22 £= AIE5t00F StCh SolventE Toluene2 AFEG6IH ZEREXE LA

04, Figure 122t Table 7, Table 82 22! Packing Diagramdt Crystal Data and Structure

L.

Refinement, 12|l @AS2t2] 282 0I(Bond lengths [A]) and Z&2t (angles [°]) S L
7

EFLHRACH. Compound HEDE(Ge)E SHLZ EtAEtA HAAE W 0|5 Z2E0l
ZFAO0IE T UCsE A= L==It UL JHEZ Compound 7= SR E2 HEH

stg=E 8= €It UL
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Figure 11. Thermal Ellipsoid Drawing of Chain Structure of Compound 9
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Figure 12. Packing Diagram of the Toluene Solvate of Compound 9
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Table 7. Crystal Data and Structure Refinement for Compound 9

Identification code Compound 7
Empirical formula (C40.67 H32 Cl11.33 Ge0.67
Formula weight 616.32
Temperature 150(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P2(1)/n
Unit cell dimensions a = 185294(10) A°

b = 10.6845(7) A°

c = 251565(12) A°
Volume 4852.5(5) A
Y4 6
Density (calculated) 1.265 Mg/m3
Absorption coefficient 0.780 mm-1
F(000) 1920
Crystal size 027 x 022 x 0.10 mm3
Theta range for data collection [1.24 to 27.52°.
Index ranges -24<=h<=22, -13<=k<=4, -32<=1<=30
Reflections collected 40758
Independent reflections 11063 [R(int) = 0.0525]
Completeness to theta 2752°, 990 %
Absorption correction None
Max. and min. transmission 0.9260 and 0.8169
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters |11063 / 23 / 541
Goodness—of-fit on F2 1.029
Final R indices [I>2sigma(l)] R1 = 0.0672, wR2 = 0.1678
R indices (all data) R1 = 0.1037, wR2 = 0.1866
Largest diff. peak and hole 1.015 and -0.906 e.A3
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Table 8. Bond lengths [A] and angles [°] for Compound 9

Ge(1)-C(40) 1.919(3) C(25)-C(26) 1.379(5)
Ge(1)-C(1) 1.924(4) C(25)-C(62) 1.402(5)
Ge(D-CI(2) 2.15912) C(26)-C(27) 1.387(6)
Ge(D-CI(1) 2.1653(12) C27)-C(28) 1.375(7)
CH-C2) 1.393(5) C(28)-C(29) 1.390(6)
C)-C(20) 1.413(5) C(29)-C(62) 1.385(6)
C2)-CB) 1.389(5) CEB1-C(32) 1.381(6)
C(3)-CA18) 1.408(5) CEB1-C36) 1.405(6)
CB)-CH) 1.526(5) C(32)-C(33) 1.396(7)
C4)-CAa7) 1.524(6) C(33)-C(34) 1.380(8)
C-CB) 1.525(5) C34)-C(35) 1.389(7)
C(B)-C®) 1.377(5) C(35)-C(36) 1.390(6)
C(5)-CA0) 1.395(5) C(36)-C(37) 1.517(6)
C6)-C(7) 1.384(6) C37)-C(62) 1.523(5)
C(NH-C®) 1.385(6) CE7)-C(38) 1.526(5)
C®)-CO) 1.390(6) C(38)-C(39) 1.389(5)
C9)-CA0) 1.380(6) C(39)-C(40) 1.391(5)
C(10)-C{11) 1.527(5) C(100)-Cao0) 1.312(12)
C1-Cas) 1.518(5) C(101)-C102) 1.39
Cc1-Ca2) 1.531(5) C(101)-Ca06) 1.39
C(12)-C{13) 1.378(6) C(102)-C103) 1.39
C(12)-Ca7) 1.400(5) C(103)-C104) 1.39
C(13)-C{14) 1.384(6) C(104)-C105) 1.39
C(14)-Cas5) 1.392(6) C(105)-C106) 1.39
C(15)-C{6) 1.385(7) C(110)-Cain 1.336(11)
C(16)-Ca7) 1.383(6) C(11)-Ca12) 1.39
C(18)-C19) 1.376(5) C(111)-CA116) 1.39
C(19)-C(20) 1.392(5) C(112)-CA13) 1.39
C(20)-C(21) 1.493(5) C(113)-Ca14) 1.39
C21)-C40) 1.394(5) C(114)-CA15) 1.39
C21D-C(22) 1.397(5) C(115-CA16) 1.39
C(22)-C(23) 1.380(5) C(120)-CAa21) 1.503(8)
C(23)-C(38) 1.401(5) C(121)-CAa22) 1.39
C(23)-C(24) 1.532(5) C(121)-C126) 1.39
C(24)-C(25) 1.521(5) C(122)-CA23) 1.39
C(24)-C31) 1.527(5) C(123)-Ca24) 1.39
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Table 8. Continue

C(124)-C25) 1.39 C(16)-C(15)-C(14) [120.2(4)
C(125)-C{126) 1.39 Ca7)-Ca6)-CA5) [119.8(4)
C40)-Ge(1)-C(1) |93.09(15) C(16)-C(17)-C(12) [119.6(4)
C(40)-Ge(1)-C1(2) |113.87(12) C(16)-Ca7)-C(4) [127.1(4)
C)-Ge(1)-CI(2) |116.14(12) C(12)-C(17)-C(4) [113.3(3)
C(40)-Ge(1)-CI(1) |114.61(12) C(19)-C18)-C(3) [121.5(3)
C)-Ge()-CI1) |116.71(12) C(19)-C{18)-C(11) [125.7(3)
Cl(2)-Ge(1)-CI(1) [103.01(5) C(3)-Ca8)-C(1) [112.8(3)
C(2)-C(1)-C(20) [121.5(3) C(18)-C(19)-C(20) [119.6(3)
C2)-C(1)-Ge(1) [132.9(3) C(19)-C(20)-C(1) [119.0(3)
C(20)-C(1)-Ge(1) [105.6(2) C(19)-C(20)-C(21) [123.6(3)
CB)-C@2)-C) 118.8(3) C()-C(20)-C(21) [117.4(3)
C(2)-C(3)-C(18) [119.7(3) C(40)-C(21)-C(22) [119.2(3)
C2)-CB)-CH) 127.2(3) C(40)-C(21)-C(20) [117.4(3)
Ca8)-CB)-C4 [113.1(3) C(22)-C(21)-C(20) [123.3(3)
CaN-C4)-C(B)  [105.0(3) C(23)-C(22)-C(21) [119.0(3)
Can-C4)-C3) [105.4(3) C(22)-C(23)-C(38) [121.2(3)
C(B)-CU-CHB) 106.3(3) C(22)-C(23)-C(24) [125.4(3)
CB)-C(B)-C10)  [119.9(4) C(38)-C(23)-C(24) [113.4(3)
C)-CB)-CH) 126.9(3) C(25)-C(24)-C(31) [106.0(3)
Ca0)-C(B)-C4)  [113.2(3) C(25)-C(24)-C(23) [105.4(3)
CB)-CEB)-C() 119.3(4) C(31)-C(24)-C(23) [104.9(3)
C6)-C(7)-C®) 121.3(4) C(26)-C(25)-C(62) [120.2(4)
C(N-C®)-CH) 119.3(4) C(26)-C(25)-C(24) [126.6(4)
Ca0)-C(9)-C(8)  [119.6(4) C(62)-C(25)-C(24) [113.2(3)
CHO-CA0)-CB)  [120.6(4) C(25)-C(26)-C(27) [119.6(4)
C9)-C10)-C11) [126.3(3) C(28)-C(27)-C(26) [120.2(4)
C(B)-C10)-C11) [113.1(3) C(27)-C(28)-C(29) [120.9(4)
Ca8)-Ca1)-CA0) [106.1(3) C(62)-C(29)-C(28) [119.1(4)
C18)-C(11)-C(12) [105.5(3) C(32)-C(31)-C(36) [121.1(4)
C10)-C{11)-C(12) [105.6(3) C(32)-C(31)-C(24) [126.1(4)
C13)-C(12)-C(7) [120.7(4) C(36)-C(31)-C(24) [112.7(3)
C(13)-C(12)-C(1) [126.5(3) C(31)-C(32)-C(33) [119.0(5)
Ca7-C{12)-Ca1) [112.8(3) C(34)-C(33)-C(32) [119.9(5)
C(12)-C{13)-C(14) [119.5(4) C(33)-C(34)-C(35) [121.6(5)
C13)-C14)-CA5) [120.3(4) C(34)-C(35)-C(36) [118.8(5)
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Table 8. Continue
C(35)-C(36)-C(31) 119.6(4) C102)-C(103)-C104) (120
C(35)-C(36)-C(37) 126.7(4) C105)-C(104)-C103) (120
CEBD-C(36)-C(37) 113.6(3) C04H)-C105)-C106) [120
C(36)-C(37)-C(62) 106.4(3) C105)-C(106)-C101) [120
C(36)-C(37)-C(38) 105.6(3) C110)-C(111)-C12) [123.3(11)
C(62)-C(37)-C(38) 104.8(3) C110)-Ca11)-Ca16) [116.7(11)
C(39)-C(38)-C(23) 120.5(3) C112)-CA11)-CA16) [120
C(39)-C(38)-C(37) 126.6(3) CU1D-C(112)-CA13) (120
C(23)-C(38)-C(37) 112.9(3) C14)-C(113)-Ca12) [120
C(38)-C(39)-C(40) 117.7(3) C113)-C(114)-CA15) [120
C(39)-C(40)-C(21) 122.3(3) C14)-C(115)-CA16) [120
C(39)-C(40)-Ge(D) 131.3(3) C115)-C(116)-CA11) [120
CE2D-C0)-Ge(D) 106.4(2) C122)-CA21)-Ca26) (120
C(29)-C(62)-C(25) 119.9(4) C122)-CA2D)-CA20) [118.0(5)
C(29)-C(62)-C(37) 126.8(4) C126)-CA2D)-CA20) [122.0(5)
C(25)-C(62)-C(37) 113.3(3) C(123)-C(122)-C121) (120
C100)-C101)-C(102) |116.7(10) C124)-C(123)-C22) (120
C100)-C01)-C06) |123.2(10) C123)-C(124)-CA25) (120
C102)-C01)-C106) |120 C126)-C(125)-C124) (120
C103)-C(102)-C(101) 120 C125)-C(126)-C121) [120
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3.3. Metallafluorene 2| 41 ZAs& EH4 F A,

2,2-dibromobiphenyl 2 gfdol= g2 Scheme 80l L+EF

1,2-diboromobenzene il & OH
A
T

melting point= 0[],

Br
2 n-BulLi .
THF,-78 'C
Br
BrBr
MW 312
12

Scheme 8. Synthesis of Compound 12.

