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ABSTRACT

Novel Silafluorene Derivatives Having Triptycene and Tetriptycene
Structures : Synthesis and Their Applications for

Electroluminescence and Explosive Sensor.

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

Graduate School of Chosun University

New functionalized Bis(triptycene)silafluorene and Bis(tetriptycene)silafluorene have
been synthesized and their optical characterizations are investigated. silafluorene unit has
been interested, since silafluorene has a unique optical and electronic properties. Here
we report the synthesis of new type of photoluminescent Bis(triptycene)silafluorene and
Bis(tetriptycene)silafluorene. New silafluorene have been characterized by FT-IR, TGA,
LC-Mass and UV-vis absorption spectroscopy and X-ray single crystallography. Their
optical characteristics have been also investigated using photoluminescence spectroscopy.
The synthesized compounds were characterized by 'H and “C NMR spectroscopy.
Absorption and emission spectra for these compounds were obtained by using
UV-Visible and fluorescence spectroscopy in solution. Their emission behaviors and
quantum yield for these compounds were investigated both in the solid and colloid
state. Our results indicated that both compounds were used as the chemosensor to

detect various type of explosives such as (1,3,5-trinitroperhydro -1,3,5-triazine, RDX),
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nitroaromatics (1,3,5-trinitrotoluene, TNT), and nitrate esters (PETN). The results of
detection efficiency showed that both compounds were served as an excellent
chemosensors and other metallafluorene derivatives were synthesized and their photonic
behaviors were investigated.

Bis(triptycene) silafluorene and silafluorene are synthesized and evaluated for white
O-LED applications. These compounds are of interest as light emissive layers, as they
possess relatively low LUMO energy levels while maintaining high HOMO-LUMO
optical gaps. Differential scanning calorimetry measurements reveal that these
silafluorene compounds have advantages of thermal stability above 300 °C. Organic
light-emitting diodes have been fabricated using thermal evaporation technique. They

emit blue to bluish-white light with an excellent diode behavior under the forward bias.
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One. Synthesis and Optical Charactrization of Triptycene and
Tetriptycene Silafluorene

1. Introduction
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2. Experimental Section

2.1. Generals

= &l&2 standard vacuum line Schlenk technique

2 0t22 JIM 2RIII0M 2HotACH A0 ArE8 Al
n-BuLi, anthracene, iron bromide, bromine, silicontetrachloride, dichloromethylsilane,
dichlorodimethylsilane, dichlorodiphenylsilae, Furan, n-BuLi, 72% perchloric acid =
Aldrich? FlukaOfl A FotA 204, Chloroform. Methanol, Toluene, Tetrahtdrofuran,
Diethyl ether, n-Hexane, Ethanol2 OCI(SZMUEHMZS otH AIESIALE A=
20l o222 JIA 2=2010M sodium/benzophenoneﬂ M 24A12F 04 &2 A

2l & 22| THF2 diethyl ether, hexane, toluene S= AE0IACEH 2& SHAl At
25= 209! THF= Fisher 3183 AtIAl HPLC gardeE T ol0 CIE &H2l &l
Ol ArESIRALE & AHEZHEZ UV-vis spectrometer(UV-2401 PC, Shimazu)E 0| &

ot &ERUCH FT-IR spectrat= diffuse reflectance (Spectra-Tech diffuse reflectance
attachment) 24/ © 2 Nicolet model 5700& OIE26t0{ =& oIULH FE =22 2= 2
A2 Bruker AC-300 MHz spectrometer 'H NMR, 300.1 MHz 1} “C NMR 2| 75
MHz)E2 0/&6t0 UCH. NMR &0H chloroform-d= 2 SOt CaH,2 wWPBHAIHA

N2 =22 HIHOIH AIESICH NMR I13°9 & 0|S& part per million (8
ppm) 22 L HXIH & Ch. Photoluminescene (PL)Z= = AMZE 1wt % THFO

rir
ol

0
ro
tol

o

3 square quartz cell& ALEGH0O! Perkin-Elmer luminescence spectrometer LS S50BZ

ZHOIULCL. SRR ZBEEZ =0I5t)| o X-ray single crystallographyS 0| & &t

o
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2.2. Synthesis
2.2.1. Synthesis of 1,2,4,5-tetraboromobenzene 1

LEtE 10l dropping funnel, 27 H2J|E Xt BIEI| HREE L2I0tAZ X[ &
Al 21C}t. 1,4-dibromobenzene (100 g, 0.42 mol)= L= ItA GHOll Al dried carbon tetrachloride
(600 mL)OIA WBIGHH 283 =0 & U3 B8 8J|= oil bathE 0180t & E

50-60 C ItXl S =CH 2% It 50-60 TIH El™ bromineS dropping funnel2 0|2
ot 1-2A12F SOt AAG| &HIF ot =Ch brominO| CF &EIIEH &5 70-75 C
DX 28l G2 12A12F 014 reflux AIAECE BISE

F 02 20% Na,SO; 82 (1000 mL)Z2 S HS AAISHC SHMZ0| 0|2z
CIO0F B3It A2 S = 0|40 = MM 4P Br=3H0 A AIGHECH Wt
30min ¥ CCls (100 mL) It wgts 24X 0 Hs F Za, Solide It 2
2tot0 ECH CCly, 2 MgS0Os ALESHH &0 =22 HA AIHAE | RIIEM=
Ze OloIA SLAIHA HAH AIHAE TS Solid2t E&0HH  Toluene (250 mL)E It
ot1) 30 min Reflux A2l Gt 0 T L3S20AH 22 ZFH =8N WB AHAE
Ch. 2H& white MH 2SS O{DGI0 hexane2L = MIEE = 22 StHIA HE AlFA

=t A 1,245 tetrabromobenzeneS 'H NMR2H C NMRspectroscopy= 0| 25t

[l
ol

Ml 2
2
nio

2.2.2. Synthesis of 2,3-dibromotriptycene 2

1,2,4,5-tetrabromobenzene (30 g, 0.076 mol) It anthracene (15 g, 0.084 mo)= L=
JtA GHOIM dried toluene (500 mL)0l WEHSIHH 2XM3| sHECH =ALJIE 01E6t

O n-BuLi (45.6 mL 0.084 mol) Gt dropping funneltff €1 & &J LHEHE
Ch BISEMo| M2 d2 =MAA AAS 2oz HEHH &L BFSAIZIR
12A12F SO WBHAIH FC}. BSEE = diethyl ether (100 mL) £ & JtdtD H,O (
1000 mL)Z AI=ESCL OIZH 208 2Hs 2y ololM SZLAIHA HMAGHR

cyclohexan@ 2 =90l & MIFZ0OHE cyclohexane 100%E 0l E0t0HH ZHLZ =l &

Ct. 2822 20d HEE RIISE HMAHotH 22 et X

=
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acetone(400 mL)S &IIotH EtES GtXl &Z 2 anthracene= MHGHH ECt 0 BHS
anthraceneS ZHZ MHE F YL HHE ZUCHH GOl MH2S 2=+
ULt A E 2 3-dibromotriptycene2 'H NMR2t “C NMRspectroscopy= 0| 25H0 &
oIGHA LY.