XI&8D|E JIXl= Metallafluorene 2
gy BESAE UEBUACE Z0H= 22t Ether2 AFE0HH  2,2-dibromobenzene (]
n-BuLi 28&= &Ilotd 2&5E -178 C 22 =ZF US  dichlorodimethylsilane,

dichloromethylsilane, silicon tetrachloride, tetrachloro germanium= 2& &% FHI|5HH

Scheme 9UIAl 20 Xl= ¢ 201 22 G E XIIE A= 220l g4
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<Compound 13, 14, 15, 16>
13 : 1,1-methylhydro-1-silafluorene
14 : 1,1-dimethyl-1-silafluorene
15 : 1,1-diphenyl-1-silafluorene
16 : 1,1-diphenyl-1-germafluorene

d

Br Br

-

Li Li

2
9
g,
A~
g/
Ty /
J
9

si” si” si Gé

Me” TH Me”~ “Me a’ Ta a” a

MW 196.3 MW 210.4 MW 2512 MW 295.7
13 14 15 16

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

b : CH;CLSiH, Ether, -178°C
¢ : CH¢CLSi, Ether, -178°C
d : SiCly, Ether, -178C

e : GeCly, Ether, -178C

Scheme 9. Synthesis of Compound 13, 14, 15, 16.
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g8 & 1,1-methylhydro-1-silafluorenedt  1,1-dimethyl-1-silafluorene Zst& SHS &
Ot2J] RIoll UV-vis & AHEH) & AHEHS ZFHOIRULE Fig 132 & E

= S0t &2 1,1-methylhydro-1-silafluorenel & c>
2 0I04, Fig 14= 1,1-dimethyl-1-silafluorene 2| S+ L & AHEHZS LIE

OICt.

Id]
|
E:I
Im
I
o
.
m

=
o N E

=
Fat

8

g

£

Normalized Intensity (arb. unit)
g2

2 0 X 40 A ) T G0 &0

Wardength fnm)
Figure 13. UV-Vis absorption and fluorescence spectra of Compound 13
Fig 13(red)= 1,1-methylhydro-1-silafluorene® S+ AEEHOZ 232nmUlA = &
= II&E= =L Fig 12(blue)til LIEH LHRA2M 232nm0l 0D IHE S AL OIS
B2 Amax = 418nmOlIl Al GHLIS| &2 HAUE LIEHHRJACH Fig 14= 012t OFEHOL
K2 1,1-dimethyl-1-silafluorene 2| &= AEHAZ2 230nmUIA = S+ OIHES LE
LA LD 230nme (D] MES LA olAE B Amex = 415nmOllA GHLISI & K

AUE 20 =ALCHL

_55_



Sung Gi Lee — M.S Thesis Chapter One
Chosun_University, Department of Chemistry

560
o5

|
—

Normalized Intensity (arb. unit)

Yy
04
93 4o0 ‘. 700
02
480 -
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00 460"
DI/ EMA 00 o1 380 o5 03 04 05 086 07 08
Waelergth mm) %

Figure 14. UV-Vis absomption and fluorescence spectra Compound 14
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Figure 15. UV-Vis absomption and fluorescence spectra Compound 15
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Fig 15(red)= 1,1-dichloro-1-silafluorene®| &= ABEHOZ 292nmllAd =0 E=
&S Z=Ch Fig 14(blue)0ll LIEH LIRS 2920m0ll D] MES LA SIRE &2
S Amax = 352nm0lA SHLES] Z& E UEHLHALCE Fig 162 0l OF&HIHX
2 1,1-dichloro-1-germafluorene HHEZ 285nmmllA =0 E= WES LIE
LHALD 230nm2 01D MES LAt otUSE B Ama = 349nmOlA OIS 22 &

AUE 20 =ALCH

S
A

250 300 350 400 450 =00 550 600

0.5 : . ; ; : 1000
|

04 - 4 g00
g 03 | ] 600 £
— =
® =
g 02 b 4 400 =
2 -
= A
=
< 01 4 200

0 | J I 1 1 1 1 1]

250 300 350 400 450 S00 550 600
Wavelength (nm)

Figure 16. UV-Vis absomption and fluorescence spectra Compound 16
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Figure 172 1,1-dichloro-1-Silafluorene®| X-ray single crystallographyS LIEFHCE 2=
g2t 20l elZSHE S22 ot= 52020l & IJHSl Phenyl &0l HEHS
2 ZEHN JY=sARE & = UL silafluoreneS SEGH)| oAM= SN Scheme 9
ot Z0l 2,2-dibromobiphenyl®il n-BuLi 22 &2 <20 lithium2=Z XI&AI2I OS2
StCt. compound 15= 3J|0 012 =ty

AEHLE 22 JtAZ XIEE Az 2

silicon tetrachloride £ W& &JIot &
x

ot =01 EHH &tstED] =20 &
AHESHH OF SFCH

OI:I Oz
o oX

Figure 17. X-ray crystal structure of Compound 15
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Fig 161 Table 9= 3I&t=2=2 +
f2! (angles, ©)S LtEHHLE

0x
9'j
rr
o
N
un
N
10

Z& 20| (Bond lengths, A)2} &

C(D#-51(1)-C(1) 94.64(10)
C(D#-5i(1)-CI(1) 115.13(6)
C(D-Si()-CI1) 115.13(6)
C(D#-5i(1)-Cl(2) 112.73(5)
C(D-Si(1)-CI(2) 112.73(5)
Cl(D-Si(1)-Cl(2) 106.47(4)
C(3)-C()-5i(D) 132.49(13)
C(2)-C()-5i(D) 107.20(12)

Table 9. Bond angles [°] for Compound 14
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4. Conclusion

2t

% /él%l(}”,\-li SHEA &jl& JE',I_T’_ =1 IS %/\‘l 2
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Z & organicmetallic

0 1r

compound®!  Triptycene Metallafluorenedt  Metallafluorene2 S &GIRUCE. MZ22

29 £
o Y BUREE OIS Triptycene Metallafluorene b Metallafluorene2 =2 &
r IR A CA2dl0l &l 2RI LED2EZ 2
t USA2Z ML HAZS0U UCH L£8F Triptycene Metallafluorene Bt
Metallafluorene2 0I&0t0 ML 2= JFEH=SZ LA LIEZ HSE JEgS
(Nitrobenzene, DNT, TNT, Picric acid)S2 SZ2

AI5HH Polymer JHE Al S chemosensorZ 2|

compound= 1H-NMR, 13C-NMR, FT-IR, X-ray single crystallography&E 38t
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Application of O-LED and Chemo Sensor
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6. Spectrum

6.1. '"H NMR, "C NMR spectroscopy
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Fig JH-NMR spectrum of compound 1
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Fig .PC-NMR spectrum of compound 1
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Chapter One

Fig JH-NMR spectrum of compound 2
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Fig .PC-NMR spectrum of compound 2
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o 1
Fig . H-NMR spectrum of compound 3
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Fig .PC-NMR spectrum of compound 3
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o 1
Fig . H-NMR spectrum of compound 4
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Fig .PC-NMR spectrum of compound 4

= = = = = = = o = = = = = = = =
= ) ) o o o = [ ) = o o o o ) = a2 ]
L o2 Lo ) Ty) o2 Lo =2 w o Ty) 2 L = L o )
P R SR L B L A U P L O PR S P s A
O
Lo
sz — ———g =
=
=
B EE— = =
m
2run— -
W=}
=t
I e
T'y)
LoDa=—— e
4208— o
P
£
o
jea
o™
i}
=
i S m
=
0
—
f <)
L
rrEEL— <
pogEL
IBRL =
oAzl = =
g LE L
arLeL
Falel)
Rl =
EEL— - =
22161
EERTY =
G2L§L L
0P LSl
2oL i
gLrreL” b



Sung Gi Lee — M.S Thesis Chapter One
Chosun_University, Department of Chemistry

Fig ."H-NMR spectrum of compound 5
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Fig ."H-NMR spectrum of compound 6
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-5000
4500
4000
3500
3000
~2500
2000
+1500
1000
+500

WIL ]
T
10

LoFL—

]

§5°23—

0gLe—

L

5B 25— —
FATE—"

f1 (ppm)

I

110

0dalL— e

S0°REL
02'82L> s
22753l
_A.LEZLj—
207821
G581
LoozL
SB32L
20EELs
28°GEL

8Pl
80 GL
P2 ErL L

||
uuﬂuﬁimmwm
120

_75_



Sung Gi Lee — M.S Thesis Chapter One
Chosun_University, Department of Chemistry

Fig ."H-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 . "C-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
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Fig JH-NMR spectrum of compound 11
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Fig .PC-NMR spectrum of compound 11
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Fig JH-NMR spectrum of compound 12
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Fig . H-NMR spectrum of compound 13
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Fig .PC-NMR spectrum of compound 13
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Fig JH-NMR spectrum of compound 14
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Fig .PC-NMR spectrum of compound 14
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Fig . H-NMR spectrum of compound 15
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Fig .PC-NMR spectrum of compound 15
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Fig ."H-NMR spectrum of compound 16

05-7

054

a0l

0514

00z

052+

00e-

05E

00t

05t

005+

oo

|
S50 ol gt 0z 5% 0'e 5% 0t 5% 05 55 0 89 (F 5 oe

A
i T imne
flucichy 14 gg :
(33 5 1) Lk 8 £ |
i

= # Y \\I
LR j
0o 1 !
o0z
i I
| _7_ |
ooe-| |
] _ |8 [
: ]
ot-| —
CTERT A.,ﬁ 4 Hf,,wm,‘xuzﬂ i T, hf,‘fzfru;
W05 eebnphabboaaonpbauas I3 nanonseeay !
E
f |

T L P P P P P PP P PP PR LI A L e R B

BhbR Bh b Bl Bl fon minononim iin onon om0 OnEn S N e T e T om0 oo o
ook o o e R R R g o A A= R P R e B g e B

— 9)11 —



Sung Gi Lee — M.S Thesis Chapter One
Chosun_University, Department of Chemistry

Fig .PC-NMR spectrum of compound 16
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Chapter One

Fig . FT-IR spectrum(KBr) of compound 1
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Fig . FT-IR spectrum(KBr) of compound 2

Tzco0H12E2
0421

i
EEH
EEH
oaed
0ad
EETH
02mi
021
02d

0224

Absorbance

0+
oiad
0184
oiad
i2d
Rt
ooad
0osd
ooed
02!

0
4000

1019.6

1421.0

3.8 12040 159

921.

3432.7

1000

1500

2000

Wavenumbers (cm-1)

300 3000 2500

3311

T45.9

5292

500

_97_



Sung Gi Lee — M.S Thesis
Chosun_University, Department of Chemistry

Chapter One

Fig . FT-IR spectrum(KBr) of compound 3
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Fig . FT-IR spectrum(KBr) of compound 4
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Chapter One

Fig . FT-IR spectrum(KBr) of compound 5
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Fig . FT-IR spectrum(KBr) of compound 6
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Chapter One

Fig . FT-IR spectrum(KBr) of compound 7

111-Spiro Triptycene Silafluorene
ad

0404
034
[EH
w7
034
0351
0344
0334

0324

‘Absorbance

0314
| 2955.1
0304
0223 3018.5
0284 3065.
0274
| 3386.4
0264
0.25 3
0241
0231
0224
4000 = 2500 2000

Wavenumbers (cr-1)

14T9.8

1598.1

1500

T41.¢

4873

536.2

1000

500

Fig . FT-IR spectrum(KBr) of compound 8

023 JC40r28
0224
0214
0
0194
0184
0174
0164
0154
o1ad
0134
0124

and

“Absorbance

0104
009
0084
0074
0064
004
o0sd
0034
0024
o014
000
g0

4000 3500 3000 2500 2000
Wavenuribers (cr-1)

1457.9

1494.4

1B01.1

1500

1188.2

11945

q021.1

8132

1000

743.0

6287

480,

500

- 100 -



Sung Gi Lee — M.S Thesis Chapter One
Chosun_University, Department of Chemistry

Fig . FT-IR spectrum(KBr) of compound 9
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Chapter One

Fig . FT-IR spectrum(KBr) of compound 11
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Chapter One

Fig . FT-IR spectrum(KBr) of compound 13

2B 312-C13H12Si
253

‘Absorbance
o
i

3043.6

) - ' ' ' '
4000 3500 3000 2600 2000
Wavenumbers (cm-13

1128.7

1427.1

12574 [y 0602

1590.7

1500

1000

800.1

500

Fig . FT-IR spectrum(KBr) of compound 14
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Chapter One

Fig . FT-IR spectrum(KBr) of compound 15
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6.3. LC-MS spectrum
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Fig .LC-MS Spectrum(Source APCI) of compound 4

Chosun_University, Department of Chemistry

Sung Gi Lee — M.S Thesis

058 Ove OB (078 0!8 (0B O OA/ O/ 08 06 Of OE/ O7f OL2 OO (ORY (RS 0/9 049 058 Ov9 OE9 079 0I9 009 0FG (A 0/5 095 066 (WG OES 076 0I5 O0G O6F 0By 0O/ 04

T 0
s y O s , - - i L
§157 763 0107 228 Togge;  GLOCTLL I35 8621en: 107199 9GECERY LBETHED I L 774V E0S 9907 B8
DEGSES pere 0 MELOIE HETOE jog).ig oo oy
¥4
JLiZALH
1672995
a11gs
k2
1017055
roEre 0075 L. ..DE
+dv SWA0L '} (mE-v8) W) (6/5E) 68E 10dv DECL CATdNVS NS0
INFITFO

- 106 -



Sung Gi Lee — M.S Thesis Chapter One
Chosun_University, Department of Chemistry

Fig . Elemental Composition Report of compound 4
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Fig . LC-MS Spectrum(Source APCI) of compound 5
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Fig . Elemental Composition Report of compound 5
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Fig . LC-MS Spectrum(Source APCI) of compound 7
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Chapter Two.
Febrication of OLED and
Chemosensors based on

Triptycene silafluorene
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Chapter Two
Febrication of OLED and Chemosensors based on Triptycene

silafluorene

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

Graduate School of Chosun University

Abstract

Triptycene Metallafluorene and Metallafluorene are synthe-sized and characterized.
These compounds are of interest as light emissive layers, as they possessrelatively low
LUMO energy levels while maintaining high HOMO-LUMO optical gaps.
Dierentialscanning calorimetry measurements reveal that these Metallafluorene compounds
have advantages of ther-mal stability above room temperature regions. Organic
light-emitting diodes have been fabricatedusing thermal evaporation technique which
emit blue light with an excellent diode behavior under the forward bias. In recent years,
photoluminescence polysilole has been a topic of interest because of ther unusual electrical and
optical properties. It is also reported that silole-containing polymers are selective chemosensors
for nitroarematec oxidants,including TNT. Detection has been achieved though fluorescence
quenching of the silole by the electron-deficient analyte. The luminescence of silole is due to a
o*-t* LUMO stabilized though conjugation of the 0* orbital of the silicon chain with the 7*
orbital of the butadiene moiety. The selectivity of the sensor is due to the helical structure of

metallafluorene, which permits the intercalation of planar nitroaromatics.
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1. Introduction
MEH DNEXsE KIIBIEM etz M n-2A4AE &2 dAXS0l FIIAZ

0, stetE Wel MAret
Al P

]

o MHEES=R olol LZH0| LIEFACEY Metallole2 &2/20ILH HE0HE22 X
gtel 52F Ll gEEl D=2 A EZ20 O SSe 29t A, dE S 2|
20 ST HB2A a2 a0l ZI0ICHEY Metallole?l ST %2 22
Hd9IE JHNLD UD o-ZBEE ot U= el o* AT 528 1Nelo 2
EICIANEE22 nt* HTES A0S ASHECZ 0ol o*x* HIEIMIE H=
CEPYT Metallole2 412|125 SAOZ 6te silole0] HZE D2 SS9 2XNAX
Y ESE5 MAUE REE XD AT 012 FE S silole2 A2 A M
X UK 2= e Z2 24 ATE S (LUMO)R 42|20 286t U= oZE
Ol A= o* TNATE 2 butadienel mw* ZAAT &= AMOIQ ASHEHEZEOCZR

= TIL o

PIoHA silole XtMlE MXE OlsAZ = U= sE= XY 22Xt &0 Silole2

=T 2 28toi== &AM S(electron transporting layer, ETL)
I 852 g 2EtolF= d3EEZS(hole transportin layer,HTL)ﬂ} ST H&E3S
(light-emitting layer, LEL)2Z MI&ot0d O-LED S22 2E0WE 200t 220 21
T UL Oldet =58 425 ol & JIIIA dNAEETHE (electron
transporting materials)Lt HZHETHZ  (hole transportin  materials),'? LRI
(light-emitting materials),"” 2 5}8t=  MS&A  HAAMN IR ?rgﬁfl}.[lg'zo]
Pentiptycene = At= iptycene=S Jl&E =J32=ZF

a0l A0 2Ol 0l2 He = = otUoIth 1 0l

= = SistdlA U =
201 24 22 == ZAot=0 Y0 2 2= It 1R =0t0D ENE/UD|
MEOICHE E£at & T4 DEXS & 2EC2 0o JIX 12X 40l Ao

CtPY Pentiptycene DEXHE DEXF = AME0 T2

S2AEE JtKleE S48 JHALD UA2BH O Lot

e SM = =2 g4 &8
= JHKL W 2o 2Z = A3 8 HAHAZ AtEcte g=tdAz 018 H O
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2. Experimental Section

2.1. Generals

M
(S

ol

r=2

i)
o

2 &8 2 standard vacuum line Schlenk technique2 AIZ0IA20 3t

=
or=22 JIM =RJI0A AHoHATH 20l AHES AS, 1,4-dibromobenzene,

[

n-BuLi, anthracene, iron bromide, bromine, silicontetrachloride, dichloromethylsilane,

dichloromethylsilaneS 2 Aldrich®?t FlukaGlAl &5t AL IR 20 0= Ot22

JtA 22II10lA  sodium/benzophenone 2t & TH 24A12F 014 &7 A2l = 22
THF 2} diethyl ether, hexane, toluene S AE0IRUCH & ZSHAl AIEEH= 012

THF= Fisher 3tst3|A0lAl HPLC gardeE 7ot CHE =Xl 101 AFESHRUCEH

S8 AHEHE UV-vis spectrometer(UV-2401 PC, Shimazu)E O|Zot0{ L RACH 3t
829 RX 242 Bruker AC-300 MHz spectrometer(H NMR, 300.1 MHz 1t "“C

= M
NMR 2| 75 MHz)2 O0|235t0 ZRUCH. NMR Z0H chloroform-d= otF SO CaH,&
wWEAIA &7 =22 HHGIH AIZ6IRIC EZABE

luminescence spectrometer LS 50BE AtE6t0HH =X OIQUCH S AH

=
[

?lot E= 422 sE= 1 mg/ll L =1 ppmPE & F
HIE® 2 UV-vis spectrometer (UV-2401 PC, Shimazu)S 0|&05t0f S&5IACH
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2.2. All analysis material preparation

2.2.1. Fabrication of DNT Solution 10ppm

THF= FisherAt2] HPLC garde 99% AtE SIA20, CHE =X 2l 20l DNT 10 mg2
THF 100 mLOIl =04 100 ppm2 & AL SHALH M2 100 ppm S =2 EXNS 10 mL H
ot04 CHAl THF 100 mLOl E ISt 10ppm s &2 S M AHE SHALC

2.2.2. Fabrication of Picric Acid Solution 10ppm
Aldridh =% 100% Picric Acid Q10 222 20| =Moot = & &2 Schlenk-lineil Al
Sucktion tEE HHN ZEE &6t 2LS 2220 2.101M JI=8 L S Lot

10ppm2| Solution= M| .