2.2.3. Synthesis of 2,2-dibromobitriptycene 3

2,3-dibromotriptycene (10 g, 0.024 mol) = JtA OOl A dried tetrahydro furan (150
mL)Ol A WEHSHD] &S| =0 IS BtS 8J|E Dry ice bathE 0| &0dt0{ -78 T 2
OtS1 AEXE 01&6t0 n-BuLi (8 mL, 0.024 mo)E F ot MASI &It StUAC
BISEMUO| MA2 MOl ZHNA Xt 22 HEIRUCEH BFE A2 n-Bulill
Ch EOtE O3 2A12F 2% O 28+8 AIHAZELE dry ice bathE MHE = &0 &
M MK 2EE 2 FHA 4AI2 SeF WEHAID] FCL B8 38 & g4 9
E 2 StiM SZAIA MIH 8 = hexane(100 mL)EIISt) G{DtAIH =H E2
Lt MASs A2 & QUCH A4S 22-dibromobitriptycene 2 'H NMRQH °C

=
NMRspectroscopyS 0| 26H0{ =HI6HA LY.

2.2.4. Synthesis of 1,1-methylhydro-4,5,8,9,-bis(triptycene)silafluorene 4

2,2-dibromobitriptycene (5 g, 0.008 mol)S = JtA GHOIA dried diethyl ether (120
mL)Ol Al WEHSHH 2t &0l =0 & S BHE EJ1E Acetone bathE 0|20t -78 T 2
Ot=1) A2IXIE 0/&0t0 n-BuLi (9.4 mL, 0.016 mol)& & &S| EIISHCE BFSAl

2t2 n-Buli = 4A12t 8& 0B A|HAEC BtS &= Dry ice bat

242 0I=20t0 -197 C2Z0A 302 E= Leltt. Ol 2R2 SI1Jt RS EX

2EE Ar2 2HAM OHSH AZICH  dichloromethylsilane (1.65 mL, 0.016mol)S 4!
elXofl ot 8 Yol EItet 22 JtA SHiAM &201 2 M K 2&EE 2

2| ZOIN MUIBICH LM BHS I LS LUMOB BN AR202 2%

i
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o

Ct. CkAl ether (50 mL)E & Jtot) O 1t

F

=

S

otOllA S AIA MIH

i
X0
X0
xr
Al
H

0l
lll

KJ

ol

ilo]
i

H Z=Ct. hexane (100 mL)Z 33| 8% It A
SO 242 AIZICH

;

=

2.2.4.00

it ©
[ = Ry w—

o

A

=

'H NMRZt "“C NMRspectroscopy

o
ju—

N

o o

AH

Jrof
=

2.2.5. Synthesis of 1,1-dimethyl-4,5,8,9,-bis(triptycene)silafluorene 5

S 25t dichlorodimethylsilane (2 mL, 0.016 mol)2 &It

A Al

1,1-dimethyl-4,5,8,9,-bis(triptycene)silafluorene 2

=2
=

O
0

o
X0
oD

<+

ol
ol

0l
D

10

i0J
il

p)

2.24.00

'HNMR It “C-NMR

o

[—

=

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

2.2.6. Synthesis of 1,1-dihydro-4,5,8,9,-bis(triptycene)silafluorene 6

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

spectroscopy

=
=

ok

OlZ0ot® -718 C 2

Z = Dry ice bath

20A 2A12 E= O 1

Acetone bathE

S 8JIE

gt

s

KH
A

10
KJ

HOH

XIE 0l&3dt0 n-BuLi (9.4 mL, 0.016 mol)

[[e}
oJ

F

OlA 1

I.
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(=]
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—
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=
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i

0
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=
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el
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It
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(=]

0

I EP)IPN

&

=

. Ol 2122
=

(]

=

HlA 2820l

. B2
trichlorosilane (1.65 mL, 0.016mol)2 & &l X[}l

[9)

A

b AIZICH

At
(=]

3
b =2 Ot

o}

t

AN OH

A &L
O -197 T2E0A 302 &

o

4Al
=
o

=
= =

Ar

o}

=

=
=
[=]
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=

=
Ol
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=
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2.2.7. Synthesis of 1,1-diphenyl-4,5,8,9-bis(triptycene)sillafluorene 7

1,1-dichloro-4,5,8,9-bis(triptycene)silafluorene (10 g, 0.016mol)2 &= IJtA  SHOIM
dried tetrahydrofuran (120 mL)0l wEIGtH 2&3| =0ECH A 20A PhLi (18 mL
0.032 mol)2 &l X0l FStH dropping funnel®il &It &t Ch8 &3 £ AIZALCH

BISEHo M2 F2 LMUM AASI &st ZM o2 HGIALH BtSAIZt2
4A12F St WEHAIZ FECh BIESE= F 224 WS 2 StUM SZAIHA WA
St & ME2 (100 mL)2S &6t wEH AlHAZE S 04 U6t hexane (50 mL) &

JIot0d  MIZBHCH hexane 22 331 O FIb MG =C. 'H NMR2 °C
NMRspectroscopyS 0| 260 =HI6HA L.

2.2.8. Synthesis of spiro-4,5,8,9-bis(triptycene)silafluorene 8
2,2-dibromobitriptycene (5 g, 0.008 mol)E = JtA GHOIA dried  diethyl ether (120
mL)Oll Al WEHGHH 283 =0 & O Bt EJ1E Dry ice bathE 0|&E0tH -78 T 2

2CE ¥F = & 4EXE 0/26t0 n-BuLi (9.4 mL, 0.016 mol)E F ot A A S
It OIQUCH BHS 2 3AI12 & Wt 8t = Dry ice bath & HHGHLD &R2C2 2

_10_
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2.2.10. Synthesis of 1,1-dimethy-4,5,8,9-bis(triptycene)germafluorene 10

1,1-dichloro-4,5,8,9-bis(triptycene)germafluorene (10 g, 0.0154mol)S 2= JtA SHUHIA
dried tetrahydrofuran (200 mL)0l wWEHSHH 2AM3 =0HELE &2
mL 0.0308 mol)S &2 X|I0l Gt dropping funneli| &It =

210}, HIS20o| Mt Ao L 2tM A MAIS XRIEH 2AM O HEIYH[C) B2

2T E T [ |

o
0
D

P
£l
ol
alll
]
>

st = HE= (100 mL)S &EItot gt AIHE CHS 04 2ol hexane (50 mL) &
DI5t MBS hexane 22 33 O MG =Ch 'H NMR2 “C
NMRspectroscopyS 0| 260 =HI6HA L.