2.2.3. Fabrication of TNT Solution 10ppm

TNT= S22 22| 343 HEB-FUM AIE6IIIE 24X 210 B AR AU A 200g
e =00 = 420 A XMl &ASHH AHE ot ALCH
5 Wt EXI0 £XIE SetAI0 == DNT 3g, H,SO4 22ml, HNO; 6mlE 2f2
StOd Hot Plate=2 Ol 50 90°C = A8t C+& 3h It StCH O OGS0 ¢ 24°C B &
Ot0d Overnight(12 h O|&F) StCt. OIE A BH= O] 22 S5+ 50mIE Y2 A2 |
ol &= 02 2LIIE 01 E0H( Filtering 5t L UCH SHXISH AtA!L OFE! A 2FO| DNTIt
ZMStII0l methanol0f SoHAIZI CtS0l W= Z26t0 crystallization Al2! CHSO0M
Schlenk-line2 0| &35t04 Sucktion HB S HM &= TNT 2t SHF0 2F L ellh
3 OIS TLC 2 NMRS R0 2024 &4 TNTZ &0 514 C 84S TNT 10 mgS
FisherAt2] HPLC garde 99%2| THF 100mL 0l =04 A 100 ppm =& 2 S5 & TS CHA
10 mLE & &lXIE 0l2d &t C+S THF 100 mLOl x43r8+01 10ppm S=2 |61 =}
Ct.

St
=

X
J

ron

00 40
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2.3. Syntheses
2.3.1. Synthesis of 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene

2,2-dibromobitriptycene (5 g, 0.008 mol)S = JtA GHUIAl dried diethyl ether (120
mL)0llAl WEHSIH 283 s & 08 23 EJ|E Acetone bathE 0|E0l(H -78 C 2
OLE10 FAJIE 0/26t0 n-BuLi (9.4 mL, 0.016 mol)@ & &S| EHIISHCEH BHSA
2H2 n-Buli It 4A12H & 0B AHAECLE 818 8 = Dry ice bath £ MIA

ot a2z 2LE SdELh d=20AM 2A12F & HUE AIAFLD EHS A

C
A LTS5 Ar2 =M DX S AI2ICEH  dichloromethylsilane (1.65 mL, 0.016mol)=

el XIo Fotod 8 B0l &Oototl =2 JtA Sl &=201 2 I A 2&E
S =OA LB 2ZM M2 I €2 LMOZ HGH 4222 25
E SHF0AN wet AIAZECL B2 EJJF 4222 St LetMdo gz
2= = UL, 0] cetdol SHS 4412 wEtE o=l Bt S8 = 324 A
E Z Y ot0IA SEAIH MHBECE THAl ether (50 mL)E &EJtot) ({totH XS 2
ot SZAIH =L hexane (100 mL)2 33| & FIt MH St 20 E 22 et

MAHS2 22 5l0lA AX AI2ICH MH2 2 'H NMRZF "C NMRspectroscopyS Ol
25101 &QI5IUCt. 'H-NMR (300 MHz, CDCL;) & 7.83 (s, 2H), 7.60 (s, 2H),
7.43-6.92 (m,16H), 5.42 (d, J= 9.6, 4H), 4.62 (q, J= 3.7, 1H), 0.35 (d, J= 3.8, 3H),
PC-NMR (75 MHz, CDCL3) & 148.14, 146.57, 145.35, 145.30, 145.22, 145.17, 144.36,
133.02, 128.41, 125.49, 125.40, 123.54, 116.69, 54.72, 53.96. (Scheme 8)
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2 n-BuLi, CH,CLSiH O d@
Ether, -1787 O Q Q
5
/ b

MW : 548.7¢g

Scheme 10. Synthesis of 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene
2.3.2. Synthesis of 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene

1,1-dimethyl-4,5,8,9,-bis(triptycene)silafluorene®| & YUHES 23.1.01 J|l=st L

25t dichlorodimethylsilane (2 mL, 0.016 mol)S &JIstCl. ME2 F= YEHE
23.1.01 D=8 Ygoz 22 &+ UAULCH
A& 1,1-dimethyl-4,5,8,9,-bis(triptycene)silafluorene(siliptycene) 2 'H-NMR 2

PC-NMR  spectroscopyS OI235t0{ &QI5ACH 'H- NMR (300 MHz, CDCL;) &
7.80 (s, 2H), 7.53 (s, 2H), 7.44-6.93 (m,16H), 5.42 (d, J= 10.5, 4H), 0.26 (s, 6H) "C
NMR (75 MHz, CDCLs) & 147.58, 145.71, 145.41, 145.28, 144.05, 136.20, 127.64,
125.36, 125.29, 123.74, 123.67, 116.41, 54.67, 53.97.

% ﬁ 2 n-BuLi, C;H;CLSi
O O O Q Ether, -178T

MW : 562.2g

Scheme 11. Synthesis of 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene
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2.3.3. Synthesis of 1,1-methylhydro-1-silafluorene

2,2-dibromobiphenyl (5 g, 0.016 mol)S &= JtA GHOIM dried  diethyl ether (120

=
28 ¥

il

Z= % MRXE 025104 n-BuLi (20 mL, 0.032 mo)S 5101 A A3l

&b ot BrS=S 3AI12F & Wt 8 = Dry ice bath € Mot 222 2
CE SHF D SZMe EH0| =L 0l = 42014 4A12F 2= O wEk Al
HED WS AH 2LAE 0IE6HNH -197 TN 302 E= 2MGHH AECE O

CtSdichloromethylsilane (1.65 mL, 0.016mol)S &JI&tCt. &It az 0 2 W

_$_
N 2CE Sef =N mP S0 AN S HI LM SUOER HGHH I

— L= = —_ =

(H, oforAe] =0l I =L ot=EX o204 wEk A

W
I
2
x
0T
il
ro
[

LY HHE 2 SHUA SZEAIA MAH & = methanol (50 mL)E & Jtokd O 0kot
O MI&Et = hexane (100 mL)Z 33| 8% FIOt ME SHCH QA 22 &M MEES
22 SHOIAl A AI2ICH '"H NMR2 °C NMR spectroscopy= 0| 235H0{ 2015 RACH.
'"H- NMR (300 MHz, CDCLy) & 7.82 (d, 2H), 7.61 (d, 2H), 7.44 (t3H), 7.24 (t, 3H),
0.44 (s, 3H), °C NMR (75 MHz, CDCL;) & 147.77, 138.90, 131.86, 130.15, 127.65,
120.79, 1.02.

2 n-BuLi, CH,CLSiH

Ether, -178°C Si
Br Br P
Ne H

MW :196.3

Scheme 12. Synthesis of 1,1-methylhydro-1-silafluorene
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2.3.4. Synthesis of 1,1-dimethyl-1-silafluorene

1,1-dimethyl-1-silafluorene®| &4 S ES 233.001 Jl=st YUY SLoHH,
dichlorodimethylsilane (2 mL, 0.016 mol)S &Iict= HEHEH 20 ML= ==ot
= 2AI2 233.0f Jl=st &) SLot0, &4E MH=01 1,1-dimethylsilafluorene
2 'H-NMR 2} "C-NMR spectroscopy2S O|25t0{ 2QI5t24CH'H- NMR (300 MHz,
CDCLy) & 7.82 (d, 2H), 7.61 (d, 2H), 7.44 (t3H), 7.24 (1, 3H), 0.44 (s, 3H), "°C

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

2 n-BuLi, C,H,CLSi

Ether, -1737T

Scheme 13. Synthesis of 1,1-methylhydro-1-silafluorene
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3. Results and Discussion

3.1. The principle of O-LED

r—|l—~1 HTL

=)

o | XT:-'-:(:):! : ) ) [E;)

HARSS
SIISE)=! HIL

X DA A=
ST =

O x=<0o|l=
O oTT e =

—] ¥= || _ITO
o e |
&F

' Light ‘

Figure 18. O-LED &2 X T 2 42X O-LED #*X

Excitation

O-LED= S &= ALOI0I SHIt 100-200nm&E & 2 of

TXE ZolH RIISH HMIIE ZJASM L= YWD ot RII &I 2& 4K
= SI| ELOI2t SLICH Z&0letes A2 X2 IJIM AEH (ground state)Oll U
C X AR MRS CIJtol 2o 0401 AHEH (excited state)2 O Xl &O|
(energy transition)S 22! = LAl JIM AEHHZ SRAZHAMH NUHXE Lo AEHZ
tH=ot= & & 0ICH

5%

|29 iUXle & (&2 22& : photoluminescence), 3t

e

I:ﬂ.
SEEs 22 ¢ chemiluminescence), &MI[AHQI UK (FIIZH

electrolumunescence)2| SHEHZ = = C
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S| &I gZ2AXe= 0 & &I WUHXIE 018t 2A0ICH O-LEDse= AXHOI & A
£ =2 I =30 A= &Xtelectron)It, LN M= 3 (hole)0l =& 0 =D
= S0HAM MZ&ols B2 Sote 2&6L |RII2 Sl 8301 & dEE
> UEE HEZ FUSHIL) € EE =53(ETL)S S46tH s =&ttt A
A2t 30l LZSEML)UIA SHLEHE THZE=S Sotd 6IIAE 4ot o]0t
JIN AEiE2 MOIGHHAM L2 sttt

el =2 H3E Y322 ot eI 2 832 8322 ot =¢E
HIOIHAE A0 JtEe=2M 30 HMAE 2SS0 =2stth =& 82t
&8 & 8= S=0A LUMO(Lowest Unoccupied Molecular Orbita)Z, 332 &
=0l HOMO(Highest Unoccupied Molecular Orbita)Z FECE RIS WE &KX
Lt 8301 =& dX= n-Z&8= W2t 8l E T 3k(delocalization)= Ct. 8 XtIF £
Ct E0IctAH S&L = UA BIEMSH ZH AKX SHEHGHA RotEB2 d322F
BH =& 34U 232 AR s Oet AUXESZ Seh(&EA-23X HEE

fm

. electron-lattice coupling)Tl0 2f2f &4 X S4& ZctE(polaron)0lct= MEZE S E
O HelHZ BHH LD 22 et8stEl XA oiE MUHXISE 0 =0 dde =2
ctE2SE AN Jtoll & MI|E SHOAM Z& X LHE AtS2t hoppingOll 2150 BHCH
= goil 0ls ettt Ol= 2 L2 e oL 8 220AM 0l
S0l M2 2tU THZ & ot GJIXNE 4ot 0 S = WIIA=E
T Zg AMEHO et 2 =ek(Singlet) = & =8 (Triplet)y GIIXHE
o ddE WO 5 238 WIIRIt AEI(S1-S0)2 SO0HHHA 22 AY
(radiative recombination)S & [0l Z2tE2 WU KA 20 Yot L0l ZA6HH

01230l electroluminescence(EL)O| Ct.

_IUF

i oo

=ct

|> ﬂJIﬂ 14

(_1
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3.2. Organic Light-emitting Diodes based on Metallafluorene and Triptycene
Metallafluorene

HOMO LUMO

Figure 19. Molecular orbital amplitude plots of the HOMO (a) and LUMO(b) of the
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene molecule and, HOMO (c) and
LUMO(d) of the 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene molecule
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i)

Fig 19= g&4d& 322 MO HAMZUZRH ZE triptycene metallafluorene
HOMOS2I LUMOS| Z2XHE&4+E LIEIH J&O0ICE MO HAZHEE Density
Functional Theory(DFT)2t Gaussian 98 ZZ 1S 0|2oIA20 basis  set2
B3LYP/6-31G(d)E Ol E0HRULt 1,1-methylhydro triptycene silafluorene® &< HOMO
= -5.3931 eV 0|12 LUMOE -1.027 eVE band gap energy= 4.3661 eVE A1,
1,1-dimethyl triptycene silafluorene2] &= HOMO= -5.3363 eV 0|1 LUMO=
-0.9522 eVZ band gap energy= 4.3841 eVE LRULL L& LUMO ZHAES&+E

BH delEBs Sot n-dX0F HIES ZH USS 2 = UL

HOMO LUMO

HOMO

Figure 20. Molecular orbital amplitude plots of the HOMO (a) and LUMO(b) of the
1,1-methylhydro-1-silafluorene molecule and, HOMO (c¢) and LUMO(d) of the
1,1-dimethyl-1-silafluorene molecule
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Fig 202 &4& SIE22 MO AHAMZUZLEH 22 metallafluorene HOMOS2t
LUMOS| ZXNAEE+E UEYH OHOICH MO HAYE 2 Density Functional
Theory(DFT)2t Gaussian 98 ZZ )& Z O0|23tU 20 basis sete B3LYP/6-31G(d)E
0l E3tACE 1,1-methylhydro-1-silafluorene2l &< HOMOE= -5.58671 eV 0|1 LUMO
= -1.0157 eVE band gap energy= 4.5710 eVE U1, 1,1-dimethyl-1-silafluorene 2l

A= HOMO= -5.7988 eV 0|1 LUMO= -0.9540 eVZ band gap energy= 4.8448
eVE EULL L& LUMO 2MHAEE+E BEH &2 Sot n-&8XJF HIETH
ot 2 UASS € = UL
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Chapter Two

3.2.1. Structure of O-LED

A—

Cathode  ————» A] (180 nm)
EIL —+—— LiF (2 nm)
ETL | —» Alg, (7 nm)
EML — Emissive material
HIL = |—* TED (50 nm)
HIL g+ CuPC (10 nm)

Anode | —— 11O (150 nm)
Substratel 4'—> Glass subsirate

/—Deposition material and Thickness- \

o Cathode : metal electrode with low work funtion
- To reduce driving voltage
- To improve bhrightness-current density

Characteristics

e ETL : Flectron Injection Layer

e ETL : Electron Transport Layer

e EML. : Emission Layer

e HTL : Hole Transport Layer

o HIL : Hole Injection Layer

e Anode : ITO
- To transport visible light

Qbstrate : Glass, Silicon, etc

%

Light

Figure 21. Structure of O-LED Shell
SO 22 AXe S 202 /ot HEE AXtes L3 (anode) 2 2= R
of IHHY T U= ITOE AMEDHU L, S3(cathode)2Z= L R0Is(A)2 AFE5t
A}Ch. ZFSF=YS ( Hole Injection Layer: HIL)22Z&= CuPC Copper(1I)
phthalocyanine, & 3335 (Hole Transfer Layer: HTL)2&& TPD, MXAFYS

(Electron Injection Layer: EIL)2 2= LiF, & Xt

=
=

C2= Alg:;E 242 ALSotRt. =

—

A= 4,5,8,9-bis(triptycene)metallafluoren

St

A A=
TSS

(Electron Treansfer Layer: ETL)

5 -
ST &t

Z (Emitting Materials Layer: EML)2

e} metallafluoreneS A26HCH.

2 X8 RE= Fig 210 20| ITO / CuPC (10nm) / TPD (50nm) / Emissive materials
/ Alg3 (7nm) / LiF (2nm) / Al (100nm)& XI& ZACH.
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3.2.2. PL and EL spectra

Molgge pL =& EX2 I PY(excitation slit)yS S8 A2l = CHAIO
Keithley 2382 0| &0t0 2%Z &30 MU= IOt &I|Dt SotH 20| M6t
= 212 SEHOIYUCH PLI 22 Perkin ElmerAl2l LS50BE O|EolU M, €= 0O
Jlote THAl s e I e €S =HFE 210ICH

Fig 22= 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene  (A)1t  1,1-methylhydro-
4,5,8,9-bis(triptycene)silafluorene (B) 2| PL AHEZH N EL AHEHZ LIEIH &0
2

E
Ch. Fig 220l == JAX0l & =22 PL AHEHS2 22! 417nm% 420nm2 F
2F

=)
EMOIA otLISl & MEUE 2/, EL AHEY AA| 22F 410nm 2 41301 A
StLESl 2MIE MEAUHE ZRUACH

0g

0§

04

Normalized Intensity (arb. units)

] Normalized Intensity (arb. units)

Figure 22. PL and EL spectra of 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene (A)
and 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene (B) materials.
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1,1-methylhydro-1-silafluorene (A)Zt 1,1-methylhydro-1-silafluorene (B) 2/ PL AHEH
8= Fig 2300 LHEFLHRALCH Fig 230lA === JAX0l & =E22 PL &

I EL ABERS
HEYSS 22 414nme 41502 FEMOIM SISl YT IEFUE =D, EL
ABER oAl 242t 406nm 9 409nmOIA GHLESl S HIE IEE 2ACH

g A u B

2
S

-5 PL=4147mm
-4 B =46m

2
2

2
£

=3
B
Normalized Intensity (arb. units)

Normalized Intensity (arb. units)

Figure 23. PL and EL spectra of 1,1-methylhydro-1-silafluorene (A) and
1,1-methylhydro-1-silafluorene (B) materials.
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3.2.3. Analysis of [-V-L Characteristics

LV S4 =X Keithley 2362 0125101 MUS 0I510] MBS AEs 02

o Doz P2 £ URUCH Fig 240 M AKXl A
2o 2H el 2SO0l CHotd LIEHLHRUALCE 2=2el stet=2 =0 =
S 155 V QI8 M Fig 24(A)JF 235mA/em® 012 O &tJ]= 3800cd/m®
. J2l1 Fig 24(B)= 215mA/cm’ R M E O &I1= 3900cdm’ 2 SH

Luminance (cd/m?)
Current density (mAfcm?)

Current density (mA/cm?)
Luminance (cd/m?)

Viltage (V)

Figure 24. Applied voltage versus luminance and current density plot of
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene (A) and
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene (B) materials.
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Luminance (cd.fmz)

0 A o B P
poo 225
< s
N;\ n7s NE o0o
0 o N
p w 3 7S
E = [ T £ 60
2z g F ;
Z —— 1 Cmrent Darity % Z x —— : Cinrent Density ]
E —— : Laminance 10 = E —#— : Tamvinance -
= 1Y s B
& ] E I
£ 4 £ 5
g 10 50 g
@] @] o
H 25 5 3
m m B w & o & » W a $—i-u & B B ¥
7 g 9 U 1M 7 ® WA B 1® LA L U L
Voltage (V) Voltage (V)

Figure 25. Applied voltage versus luminance and current density plot of

1,1-methylhydro-1-silafluorene (A) and 1,1-methylhydro-1-silafluorene (B) materials.

Fig 255 A2 M7 LEoF Mol 2, 20l CHEI0! LIEFLHRACE ster22
0 88 L= FMAS 15 V QIIE 01 Fig 25(A)Jt 38mA/em’, Z0H =
195cd/m> R CHFig 25(B)2 42mA/cm’ U0 Z 0 2= 245cdm’2 SHCQULH.
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Chapter Two

0 Al&2l =X0I Nitro aromatic 222 E%=( DNT, TNT, Picric Acid) Ol
st X RESESS0l =EEULHUHA =2 I SUHA = 0I24EHMAMA
Vapor 2 W &2 otAd2 O OFeiel Fig 260l = £ UAS0l 8&% W2 Xt
AL U2 CAl E0Xl= 20l OtLlet Oledst ®X £F3201 JHXLD /U= &
AIIE ol M) 88&cte d20 2ol EA= =2 LUMO Level 2 HO0| &

H ECEM A& 40l UHUEHAM XISEQ  Static Quenching 0 HES &
= UUCH = AE2 0lefst FseHol 4SS It A0 2= o2
triptycene metallafluorene 2t metallafluorene2| Bl EAGt=0 FOHE S F |

et M=o 2UHE =oAL

Photoluminescent
; PSI
Green light out

iy T M “ o —
M “ AV RN —F Quenching PL
5 & +TNT

=

M 4‘7 LUMO
O M
UV light in ﬁ
UV light in _t”l_ HOMO

Figure 26. Detection Mechanism for Explosives
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3.4. Dectection of Nitro compounds based on Triptycene metallafluorene

¢
pentiptyconn group  conjugated pelymer backbone

Figure 27. Properties of Iptycene

19978 MIT Uistl)  Swager &2 0I12 &2 n-n E& S olE0H €= 22
il

= £
2= pentiptycene D Z A stet=2= Lol dESES SIHAHA TNT 2 22 =
g

U222 gXlote SEHME LSt ASLICH

J0NAMN 2= Bit2Z0| pentiptycene D E At S22 M8 NEXNZA ZZECE
JHXD UCH D=2k B2H0 =24 SE S0l 42 U=s caviyE EHotH st
St Z EE8 £ UASLICL Fig 2704 20t 201 2282t ALOI0 242
20| S otHAN 2 Xst= | swager DEX2 2 H&ELICH
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Figure 28. Triptycene metallafluoreneS O|235t0i Nitro compoundsE & X| & 2|