2.2.11. Synthesis 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)=S 2= IJtA SHHIA
dried tetrahydrofuran (200 mL)0fl wWEHGHH 2XM3| =0HECH A 20AM PhLi (17.1
mL 0.0308 mol)2 &S XNl F 3t dropping funneltff &EIt &t Gt & &3 £ Al
ZCH SrSsd Ma2 E2 SN AAMSl XEH 24 o=z BHEIRICH BtS
AZE2 SAIZE S0t WHtAIF] =L} BHEEE F SHS 22 oA SZAIHA M
st & ME2 (100 mL)S &IIot0d Wit AlHAE ChS 4 246D hexane (50 mL) &
Otst0l  MI=SHCH  hexane 22 33 O AESIH =Ch 'H NMR2 "C
NMRspectroscopyS 0| 26H0{ 2HI6HA L.

2.2.12. Synthesis of 6,7-Dibromo-1,4-dihydronaphthalene-1,4-epoxide 12

2L BrEI10l &3, dropping funnel, magnetic barE F ot BIEI| HRE Ar(g)
2 XI2tAl2] CtE tetrabromobenzene (80.0 g, 0.203 mol)dt Toluene 1600 mLE S &

ol

t) WEHAIZICE Acetone bathE ALEot0 BFEJl WE 25 23CT=2 H2 A2
Ct. 1.6M n-BuLi (140 mL, 0.223 mol)S A& X0l Fot( funnelti Fot) sL=2
COHA BESOI0 ARG eSOt £ WS AAISHCH £ 225 B UE

2EE M22=z S2AIl10 overnight BFSE AAISHCH BIES &z = BESI|0

_12_
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MeOH 10 mLE Fotd wets A0 RIIS2 H.0E AFESHH 33 A=A
=, Eclotd MgSO,E AI8otH &7 =& MH = ZH Y AlZICh e =

I BlHES2 22 SFotH s=A2I & MeOH GtOI A recrystallization Al ECH &

2.2.13. Synthesis of [1',2'|Benzeno-5,14-dihydropentacene 13

IL BFED|0l 27 HAIIE AXlotl 23I] HREE Ar(g)E XISHAIZICH BHED10
6,7-Dibromo-1,4-dihydronaphthalene-1,4-epoxide (18.12g 0.06 mol), Anthracene (10.9 g,
0.06 mol), Xylene 700 mLE F &ty WS AAISCE BISI| WE 2&E Reflux

28 sS2ADI8A wgts At SEXHQ Reflux20lA 4day SO BIS

o

AAIBELE BlS &t2 & BIS)| HE2EE A202 W2 A2l U3, 2d2EF
ot RIIZMHE =sAIZICH BEEII0 MeOHE E20ot10 W8t AlI2! = FilterOd 0t
A2l & AHXZAIZICH &8s MH22 'H NMR (300 MHz, CDCL3), “C- NMR

spectroscopyS 0| &0t 2216t L.

2.2.14. Synthesis of 2,3-diboromotetriptycene 14
L BtSII0 &5 H=2D|, dropping funnelE & XISt BtSI| LHRE Ar(g & XI&

A21Ct. [1',2'1Benzeno-5,14-dihydropentacene (19.2 g, 0.04 mol)3t EtO

T

400 mLE Bt

SO0l S5t wetsS AAISHCH 72% perchloric acid (45 mL)E & & 06t0 funnel

ice-water (1200 mL)E =H|olL BIS 228 = BtS== FItotH wWBH AI2ICH
A ZEE powder= Filter 041t Al9|12, Toluene ot A recrystallization AlZH Z=Ct.

A&l MAH22 'H NMR (300 MHz, CDCL3), “C- NMR spectroscopyS 0| & 504
ol

il

o

_13_
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2.2.15. Synthesis of 2,2-diboromobiteriptycene 15

500 mL BFSI|0l 2,3-diboromotetriptycene (4.0 g, 0.0086 mol) & F 35t dropping
funnel Xl = vacuum dry AIZICH B3I LHRE Ar(g)E XIStAID|1D

450 mLE S0t wBtsS A AISHCE Acetone bathE AFESHH BHSD
-18C 2 H2HAIZICH n-BuLi (3.5 mL, 0.0043 mo)S & &5t
|

0l £ wgrs AAlsttt. Fg2s = s

rc
0|0

[z
(2
Ol

s
010
o
|
>—

I
AESHH vacuum dry Al2! Ct2 BHESII0 MeOHE #EHItotd wEtAI2I G2
Filter O 1t AI2ICH Sfd=E ML=

FALH.

= Acetone bathS HMHoILD A20=2 E2AI2I0 BIS2t2 § LN,

U
2

==

ro

'H NMR (300 MHz, CDCL3), “C- NMR

ol

[

o
Ol
52

spectroscopyS 0| & 6tN

2.2.16. Synthesis of 1,1-methylhydro-4,5,8,9-bis(tetripty cene)silafluorene 16

250 mL BtSJI0l 2,2-dibromobiteriptycene (5.0 g, 0.0065mol)= =

it}
_O'ﬂ
N
<
&
=
B
o,
<

AZICH BtSD| LHRE Ar(g) XI2AI2! C+2 dried diethyl ether (120 mL)E S5t w Bt
SHAIZ 2683l =01 & O3 2+S 8I|E Acetone bathS 0| E6t0 BISI| LIRREE

|€ 0/83t0 n-BuLi (1.6M in hexane, 1

?

X
Ol &l HOtetlt. BFESAIZH2 n-Buli It 4Al
2

X &t AI2ICt  Dichloromethylsilane (1.73 g, 0.015 mol)S &2l XI0 H3t0 & 20l

EOototl) 22 JtA ool a=201 2 [ A 22 S =8N WEHeHCH &2

_14_
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Filter 04 2t A|21C}..

o

o

FS D10l hexane (100 mL)§ 2 3+0 1 BF Al2! Ch

[

]

StC.

LN,E ALE St vacuum dry Al 2! Ct.

ol
O
0

Ed

Al
H

dried diethyl ether (120 mL)E

o

o

AI21 C

b

=1
—

tSI| R E Ar(g) Xl

[

250 mL BtSJI0l 2,2-dibromobiteriptycene (5.0 g, 0.0065mol)= =& St1) vacuum dry
Y

2.2.17. Synthesis of 1,1-dimethyl-4,5,8,9-bis(tetriptycene)silafluorene 17
Al 21CH.

NMRspectroscopy

11
Wy
0l
I+

~
0l0
ol

0lsstN
IXIE€ 0/&38t0 n-BuLi (1.6M in hexane, 18.8 mL,

_

Acetone bathE

S EJIE

b

g
—

0

.