Fig 282 Triptycene metallafluorene= O|Z35tH Nitro compoundsE E XIot= &e2lE
m;

%8s JEO0ICh ?f J80AM 2= dtet &0l Triptycene metallafluoreneOl JtX| 1)
[z S2HUl Nitro compounds  =A=0l X2l Z&= ot EXotAH &L

Triptycene metallafluorene 0| Z2&3Jt T 2AUE2 W 201 XS0l S&F
29 SEHE ZO0IAH ZHOICH £&t 23 TIHA triptycene metallafluorene 2
cavity Jb S&ECh cavity JF MAEH 1 220 INT S92 L= 22Xt S0
A €L cavity 2 3)|l= & Ol TNTS 2Jl= < 0.6 ~ 0.7 nm 0|2
£ ZF0| cavity 9t2 2 TNTI} %O'ljaF 2 QUCH 012t &0l triptycene metallafluorene
EUSHNMZN S80| JIse A2z M2dLICh

Z

o
j—
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3.4.1. Dectection of PA based on 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene

1000 T T T T T

0.6
—e—0ppb
—&—100pph
800 + —o—200pph - 05 r
—¥—300pphb
—+—400pph
—4—S00pph 04 F
B00pph . e
%600 | I?DDEEb | y=0.0007x + 00072
E —e—500pph : R =0.9950
g = 037 ;
= 400 = .
0.l r
200 i
0 0 | | 1 |
340 360 380 400 420 0 200 400 00 a0
Wavelength (nm) Concentration (pph)
Fig 29. Quenching PL Spectra Stern-Volmer plot of
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene for PA
Z522Z PA 10 ppm solution S Micro sylenge(50uM)E 0/Z0t0 100-800 ppb £ Xtdll &

A

{8 GIA2O LIEH ABMEZO| ZWS0ICH Fig 292 2% Tl = PA 30 4% &t
RS [ Triptycene metallafluorenel| A& I E ULEtH 20|10 QEZXE
JdelZ = s=0 2 Stern-Volmer (S-V)Z LIEFH 2= OICH D UHA 20|

PASl SO MAE+= 2 Fols L0l Yis A8 2 & ALK 8F KM

ol
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3.4.2. Dectection of PA based on 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene

1000 : . . : .
03 r
—e— (b
—8—100pph
—s— 200pnh 4
300 | "o | 038 |
—+— 4Mpnh
—4— Al0pnh
Q —a— fl0pph
E e —&— Tlpph 02
E —+— 800pab = ¥ = 0.0003x - 0.0012
1
E % 015 b R =090 s
400 ~ ;
01 f
200 0.05
0 0 : ! : : '
340 360 380 400 420 0 200 400 800 800 1000
Wavelength (nm) Concentration (pph)

Fig 30. Quenching PL Spectra Stern-Volmer plot of
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene for TNT

ZA&ZZ TNT 10 ppm solution £ Micro sylenge(50uM)E 0/Z3t0{ 100-800 ppbS Xt 2
OIUC M LIEHH AHEZO] ZUS0IC Fig 302 &% JeiZ= PA 30 4% Ot

ESps

ot =S [ Triptycene metallafluorene2| A28 JIHEE LEIH A0l LER
JdeiZ= sS0l 2 Stern-Volmer (S-V)E LIEFH e OICH D WHA 250l
PASl STII NoHELSZE AZ6lE L0l e AS 2 2 ACHL 88 KM

242 8 x 10° 0 LIRCH.
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3.4.3. Dectection of DNT based onl,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene

1000 T T T T
013 r
200 0lé ¢
014 ¢
g
@ 012 r
g 6 - = 00002 - 0098
c = M Rlagos
E T
% - 003
008 ¢
200 04 -
002 ¢
0 I I ! I I 0 I I
340 360 330 400 420 0 200 400 00 200 1000
Wavelength (nm) Concentration (pph)

Fig 31. Quenching PL Spectra Stern-Volmer plot of
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene for DNT
ZA& 22 DNT 10 ppm solution 2 Micro sylenge(50uM)E 0I5t 100-800 ppbE Xtell =
HE oM UEH AHEZS ZW=0ICH Fig 312 &% JciZ= PA 30 4% FOt
FEFH X01) LEXR
ciZ OICH DM 2x0I

2% 4= QUCH &# KM

Ot = [ Triptycene metallafluorene®| A28 T1ei =T E LtE
delZ= s& 0 2 Stern-Volmer (S-V)& LIEHH 1
PAS| &It &5 A&otsE 20| = NS

A2 44 x 10° 0 LigCH

o
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3.4.4. Dectection of PA based onl,1-methylhydro-1-silafluorene

1000 T T
03
—&—0pph
800 | —5—100pph 0.5 ¢
—o— 200pph
—s—300pph
£ 600 | ——apph | o M7
b o S00ppb = y= 1E+06x + 00013
= oo b RI-00%7
5400 - |
01 r
200 - .
0s -
1] 1 1 ] . L . i s
300 350 400 450 O0E+00  SO0E8  LODEQT 1S0E07  200E07  250E407
Wavelength (nm) Molarity (M)
Fig 32. Quenching PL Spectra Stern-Volmer plot of
1,1-methylhydro-1-silafluorene for PA
Z52Z PA 10 ppm solution £ Micro sylenge(SOuM)% 0lZ35t0 100-500 ppbE xtell 2
HE OIAUQM LBt AHEZHO ZWS0ICH Fig 322 &% JeiZ= PA 30 wX FHIt
otAU= M metallafluorene2 A JJeHEE LIEIH H0/D LEE Oddites s&0
(t2 Stern-Volmer (S-V)Z LIEIH D2 OICEH OHOUMA 2501 PASl =550t
THE L2 AZ6le 20| Llhe AS ¢ 4 ACH 88 KM 22 1 x 10°
Ol Lt
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3.4.5. Dectection of TNT based onl,1-methylhydro-1-silafluorene

1000 | | 004 -
¢
—e—0ppb 0.035 |
800 —e—100pph
—¢—200pph 003 |
——300pph
-+ - 400pph
B — —&—500ppb | 0.025 | y=180105x- 0.0026
E R - 0.9804
E 002 |
=
& 400 - i 0015 |
001 |
200 e
0.005 |
0 | | |] 1 1 1
300 350 400 450 0.00E+00  500E-02 L.OOE0T 150E07 2.00E07  2.50E-07
‘Wavelength (nm)

Fig 33. Quenching PL Spectra Stern-Volmer plot of
1,1-methylhydro-1-silafluorene for TNT

ZA& 22 TNT 10 ppm solution 2 Micro sylenge(50uM)E 0/Z3t0{ 100-500 ppbS Xtell=
MY OIA2M UEH ABEHO| ZWSO0IC Fig 332 &% JeiZ= TNT 30 4
Jf ol™US [ metallafluorenel A2 JeHZE UEIH 210/ Q2% Z=

=
S0l 2 Stern-Volmer (S-V)& UEHH JefZ 0IC D 0A 250] TNTS
SCO AR LZE AYGHE 20| L= AHS L £ UL 8HE KM 242 1.8
x 10° 0] LttCh
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3.4.6. Dectection of DNT based on 1,1-methylhydro-1-silafluorene

1000 0014
0012
800 | ’
001
&
g JOINl:: T o0}
&
E y=2E05% - 0.0013
0006 - RI=08377
= 400 | |
0004 -
200 - i
0002 -
0 | | 0 - ‘ - - - |
300 350 400 450 0 100 200 300 400 S00 a0

Wavelength (nm)

Fig 34. Quenching PL Spectra Stern-Volmer plot of
1,1-methylhydro-1-silafluorene for DNT

Z4E2Z DNT 10ppm solution 2 Micro sylenge(S0uM)E O0|&35t0{ 100-500 ppbE Xtell &
HE GIAM UEH AHEHO] ZWS0IC Fig 342 % == DNT 30 4
It otHES M metallafluorene® A2 TS LIEIW 210|100 Q2% = s
Ol 2 Stern-Volmer (S-V)& LIEHH T OICH &AM 250l DNTL

J

PEGIRESS AZ06ts 20l ROe HE ¢ & UCHL 8HE KM & 2

iy
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4. Conclusion
2 AElAME & 224 K| 3 0235t

1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene®} 1,1-dimethylhydro-4,5,8,9-bis

]
o

ol
0x
o
I

>
_O'j

Q
O

J

e =
—/ -/

ol

o

o
=

(triptycene)silafluorene 2| PL spectra= 2t2t 417nm, 4200 Al R85 22 JAUHE Lt
EtLHRA D, EL spectra= 410nm2t 413nmOlA StHLES] 22T E LIEFLIJUCH 22 Al
J|(Luminance)= 4000(cd/m’)& & % Ct.1,1-methylhydro-1-silafluorene 2}
1,1-methylhydro-1-silafluorene2| PL spectra= 2t2t 414nm, 4150 8t LI
CHE UEHLHRA LD, EL spectra= 406nm2t 409nmOl A GtLES| ZZ TS LIEFHLH UALCH
2 9| | J| =(Luminance)= 4000cd/m> 2 =& AL,

Triptycene Metallafluorene®} Metallafluorene®] Luminescence SpectroscopyE Ol 0t
A B SHe=2 2ol LIEZ H&E 5te S (Picric Acid, TNT, DNT)2| & A

JIM o120z olF LM SES AZAE BAS 01B510] ZL2S AN T

o o -
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PA TNT
y=2E46x- 00045 2 ¥=T00175x +0.0028
B =0.9953 R = 00987 ¥ = 180105x - 0.0026
¥ = IEHI6x +0.0013 R =0.9604
R =0.9987
000EH0  S.00EM  LOOEOT  LSOEOT  ZME0T  2S0EN 0.00EH0  SO00E  LOOEOT  LSOEOT  200E07T  250EW
0.12
01| DNT !
0.08
i ¥ = 39T4Lx - 0.0076
o4 Lt el y=4038x - 0.0013
o R’ =0.8260
—H——-r‘_'_-’._—-'
0l
0.00E:00 500E08 LOOEDT LSOEOT 200E07 250E07  3.00E0T
PA THT DNT
Triptycene
Metallafluore 2.000,000 T09.175 397.413
ne
ME“’]}“’EE“‘“E 1,000,000 180,105 40,398

Table 10. Total Comparison of Stem-Volmer Constants K(Ml)
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Chapter Three.
Chemical Sensor Based on Porous Silicon

Dual Transducers

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

Graduate School of Chosun University

Abstract

Novel porous Si exhibiting dual optical properties, both Fabry-Perot fringe
(opticalreflectivity) and photoluminescence, were developed and used as chemical
sensors. Porous Sisamples were prepared by an electrochemical etch of p-type silicon
under the illumination witha 300 W tungsten filament bulb for the duration of etch.
The surface of porous Si wascharacterized by FT-IR instrument. The porosity of
samples was about 80%. Both reflectivityand photoluminescence were simultaneously
measured under the exposure of organic vapors. The shift of Fabry-Perot fringe to the
longer wavelength under the exposure of chloroform vapors was obtained. The
steady-state photoluminescence spectra and quenching photoluminescence under the
exposure of various organic vapors were obtained. A set of organic compounds were

analyzed by both quenching photoluminescence and change of optical thickness.