C

F

2AI2!
=

A

o

2
ml

o
1 4]

[m;

2

—
=<
x=

I.

A
(=]

4

)
=1

}

[¢]

HIA

c
T

==
[—

=

=2

ot
I DX

=
(=]

Acetone bath
=

o]
==

=3
-

22 2Z0AM 2A12F & O W

Ar20]

2

Al
=

o
=,

= g3olo A

b

[

S

= 2
Dichlordimethylsilane (1.94 g, 0.015 mol)S 4! 2! X0l
Jtotn =2 JtA SO A

o

b AIZICH

o
o

S|

AL
=

ZZ0A 302 B H=2AI2ICH
=l

718 C 2 W2 Al T
Ol

0.015 mol)E2

b

C

X

b OO A SEAIA X

S X E 2
Filter O4 1+ Al2!C}..

oF
ok
nH
Kl
0l0
o)
)
K
i)
ol
o)

E

_

~NJ

o
3

010

ol

| A
=

201l

o

[

AI21 Ct

3

[

]

imi

_15_

Ct. B+ S I 0fl hexane (100 mL) S & 6t (4

3
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C NMRspectroscopy
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2.2.18. Synthesis of 1,1-dihydro-4,5,8,9-bis(tetriptycene)silafluorene 18

2,2-dibromobiteriptycene (5.0 g, 0.0065mol)= &= JtA SO Al dried diethyl ether (120

OlZdtH -718 C 2

£ 2J|E Acetone bathS

Bt

ko]

&

0/&3t0 n-BuLi (1.6M in hexane, 18.8 mL, 0.015 mol)Z

U

o+

Ko
0l

oJ

KK

o200 2AIF B O wBk Al

Ct.
OIZ0t -197 CT2E0A 302 E= H=2AIZICH

Ol Y

b AI2ICt  trichlorosilane (2.1 g,

Jtotl) &2 JtA GHolA &=201 & [

2

S8A OH

ol 3

.l

=

st

ot

=
=

0.016mol)= &l &l XI 0l

11
Wy
0l

i

oF
ok

11
K0

0l

oJ

)
{d
S
ol
oJ

E

_

~J

ol

ol

ol
3

010

ol

=]
—

Jtot0d

&
tOd dropping funnelOfl

=
=

BES |0l £ THF (120 mL)

SEAZICH

FOHI
2ICH A0 M LiAlH, (4 mL, 0.004 mol)S Al 2! X0

[le}

=
(=]

¢}

=
=

o0

0l

0l
A
Ed

ol
=X
(o]

010

oJ
73
ol

Wk

)
K
K

00

o]

0
oll
oF

lo-

ok

_

Ol A 4Al
FotOIl A S2EAIA M

=13
Ol

methanol (50 mL)E & JIot ) O ot Al =
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3. Results and Discussion
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3.2. Preparation of Triptycene silafluorene

1,2,4,5-tetrabromobenzeneES & A& 5tJ| ®I5tM 1,4-dibromobenzeneil Br,E & JIot=
FRCM, st BHSAZ2 Scheme 1 Ol LEEHUHRACH.

g = 178-180 T UM, =SE=2

80% RACt. 'H NMR (300 MHz, CDCL;) & 7.86 (s, 2H), "C NMR (75 MHz,

CDCLs3) & 137.28, 124.40

0%

ol

& (Bromination rection)S AlE

A& 1,2,4,5-tetrabromobenzenel| melting point

<Compound 1>

1 1,2,4,5-tetrabromo benzene

Br Br Br
Br,, FeBr;
CCl,, Refulx
Br Br Br
C6H4Br2 C6H2Bl'4
Exact Mass: 233.87 Exact Mass: 389.69
Mol. Wt.: 235.9 Mol. Wt.: 393.7

Scheme 1. Synthesis of Compound 1.
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Scheme 2= 1,2,4,5-tetraboromobenzene 1= 2, Anthracene 1€& n-BuLi 1€ &2 At

206t Diels-Alder reaction® =& &4 oIS L

<Compound 2>

: 2,3-dibromotriptycene

w00 O
LS

n-BuLi, Toluene

Br Br
C6H2BI‘4
Exact Mass: 389.69 CoHy,Br,
Mol. Wt.: 393.7 Exact Mass: 409.93

Mol. Wt.: 412.12

Scheme 2. Synthesis of Compound 2.

&&= Copound 22| melting point = 190-192 C F2H £SE2 50-60%2UCt. 'H
NMR (300 MHz, CDCL;) & 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), "C NMR (75 MHz, CDCL;) & 146.54, 144.32, 128.84,
125.82, 124.04, 120.77, 53.16.

A& 2.3,-dibromotriptycenelfl n-BuLi 12€ 22 AF20t0 Compound 3 & 4 StCH.

gt BFSAl2 Scheme 3.01 LIEFLH AL

_20_
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<Compound 3>

: 2,2-dibromobitriptycene

W,
Br O Q
O&O n-BuLi N O&O O‘

©
Br THF, -78 C Q
CyoHj,Br, Br Br
Exact Mass: 409.93 Cy4oH,4Br,
Mol. Wt.: 412.12 Exact Mass: 662.02

Mol. Wt.: 664.43
Scheme 3. Synthesis of Compound 3.

AJYEOZ SHE 2,2-dibromobitriptycenel| melting point = 220-225 T A2M,
AS2S 50.60%2 LEFSCH 'H NMR (300 MHz CDCLy) 8 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,
CDCLs) & 146.45, 144.56, 138.39, 128.61, 126.62, 125.36, 123.72, 119.34, 54.72,
53.96.

&48E  2,2-dibromobitriptycene= 0| &5t 22 OE X&DIIE  ItXe
4,5,8,9-bis(triptycene)metallafluorene S s o =
4,5,8,9-bis(triptycene)silafluorene2 2f2t2| =Z2|& SH2 melting point 2 =55, 1]

2|2 'H NMR, “C NMR 2 2A45+0{ LIEFLHQUCY.

_21_
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<Compound 4, 5, 6, 7 ,8>

4 .

[o B BN Y|

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

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

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

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

| 4
CA >
{ \ /] Q% &

S
O O OV
& ‘ CpHy Si
Exact Mass: 686.24
Mol. Wt.: 686.91
CatlC1si
ct Mass: 568.14

ot Wes 560,16 O’ O Q

Si,

g
Q- lg e P
C 9

O O ‘ Q Ve

CyoHySi
Exa tM s: 534.18
Mol. Wt.: 534 72

: 2 n-BuLi, Ether, -78C b : CHs;ClL,SiH, Ether, -178C
: C,HeCLSi, Ether, 178C d : C12HioCLSi, Ether, -178C
: SiCl4i, Ether, -178°C f : CI;SiH, Ether, -178C

: LiAlH4, THF, r.t

Scheme 4. Synthesis of Compound 4, 5, 6. 7, 8
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4 : 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene
'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), "C-NMR (75
MHz, CDCL;) & 148.14, 146.57, 14535, 14530, 14522, 145.17, 14436,
133.02, 128.41, 125.49, 125.40, 123.54, 116.69, 54.72, 53.96.

5 : 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene
'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, CDCL3) &
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.

6 : 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene
'H-NMR (300 MHz, CDCL3) 8 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, CDCL;) & 147.99, 146.55, 145.14, 144.99, 14438, 135.54, 132.93,
132.76, 129.93, 128.48, 127.95, 125.15, 123.58, 116.63, 54.67, 53.89

7 : 1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene
'H-NMR (300 MHz, CDCLs;) 8 7.85 (s, 2H), 7.66 (s, 2H), 7.40-7.34 (m, 8H),
7.02-6.96 (m, 8H), 5.42 (d, J= 9.6, 4H), 4.52 (q, J= 3.7, 2H) “C NMR (75
MHz, CDCL:) & 147.99, 146.55, 145.14, 144.99, 14438, 135.54, 132.93,
132.76, 129.93, 128.48, 127.95, 125.15, 123.58, 116.63, 54.67, 53.89

8 : spiro-4,5,8,9-bis(triptycene)silafluorene
'H-NMR (300 MHz, CDCL;) & 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), 545 (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.
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o O Q a

Isolated yield = 73% Isolated yield = 65%
M.P. =390TC M.P.=370C

Isolated yield = 69 % Isolated yield = 70%
M.P.. =381TC M.P.=447TC

) D ), éO

Figure 1. Physical Properties of Bis(triptycene)silafluorene
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3.3. Preparation of Triptycene germafluorene
1,1-dichloro-4,5,8,9-bis(triptycene)germafluorene 2| &4 Z#HE Scheme 60 LIEFLHA

Ct. 1,2,4,5-tetrabromobenzeneS AFEGHM  2,2-diboromobenzneS & &6t) O J| 0

tetrachloro germanium 1= &S &I IIot & 8HC

012t 20l &&= 1,1-dichloro-4,5,8,9-bis(triptycene)germafluorene CHAl LiAIH,E Ol
gt 23 Et21 PhLiS OIEot0 XISEtSS ADIAEH Hel FEH =589

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

1,1-diphenyl-4,5,8,9-bis(triptycene)germafluoreneS Z2= ULt S ItA SS9
melting point= 300 C Ol&22 =& EULH, =522 22 60% 2 65% =

AL

_25_

Collection @ chosun



<Compound 9, 10, 11>
9 : 1,1-dichloro-4,5,8,9-bis(triptycene)germafluorene
10 : 1,1-dimethyl-4,5,8,9-bis(triptycene)germafluorene
11 : 1,1-diphenyl-4,5,8,9-bis(triptycene)germafluorene

CyoHy4Br,
Exact Mass: 662.02
Mol. Wt.: 664.43

CyoHpClyGe
Exact Mass: 648.05
Mol. Wt.: 648.16

M Me P Ph
CypHyGe Cs,Hy,Ge
Exact Mass: 608.16 Exact Mass: 732.19
Mol. Wt.: 607.33 Mol. Wt.: 731.47

Scheme 5. Synthesis of Compound 9, 10, 11.
a : 2 n-BuLi, Ether, 78C
b : GeCly, Ether, 178°C

¢ : 2 MeLi, THF, r.t
d : 2 PhLi, THF, r.t
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3.4. Preparation of Tetriptycene silafluorene

Bis(tetriptycene)silafluorene2 & A& otJ| ?I6t0 Bis(triptycene)silafluorene il AHE &l O &

tetrabromobenzene S St LB Z & AHGINH AIEZSHALEH

<Compound 12>

Br Br Br
n-BuLi, Furan
Toluene
Br

Br Br
C6H2Bl'4 CloHﬂBrzo
Exact Mass: 389.69 Exact Mass: 299.88
Mol. Wt.: 393.7 Mol. Wt.: 301.96

Scheme 6. Synthesis of Compound 12

'H NMR (300 MHz, CDCL3) & 5.64 (s, 2H), 7.03 (s, 2H), 7.47 (s, 2H); "C NMR

(75 MHz, CDCL3) & 81.98, 120.85, 125,67, 142,88, 150.37

<Compound 13>

kﬁg

C10H6Br20
Exact Mass: 299.88
Mol. Wt.: 301.96 C,4H;¢Br,O
Exact Mass: 477.96
Mol. Wt.: 480.19

Scheme 7. Synthesis of Compound 13
'H NMR (300 MHz, CDCL3) & 2.24 (s, 2H), 4.41 (s, 2H), 4.89 (s,
(dd, 2H), 7.16 (dd, 2H), 7.26 (m, 4H), 7.38 (s, 2H) ;"C NMR (75 MHz, CDCI3)
S8 47.38, 48.60, 81.03, 123.83, 123.83, 124.03, 124.39, 126.11, 126.38, 141.30,

2H), 7.04

143.98, 147.95
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<Compound 14>

tO

& Br
%O Br 72% perchloric acid O OD
O EtOH Br
Br

CyyHyyBry
s Cy4Hy6Br,0 Exact Mass: 459.95

Exact Mass: 477.96 R
Mol. Wt.: 480.19 Mol. Wt.: 462.18

Scheme 8. Synthesis of Compound 14

'H NMR (300 MHz, CDCL3) & 5.52 (s, 2H), 7.04 (dd, 4H), 7.43 (dd, 4H), 7.62
(s, 2H), 7.95 (s, 2H), 7.24 (m, 4H), 7.40(s, 2H) ;°C NMR (75 MHz, CDCL3) &
53.77, 120.79, 124.08, 125.98, 131.84, 144.21, 155.16

<Compound 15>

B

THF

Br

Exact Kiarsr 139,95
Xac ass: 5 o
Mol. Wt.: 462.18 Mol. Wt.: 764.54

Scheme 9. Synthesis of Compound 15

'H -NMR (300 MHz, CDCL3) & 5.54 (d, 4H), 7.04 (m, SH), 7.43 (ddd, 8H),
7.55 (s, 2H), 7.71 (s, 4H), 8.00 (s, 2H) ; *C -NMR (75 MHz, CDCL3) & 53.85,
120.88, 121.74, 121.95, 124.12, 125.99, 126.03, 130.74, 132.61, 139.63, 143.35,
143.81, 144.48, 144.56, 144.58
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<Compound 16, 17, 18, 19>
16 : 1,1-methylhydro-4,5,8,9-bis(tetriptycene)silafluorene
17 : 1,1-dimethyl-4,5,8,9-bis(tetriptycene)silafluorene
18 : 1,1-dihydro-4,5,8,9-bis(tetriptycene)silafluorene