Keywords: Febry-Perot fringe pattern, Photoluminescence, Porous Silicon
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1. Introduction

Ckad AelZ2 1950900l Uhir SO0 2o &Acl®d dLAH0EY
(electropolishing)S SHCHIF SFA TN 21010 A0 ZACHT. 0o Ct=24 agl2
2 (Porous Silicon)2 =& HHEIZ JIX1D Us A2 Uk FelAEe dAZEMZ
-4 ZOULL Oldsr EEE 2= US4 2el22 00I22E M0 AtE&=

ARIZ S0/ (Silicon WafeZ DI - B8N SAS S5t0f I g4 SO, 0f
2N PALN BLHNA B4 Mo/22 SSs AN SIS B2 & Uk
IINAMRE + OHIT2 210 012 JIBES Mast=l 013 OBy Ael2

of =58 & N9 FstHE E401 & & (Photoluminescence) 2 & BFAL

(Optical reflectivity)E 2=Ch &Itz 0|82E O34 Ael22 =2=28 U
CHO =ot0 SR0E p-type I ntype2 PESHCH p-type Ch34 A2I22 84

222 Alg|2 Z BHAKOptical reflectivity)?l S&E XILID UASLICHT S8, n-type
o Tts4 &zlE22 2P0l 2=22 FII T A negative electrons XlLI1D YD
n-type2 O34 4Acl22 & 224 (Photoluminescence)9| S XL ACH,

2 0lZot= 200l et 3712 2&0l JhsotH,

dFo & A2l20N S==2 ZItet B

=01 &t BrS0l & 2 LAH =0

At BEEE ofH EHE O34 &el28 HUEZ2 S22 X DHEHA x4

0

(hydrophilic)2| SEHZ 0|2 XA EC G4 &2 BEHE s-H4H =, &
HE AMSIE Adl= LEUl=s AN &3E JES Aldle L= L= =
e), 2201 2= HoE MEHUMAML 2= &tst SE, 3FefE Atgt 2HY = F
M A5 2R S0| USD 0l HHEHS S50 Ao SEE XE & 2 oY
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Chapter Three

2. Experimental Section

2.1. Materials & Instrument

2.1.1. Materials

Lt (nm) 3D(2 J|=1t OL0I2&(um) 2|2
Z3 QoIHE &4dot)l 2ol 1~10mQ 2 X
ANEotLCH HMI|SHEA AI21D1
reagent, Aldrich) 2t
S AAID]D]

1:|/\|o
T =

P&t
?|8t Etching cell2
=0l= aluminum foil2 AIZ0IAC.
2.1-2. Instrument
alclzZ oo

Galvanostat(soucemeter2420)S 0| &

= A

HMIlgstoz  BA

===t ethanol (ACS reagent, Aldrich)2

Teflon cell@ AIEoIA 1D, +8320<=

Al (Electrochemical Etching)=
SIQICH EAE ptype CHRA Al

J
I

AIZ121

Facg2 &

platinum wire 2

< of

Z& UV-VIS

integrated analysing system (Ocean Optics USB-2000 spectrometer)= AIE00 A Z2]
ALY 2 22 HdES SHOIRUCH Lot HHE =Ho6H| fol A=At 013
(FE-SEM)S AFZ0t0 =Helot AL
2.2. Experiment
2.2.1. Preparation of Porous Silicon

34 aclE2 M M=ol &el2 AOIHE MI|ststdel A2ls Sot:
acl@ A0l EH0 Lt 3J12 JIS(pore)dt Lt XS 2 StCh O34 &
2|20l 84d&%EH= Jele= Fig 3500 LEr A= Hit 201 A2l&2 HF
(Hydrofluoric acid) StHIM HFE EHFUAS M 220 U= 22 == 20t
HoSiFs2t Ha(g)E A S22 A2 OXHIF AT Ael2 AoIH E3H0 €3

st =S = Usd JI3= gdotil =th
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. \\\\lrj
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> i

SiF >
,F +2F- 1

o
ﬁ
TN

o

:
'-rj—z !

H+

Scheme 14. Mechanism of Si oxidation during the formation of PSi

U342 JI182 EdF= dFAMIIS oIt MI|ststd Al2E A2t HFZ0H S

Jeln Al2l2 folHel gefol et J1=32 XIS0ILE 2018 = U0

N = OI0I3 & Al JAdct= S=0 XA 2EE = UL g4E U334 a2
ot O34 A2 52z °

£ 0OF0 Fabry-Pérot fringe pattern= 2t=Ch Ol

o tst2&0l AKX SOHIPALE L2 M T35 52

=289 H3E =dot Y 22 HItY HEez HIS ot &0 0lefgt

oty dE2 5ol dAZAHS SE=0H00 Z2l 01D B2 H+I0F &l
O (]

RULCH fringe pattern2 Bragg &1(1)0l 2/t MAEH 242 = UCH

mA = 2nLesin© (D)
Ol A2 0l HAPUA AMEE= Lo A 6=90°Y M, mA = 2nL0I22 B
2 2 MMEE ol MEE O34 A2E2 SHL) 2EEm)0l 20Wetn
= = Ul
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=8t ptypel A2 HHZF  0IHB  dopped, <100>, 1710R)
Potentiostat/Galvanosta 363 2 Z(EG&E Instrument)E O|E5I0{ MFE LA Al2t
c==EA 300We BHESC €S R F=EA MI|-ststA RAS GHH Z® S

o Ot84 &lcl20| SH-E . 2AE0= hydrofluoric acid (ACS reagent, Aldrich)2t
ethanol (ACS reagent, Aldrich)S AFESIR 20 HF : EtOH = 1 : 1 2 RIHIZ &
HIGHRAC.

o

Ol

ol

HF : EtOH solution

S «——\1 anode

N
e

Figure 35. Schematic diagram for porous silicon.

SD|otet ™ R4 A2 Teflon@E BHS O &l etching cellOll 22|12 RA0IHE 2 1.2cm x
1.2cm8 3J|& &2t Teflon cell2t O-ring seal AtOI0fl 2 10 etching solution 1:1 2 90| IH
HHM =gst =2 HAE=22 0-822 A2¢&l “ﬁ”g(platmum) OICON, &= L =0I
5 & 2 (aluminum foil)0fl HZ3H0 &R (50mMA/cm’, 3min)2 HA SAI0 300We

£ XM MIIE RAS SotH EHIGHALH 0l 2 3 & 2 Teflon cellOll A ==

HotAL M A2 =0l = Ethanol 2t Ot22 JIAE OIS0t M A, A XotRALCH
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2.2.2. Process for surface Derivatization of Porous Silicon Samples

HIIstst™ A2 Soll 2 O34 a2 EHAMSE Sot O HEHO|
Si-OHZ JZZEDN &4 EHZE 2= MeE O34 &elE22 MEGCHACH EX
&tob= furnace (Thermolyne F6270-26 furnace equipped with controller)& Ol&0tN
300CUHIM 532 SOt ASHAIACEH &3 Y & 20 O34 &2z HEsS
2 MI=EGHD Ar gas otUHIAM AtESIHI| & Al HXGHULCH 8t A HEHE 2=

=24 &2
l 8lze
0123t 80C= 24AI2t&S 2t hydrosilylationS StACH BHS0| 2Lt
acetone, CH,Cl,, 12| 1] ehtanol =AM Z M= = oI L.

2 Hydrosilation2 & £ 0| &0t =HIotALH.
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H H
\ / Oxidation HO\ O 2H
o — Ry
ot Si S"w,, 300°C , 2min . \,',WS1 \SI .
Si Si . 4
. Si Si
Hydrophobie S.urface Hydrophilic Surface
Fresh PSi Oxidized PSi
CHs  cH,
Hydrosilylation {(HC)o(H,C )
CH,
// C
H, ’
120°C 24hours reflux “.Si—ii -
S | s
Si Si
Hydrophobic Surface

Alkyl derivatized PSi

Scheme 15. Chemical scheme for the thermal oxidation and hydrosilylation
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2.2.3. Solvent degassing
2 AMEUHAN MEEE RIIZE0H= chloroform (99.8%, Aldrich), n-hexane, methanol
(98.5%, Aldrich), benzene, (99.8%, Aldrich), Iso-propanol, (99.5%, Aldrich) Z12|1] Toluene,
(99.5%, Aldrich)yS 22t ALEotRUCE 01 FII E0S0 EMote &AE MG 5t
degassing= 53| BF=0t0f 22 FH| oA 1 U2 RIIEMSS Pyrex EII0 2UHA
222 US1 Ar JHAZ X8 AIHM AAQS| Bt2E 2M3| XHGHRCHL 01 =Hl &

pal

m

H& 229 RI| EUHS2 ==t SIS (vapor pressure)= 0|0t A& oHULCH
2.2.4. Optical Properties and Bench Setup
3500
o 4000 \ =
Reflectivity L. Photoluminescence  =3m
. 2 30 , : T
Drganllc vapor f; Explosive detection:  E
detection: = a0 Quenchingof the P~ 8™
ohuft in the reflectivity 8 i
= 1000 T
5 I 1000
o
[ 0 ' ' = 00
400 600 800 1000 L

400 500 600 700 800 900 1000
- titavelengthinm)
under white light under UV light Wavelength (nm)