19 : 1,1-diphenyl-4,5,8,9-bis(tetriptycene)silafluorene

a : 2 n-BuLi, Ether, -78C b : CHs;CL,SiH, Ether, -178C
¢ : CoHeCLSi, Ether, 178C d : Ci2HioCLSi, Ether, -178C
e : CI;SiH, Ether, -178C f : LiAlH,;, THF, r.t

Scheme 10. Synthesis of Compound 16,17,18,19
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16 : 1,1-methylhydro-4,5,8,9-bis(tetriptycene)silafluorene
'H NMR (300 MHz, CDCL3;) & 822 (s, 1H), 8.02 (s, 1H), 7.82 (s, 1H), 7.74
(s, 1H), 7.50-7.37 (m, 4H), 7.03 (dd, J = 8.6, 4.1 Hz, 4H), 554 (d, J = 6.9
Hz, 2H), 5.00 (g, J = 3.6 Hz, 1H), 0.51 (d, J = 3.8 Hz, 1H), "C NMR (75
MHz, CDCLs;) & 145.10, 144.81, 144.77, 144.73, 144.68, 143.36, 142.38,
134.27, 134.16, 133.70, 131.87, 125.81, 124.03, 124.00, 122.39, 122.16, 119.34,
53.93, 53.84.
17 : 1,1-dimethyl-4,5,8,9-bis(tetriptycene)silafluorene
'H NMR (300 MHz, CDCL3;) & 821 (s, 1H), 7.95 (s, 1H), 7.82 (s, 1H),
7.74 (s, 1H), 7.43 (dd, J = 8.3, 5.3 Hz, 4H), 7.02 (dd, J = 5.2, 3.1 Hz, 4H),
553 (d, J = 7.0 Hz, 2H), 042 (s, 3H). °C NMR (75 MHz, CDCL3) &
144.75, 144.68, 144.55, 143.08, 142.23, 137.64, 133.52, 133.05, 131.81, 125.70,
123.92, 123.88, 122.33, 122.03, 119.09, 53.87, 53.80.
18 : 1,1-dihydro-4,5,8,9-bis(tetriptycene)silafluorene
'H NMR (300 MHz, CDCL;) & 821 (s, 1H), 8.04 (s, 1H), 7.79 (s, 1H),
7.70 (s, 1H), 7.50-7.37 (m, 5H), 7.08-6.96 (m, 4H), 5.52 (d, J = 9.2 Hz, 2H),
4.86(s,1H). °C NMR (75 MHz, CDCL:;) & 145.84, 144.95, 144.85, 143.72,

142.63, 135.34, 133.94, 132.05, 129.72, 126.04, 126.01, 124.22, 124.20, 122.57,
122.38, 119.81, 54.12, 54.00.

19 : 1,1-diphenyl-4,5,8,9-bis(tetriptycene)silafluorene
'H NMR (300 MHz, CDCL;) & 828 (s, 1H), 8.10 (s, 1H), 7.84 (s, 1H),
7.72 (s, 1H), 7.62 (dd, J = 7.8, 1.3 Hz, 2H), 7.47-7.36 (m, 5H), 7.35-7.24
(m, 3H), 7.02 (dd, J = 5.0, 3.5 Hz, 5H), 552 (d, J = 13.5 Hz, 2H). "C
NMR (75 MHz, CDCL;) & 145.27, 144.78, 144.70, 143.61, 142.55, 135.86,
134.74, 133.94, 133.51, 132.09, 130.30, 128.35, 125.88, 125.86, 124.07, 124.02,
122.47, 122.32, 119.66, 53.99, 53.87.
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CyoH3,Si CsoH3,Si

Exact Mass: 648.23 Exact Mass: 662.24
Mol. Wt.: 648.86 Mol. Wt.: 662.89
Isolated yield : 72% Isolated yield : 75%
M.P:500C M.P:510C

CygH3Si CgoHisSi
Exact Mass: 634.21 Exact ﬁ'asssf 7186.27

Mol. Wt.: 634.84 Mol. Wt.: 787.03

Isolated yield : 68% Isolated yield : 78%
M.P:505C M.P:550C

Figure 2. Physical Properties of Bis(tetriptycene)silafluorene
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3.5. 42X &&A SHZA (UV-Vis absorption and fluorescene spectra)
Fig22-22= &I &l =& Q2 Bis(triptycene)silafluorene , Bis(triptycene)germafluorene

Bis(tetriptycene)silafluorene= 2| UV-Vis absorption and fluorescene spectrasS LIEHHH —]

2OICt SH2X 22HO| THFW 100ppm s =& oIQUCH Z&E 42 20i2
Jl fIol Shimadzu UV-2401(PC)S= AtE0I0 UV-Vis absorption® =& oYUM,

Perkin-Elmer luminescence spectrometer LS 50B AtZ 00  Fluorescene spectraS =

& 4,5,8,9-bis(triptycene)silafluorenel| ZstE SEHS LO0tEI| o & AHE
d @y AMEZEZ =HOIRULL Fig 32 AE2 Soled g2 2
4,5,8,9-bis(triptycene)silafluorene2! =& %L & AWE HZ LIEIH AOICH
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene 2|
O &= IS Z=C0h 310.5nm0ll 00| MEAS A oidE &
UM BtLESl 22 E SOIGHALCE  1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene 2| S
= AHEHOZ 31ImmllA = S+ IES Z=C0h 3105nml 6D IIES &
A S22 Ed®  Amax = 38InmOlM 3§
1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene®| S A
= IIEE 2H=Ch 310.5nm0l o0 IHES A 6
otLtel L& ME &QIGHALE 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene2 S A
HEHOZ 3135nmmlilAd U E= MES H=C0F 310.5nmll (I MES AL ©
Af=2 B2 Amax = 376nmUI A GHLIS] HZ [ E =QIGHALC

FHOZ 28 AIZ22| UV-Vis absorption and fluorescence spectrall gi=

g
HE LIEHHALCE

o
HE B2 Amax = 383nm0l A

-
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1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene
1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene
1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene
1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene

UV-Vis absorption and fluorescence spectra of Compound 4,5,6,7

Aysuayuy 14
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Compound4 | Compound5 | Compound6 | Compound?7
UV-Vis
. 310.5nm 311nm 313.5nm 312nm
absorption
fluorescence
380nm 381Inm 376nm 383nm
spectra
Table 1. UV-Vis absorption and fluorescence spectra
0.5 : 1000 0.5
i I B
[ I |
04t 1 800 04r | 800
R [
=) | 2) I
< 3L )‘ ‘ 4600 = < 03/ | 7 600
3 ‘& 5 3 Fo
: ’ \ : i .
| r-] |
T o02f | - 400 5 5 0.2 f\.[ -+ 400
2 | 2 . \
< | ‘\‘ < *‘\v |
| | g
0.1 7\‘( & 1200 01 L \ 4 200
{ | ’
| ‘
\“ \ !
0 4 | | | | | | 0 0 | | 1 1 | | | 0
280 320 360 400 440 480 520 560 600 280 320 360 400 440 480 520 560 600
Wavelength (nm) Wavelength (nm)
10 : 1,1-dimethyl-4,5,8,9-bis(triptycene)germafluorene

11 : 1,1-diphenyl-4,5,8,9-bis(triptycene)germafluorene

Figure 4. UV-Vis absorption and fluorescence spectra of Compound 10,11

Compound 10 Compound 11
UV-Vis absorption 315nm 318nm
fluorescence spectra 485nm 480nm

Table 2. UV-Vis absorption and fluorescence
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Figure 5. UV-Vis absorption and fluorescence spectra of Compound 16-19
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Compound 16 | Compound 17 | Compound 18 | Compound 19
UV-Vis 342nm 344nm 341nm 345nm
absorption
Fl
HOTESEERE | 388 nm 386 nm 385nm 387nm
spectra
Table 3. UV-Vis absorption and fluorescence spectra of Compound 16-19
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3.6. LC-Mass

3.6.1. Mass Spectrometer2| & 2|
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Figure 6. LC-Mass of Compound 4-7

LC-MS Spectrum(Source; APCI)
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LC-MS Spectrum(Source; APCI)
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Figure 7. LC-Mass of Compound 10-11

LC-MS Spectrum(Source; ESI)
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LC-MS Spectrum(Source; ESI)

C52H34Ge (729.197578)
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Figure 8. LC-Mass of Compound 16-19

LC-MS Spectrum (APCI-Positive mode)
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LC-MS Spectrum (APCI-Positive mode)
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3.7. X-ray single crystal

Fig 9= Compound 52| X-ray single crystallographyS LIEFHCEH 2= Bt 20|
fluorene #XE JlE FX2Z I JULH LE0 iptycenell HEHCZ B LN

ol=2ig 2 A OI[} =S

MECAXE = =&X2 BRUKER AXS GMBHA}2l SMART APEX CCD

SYSTEMS| HHIE AIE0t0d SHGIR20, 0IE &4ot)| fI8 22422 Scheme 4
A 2= Bt2t20l 2,2-dibromobitriptyceneil dichlorodimethylsilane 122 & Jtot
O HESJUACEH SIS0l 2488 Compound 5= &A20 A HHSE =0 Solvent=S

TolueneE AE5IH ZHFXE AL 2 2 Compound 82| X-ray single
crystallography= Figure 100 LIEFHLHR S04, Table 4-72 22!  Crystal Data and

Bond lengths [A] and angles [°] & LIEFLHRUC

Figure 9. Thermal Ellipsoid Drawing of Chain Structure of compound 5

Compound 5= Al2|ES)HE FALZ EtA-EHA HAZE W 0|5 Z&0l 2FAH0IA
S Ul HE LIt ULHL 1222 Compound 5= MR £E2 &Y =SS
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Table 4. 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 5. 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)-C34) 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)
C(6)-C(26) 1.494(7) C(34)-C(35) 1.3834(7)
C(NH-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)
Cc1-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
C7)-Cas) 1.381(8) C(50)-C(52) 1.242(17)
C(18)-C19) 1.373(7) C(BD-C(B3)#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(H)-CA)  [114.9(3)
C(23)-C(27) 1.519(7) C4D-Si(1)-CA)  [111.7(3)
— 46 —
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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)
C@2)-CA)-sil) 131.5(4) C(8)-C(19)-C(20) [127.1(5)
C6)-CA)-sil) 109.4(4) C(14)-C(19)-C(20) [112.2(5)
CB)-C2)-C) 120.3(5) C(19)-C(20)-C4) [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)
C(B)-C(6)-C(26)  [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)
CO-C(N-Ca4)  [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)
C(11)-CU0)-C9)  [120.0(6) C(23)-C(27)-C(28) [104.9(4)
C0)-Cu1)-C12) [121.0(6) C(34)-C27)-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)-C13)-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-Cu4)-C19) [120.3(5) CED-CE0)-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) CB1-C(32)-C(33) [119.6(5)
C(14)-C15)-C16) [118.3(5) C(32)-C(33)-C(28) [119.7(5)
— 47 —
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Figure 10. Thermal Ellipsoid Drawing of Chain Structure of Compound 8
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Table 6. Crystal Data and Structure Refinement for Compound 8

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

Unit cell dimensions

a = 11.742(2) A°

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<=1<=28

Reflections collected

63465

Independent reflections

17033 [R(int) = 0.1525]

Completeness to theta

26.00°, 100.0 2%

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 [[>2sigma(l)]

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 7. Bond lengths [A] and angles [°] for Compound 8

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(5)-C(10) 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)
— 50 —
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Table 7. 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(B3)-CB4)  11.418(7) C(83)-C(84) 1.377(11)
C(B4)-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)-C60)  11.413(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
C(62)-C(63)  1.384(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
C66)-C67)  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
C(70)-C(71) _ ]1.511(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
C(72)-C(77)  11.366(7) C(304)-C(305) 1.39
C72)-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)
C(14)-C(75)  11.417(9) C(1)-5i(1)-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)
Cr8)-C(79)  11.391(5) C41)-5i(1)-C40) 118.08(18)
C(79)-C(80)  ]1.406(5) C(80)-5i(1)-C(40) 116.81(17)
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Table 7. 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)-C2)-C) 122.1(4) C(19)-C(20)-C1) 120.3(4)
C(2)-C(3)-CUy) 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) 125.04)
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)
C10)-C(B)-C4) 112.6(3) C(38)-C(23)-C(24) 112.2(4)
CB)-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)-C27) 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)-C(14) |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) C(37)-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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O AZ 0 iptyceneO| HAXHCZ AN Us2ds & = UL
st ZH2=Z  2.2-dibromobitriptycenelfl tetrachloro germanium= 1€ & &IIGI0 Bt=
0

Ct. 1,1-dichloro-4,5,8,9-bis(triptycene)germafluorene= 3J|10 0 20o+H

$Q

0] T StAH RIZAMEHLE &2 JIAZ XI&8= MEIZ2 B2 L= AI25
SolventE Toluene2 ALESIH Z2ERXE LU, Figure 112 Table 8, Table 9=