Figure 36. Optical properties of porous silicon; reflectivity (left) and

photoluminescence (right)
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|0

p-type B4 A2 RH & BHAI tl= BIAH ABIEHES £F ot RIoiM EAH &

o o o o
DS 0I85I%L, IgorZ2 IS 01800 &S 2 NBE 0HBY Ael29
| BES Sotol Folol BE AMES AU

Febry-Pérot Tl X| IHEES E2|(f .
& 0 OE FT MIl ¥ SSESISMHEOT; effective optical thickness)2| 2t H|
£ o ottt & g4 AHEHES =Hot)| fol UV-330 nm 2 optical

microscopeJt H&E Ocean Optics USB-2000 charge-coupled-device spectrometerS AtE

D= AHEHE2 MHEAMNAN S0l MAs & S0l p-type Lh3d A2lE2S €1 =&
OF SAZAL BHAIZAO0] S S0l QA ot ACH Ol & o2 AZ A2 ot

2 J1Z 0l (chloroform, n-hexane, methanol, benzene, Iso-propanol 12|31 Toluene)S 2
gt B0t U384 AclE JISW BHEote BstE K= & B'AIE LIEHHE Febry-Pérot

fringegl s & e2M

o o L o =

2

s L= photolumonescence spectrall ZAE 0|E5t
ZZotRULE RISt 20| 2L U344 4222 HHAM =IISHE =t&al KH6H|
PIoHA 22 ArJIHl 22018 538 & BF=6t0 |II E0HEL SIIE

28 A
Ct. 0= Ocean Optics USB-2000 charge-coupled-device spectrometerS O|E5t0 RI| &

0

OHet BtS GHJI&Cl Febry-Pérot fringe Lt photolumonescence spectrall FAXZE S0t
dg 210 ¢ ALk
s O34

g Adel@ HEDL Asd O34 4@ HYS =0I6H)| ®I6tM FT-IR
0l Iy

(NICOLET 5700)2 0|5t XA GtSCH Sol €8 43S 0|80t A& Si0,2 2
X RS0 1095cm™9l LAE B0I5t0] 2 4 UYASH hydrosilylation BHE KPE
3000~3500cm™ 2 EXNXS TITE SoHA &0 & 24 AACH
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Light Sources
{White or UVY)

JISB2000
Spectrometer Computer

Figure 37. Optical bench setup for obtaining the optical properties of Porous Silicon
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3. Results and Discussion

p-type UtSd 2|2 E S e = 8 S40| LIEtU= 0l=E Z0t27] A
34 &el3o (il =HE AL EA S0I1E S 0I2oiAM S8oll = 210 232 D]
& 3AJl= 200nm £ 0|04, 0l JIZBE 0180t 56 x 50 x 40A 2 AJE 2 =AY
Ct. &2t Oad A2 FHe 5.5um 8 & AUACHFig 38).

15.0KV. 8. 5mhix200k*SE(M) 3/5/2007.

5.0kV 9.6mm x10.0k SE(M)

Figure. 38. Surface (top) and cross-section (bottom) SEM image of prepared porous
Silicon
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Absorbance

V (Si-O-Si)
p— —r —r -f"k.._._'

A
vV (Si-H))

—Fresh

Oxidation
— Hydrosilylation L
- e Pl
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm!)

Figure 39. FT-IR Spectra of fresh PSi (A) and oxidized PSi (B) and
Alkyl derivatized PSi (C)

024 delae Aol HZ2E A0IHH HEFE 240 A& 2AS Sot¢ H
& ZICh O34 Ael2 HES FT-IR € Sot =I5t wSi-Hy) = 2090, v(Si-H,) =
2115, W(Si-Hy) = 2140 1212 w(Si-H) = 908cm”, ©2 =X JEES Fig 39(A)MA 2ol
St QICH EH ASIE 5t0 2OA B4 A2I28 EH0| v(Si0)2 BSHEHA 2100cm™
o X &SE Fig 39B)UAM HoIg = JRULL E8t hydrosilylationsS Sot0{ L&
024 agl2o 2XNESS2 3000~3500cm” H0 LUEILER Axd ZHZI|ZE JHXD
Ue US4 Ael2 EHE Fig 39(C)H N &olg =~ JUACH
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5000 T T T T 5000
-
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£ 5

|3 -

= 2000 42000 S

5]

~Z J ﬁ

1000 [ { - 1000
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Figure 40. Reflectivity(blue line) and photoluminescence(red line)
spectra of prepared porous PSi

&5t pype A2lR HZF FOIHE /850 MA & OBA 42|22 Fig 40
A 2= B2t 20| Febry-Pérot L2l X| IHEI 1t PLE SAI0 JHXI D JAUSH PLE
JIIHE (excitation wavelength)Ol 380 nmE [H 660 nmOI A =0 &= S0 =UCHL M=
= O34 AelZo U334 (porosity)2 =0 Z2HE ZLHOZ ST EU2MH[ref]

N = Ol:
[~ J

ttsd2

80%& & Ol UL
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Fig 412 &=8t U334 42201 R8I 0 == SI120| X oS 22 BIHE =
oz 0l = O34 42 J130 IS0 SI120l HAM S

Red Shift
— 8
3000 [ ' : ' ‘ ' ]
| ﬁf —
2500
5 o 2000 ¢
3 3
'§ § 1s00 |
| 9
M B o0 |
500 -
l] 1 1

400 Z00 600 o 800 000 1000

Wavelength {nm) Wavdength (nm)

Fig 41. Oxidation and Hydrosilylation PSi

Fig 42(A)2 p-type HZE acl22 &MJ| - st RAS 6t 20U 0S4 Ael22 W
MIRAS 0ISoll BPAH AHREZES SEoOH TP BtAF E S0l 2 T= 44 2ES of
O Febry-Pérot fringe2 O|E2Ct 0| Febry-Pérot fringe® JISUHR0 ASHSEHE0l AN
SOHIALE WEHLZ O C38 32 =& E(reflective index)2 H3I0F LMFI HME T
= HIIY BOZ HRIE ot =L 2" 82 Bragg A0 2ot MALSZ2 ZAE
AN ©E US4 Ael29 Bragg A2 USW 20 &2 Z&SM(optical thickness)It L,
=& E(reflective index)0| n, 12|10 It (wavelength)2 A & il mA = 20l (mS %)

£ OFEAZ2 [ BraggAlOl 88 EIChL
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Fig 42(B)= p-type 2 photoluminescence2 Z1cHZE LEHH TeHZOICH ==&t O34
acl29 HE JI30 R S0He 3IIY MAM SHLZM A& 401 LA
A8 42 O34 &2l22 22 chloro-mophorel 25HH otet S&E =AS &A= HI

E
E

S¢et BIJtLIs
PO 22 OZ

2 Al(nonradiative) & Xt

fels &8I sstEe

Holl

OF Mz=dLCh

Al al

Ol Fabry-Perot fringe & &1t

SIS 34 &f
photoluminescence & &S S Al 0| JtX 1D UCt= XS Fig 388 Sot &21e = JUULY.
Oldst E&E 21 U= O34 A2lZ2 0120t FIIE0HQ! chloroform. n-Hexane,
methanol, benzene, iso-propanol, 12|31 Toluene2 E X0 E/UASLICH

3200 ' 5000 — —
A —— Fresh-PSi /\ H
2800 o Chloroform [ ”{‘
- N-Hexane \ t ‘
*  Methanol
2an ot e il

i

-
=
-
[
: _.‘5 3000
:E 1600 z
g £
&
€ 100 S 2000
=1
800
1000
400
o L L L L L 0 e
400 S00 600 700 8O0 900 1000 450 500 55|] a]u 551] 71]] 75]]
Wavelength (nm) Wavelength (nm)

Fig 42. Shift of Fabry-Perot fringe pattern (A) and quenching photoluminescence spectra
(B)
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Table 11. Changing EOT and Quenching photoluminescence of Fresh PSi for

different analytes.

. Vapor Quenching

cocr)r:gzz::: e Preaspsure e FL (%)
(mmHg) 1 7 3 1 2 3
Chloroform 156.05 1429 1430 1429 74 72 71
N-Hexane 121.26 1372 1333 1412 65.6 £6.3 &7
Methanol 9743 1315 1330 1324 £1.7 617 61.1
Benzene 30.85 1015 1008 1003 55.5 54 2 55
Iso-propanol 30,92 799 97 504 195 187 154
Toluene 2168 318 316 320 09 6.3 6.4
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Table 12. Changing EOT and Quenching photoluminescence of Oxidized PSi for

different analytes.

Vapor Ouenching
(:0(;:3:3::: ds Preaspsure S FL (%)
(mmHg) 1 o) 3 1 2 3

Chloroform 156.05 1173 1143 1185 62.6 £3.2 63
N-Hexane 121.26 514 919 a0z 26.1 26 26.4
MMethanol 9748 830 927 826 66.5 £7.1 66.5
Eenzene 80.85 609 646 &7 17.6 18.5 18
Iso-propanol 20,93 728 730 738 55 55.7 554
Toluene 21.68 154 145 159 0.8 7 6.5

Oxidized PSi&E Z 1= 0FcHel Table 1201 LIEFHLHRUCH Oxidized PSi2 olEEAI
Jlg ZZE(Si-0H) a4 &ez &8 H22 IJtAl1 UCH fresh PSiZR=

SIS0 =2 gets &2 BtH  Oxidized PSi2 SI1201 Jt&E 2 ChlroformS

Helst LXK 24229 22 A2 HM JdE0 Jgs AL Hi=xst 3D
22 JIX 1D U= n-Hexaneldt Methanol, Iso-propanoldt Toluene2| HR AMAE SR

st 24 Z X2l Methanoldt Iso-propanolOl HI=4& Z XAt n-Hexanedt Toluenell
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ol
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Table 13. Changing EOT and Quenching photoluminescence of Alkyl PSi for different

analytes.
. apor Quenching
co?r:gzz:f s Pre?;sure R FL (%0)
(mmHg) 1 2 3 1 2 3

Chloroform 156.05 269 267 270 725 72 731
N-Hexane 121.26 258 260 261 61.1 61.8 625
Methanol 9743 175 171 178 17.9 18.2 18
Benzene 8085 215 221 218 321 329 33
Iso-propanol 30,93 69 66 70 299 298 296
Toluene 21.638 99 a3 a0 8.8 9.4 9.2
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4. Conclusion
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