2t2+ Packing Diagram1l Crystal Data and Structure Refinement, 12|l 2AS2t2 ZE
—

21 0l(Bond lengths [A]) and Z &2t (angles [°]) & LIEILHACE. Compound 9= HZE0ts
(Ge)E SH2= EA-EA HAZEW 015 ZE0l 2FA0IE =N Alts HE L=
Jb QL O EZ2 Compound 7= S £E2 &4 3= &2 It UL

Figure 11. Thermal Ellipsoid Drawing of Chain Structure of Compound 9
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Table 8. 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 9. 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) 2.1591(12) C(26)-C27) 1.387(6)
Ge(D-CI(1) 2.1653(12) CEN-C(28) 1.375(7)
CH-C2) 1.393(5) C28)-C(29) 1.390(6)
C()-C(20) 1.413(5) C(29)-C(62) 1.385(6)
C2)-CE) 1.339(5) CE1-C(32) 1.381(6)
C(3)-Ca¥) 1.408(5) C(31)-C(36) 1.405(6)
CB3)-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) C(34)-C(35) 1.389(7)
CH)-C©) 1.377(5) C(35)-C(36) 1.390(6)
C(5)-CQ10) 1.395(5) C(36)-C(37) 1.517(6)
C6)-C(7) 1.334(6) CEN-C(62) 1.523(5)
C(DH-C®) 1.385(6) CEN-C(3B) 1.526(5)
C®)-CO) 1.390(6) C(38)-C(39) 1.389(5)
C(9)-CQ10) 1.330(6) C(39)-C(40) 1.391(5)
C(10)-C{11) 1.527(5) C(100)-Ca01) 1.312(12)
C1)-C{18) 1.518(5) C(101)-C102) 1.39
ca1n-Caz) 1.531(5) C(101)-C106) 1.39
C(12)-C{13) 1.378(6) €(102)-C103) 1.39
C(12)-Ca7) 1.400(5) C(103)-C{104) 1.39
C(13)-C{14) 1.334(6) C(104)-C105) 1.39
C(14)-C{15) 1.392(6) C(105)-C106) 1.39
C(15)-C16) 1.385(7) C(110)-Ca11) 1.336(11)
C16)-Ca7) 1.383(6) Ca11)-Ca12) 1.39
C(18)-C(19) 1.376(5) C(111)-C116) 1.39
C(19)-C(20) 1.392(5) C(112)-C{13) 1.39
C(20)-C(21) 1.498(5) c113)-Ca14) 1.39
C(21)-C(40) 1.394(5) C(114)-C{15) 1.39
C21)-C(22) 1.397(5) C(115)-C{116) 1.39
C(22)-C(23) 1.380(5) C(20)-Caz1) 1.503(8)
C(23)-C(38) 1.401(5) C(21)-Ca22) 1.39
C(23)-C(24) 1.532(5) C(21)-C{126) 1.39
C(24)-C(25) 1.521(5) C(122)-C{23) 1.39
C(24)-C31) 1.527(5) C(23)-Ca24) 1.39
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Table 9. 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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C2# C2,

/

Si
RN

Bond lengths [A] and angles [°]

Si
RN

C3
C4

C2# C2

Cs

C1 C6

e

C2#C2

Cl C¢

Ge
7N\

Silole Silafluorene Bis(triptycene)silafluorene | Bis(triptycene)germafluorene
C()-SiFC(# | 93.11(5) 94.60(10) 91.4Q2) 93.09(15)
C()-CQ) 1.360 1.413 1.403 1.393
CQ)-CQ)# 1.507 1.491 1.494 1.413
C(1)-C(6) 1.393 1.402 1.408
C@)-C3) 1.397 1.403 1.389
C@)-C(5) 1.383 1.403 1.525
CB3)-C4) 1.390 1.367 1.526
C(5)-C(6) 1.391 1.386 1.377

Figure 12. Comparision of Bond lengths [A] and angles [°] in Silole, Silafluorene,
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germafluorene
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3.8. TGA(Thermogravimetric Analysis) & =4

3.8.1. TGA 24212|

EESEHINTCGA) = MEU 2T 2 S JIot AMZ2l EHBSE Al2H0IL
250 g+2ZM =JTEC M=o FHEA2 SEOILE JtAs M4ES MAs5=
StetEtES0ll 2ol ZMELCH S0l TGA &8 Al ME= JtANEIDI0 SI26H0H A
2& purge gas b A (N2, He, Ar)0| Ot B2 A= A (02, ain)2t BHSGHY
OE =9 G3tEofAS 2ol AMAE purge St EolHSS HFot=d 01
& 2 QUL ZEHSE R 2 U= MRS 2o 258z SFHEC T
ctA 23 24 Al B3NN8 JIs0l EUHECE: ZR06I0 & > JAel=z
ANE AlLE 2200 Al D121 XM E20 |2oH0F 6t0, TGA Ol A= MXM22
=35t Egu =& EBHYeZ FEE = ULh TGA =F Al ZHE = U=
buoyancy& & 0| L} drag force Off 2|8t 2H4E blank curve subtraction @2 22
EZM H=2 Z&Est H0IHE 22 = AL, Buoyancy effect = &SI &H Dl
Mol &I ZOotd AMlzgel 20| BIIE 0 20l S40letn &4 QACH

Balance purge
a

B A H(Phood eoes)
1A Rt& O 2 imkrared LED)

STE 2T Mele movement) ——]

SR EEaknce ave)

1 —
&5 HTam pan| |

2 2R Sample platiorm)

23 (TremocoupiE)

HI| 3 H #3Puige e odden —
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Figure 13. TGA®] 7% % ¥ 7}<E Z(furnace)germafluorene
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3.8.2 TGAOIA Mass change| 213}S calculation

O A single-stage mass decomposition

O AIRE Az 22 Hdo AIXD 20 TG SHBSE JIS71209 WA 0ICH
@ zEE Bz 2E LA step EA HESDH JI201242 WXEOI

@ mid-point C= TG =& A =
wWHOICH 2 o deld 2%,

A {solid) —> B {solid) + C {(gas)
A (solid)

Mass Change /mg

Mass ~>

T

T

Temperature —>

Figure 14. Bt QI TGA cHE 24
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3.8.3. TGA(Thermogravimetric Analysis) of Bis(triptycene)silafluorene

120

100

80+

Weight (%)

60 1

404
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2050%
(0.5358mg)

103.09°C

4147%
{1.084mg)
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Temperature (°C) Universal V4.0C TA Instruments

Figure 15. TGA of 1,1-methylhydro-bis(triptycene)silafluorene
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Figure 16. TGA of 1,1-dimethyl-bis(triptycene)silafluorene
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Figure 17. TGA of 1,1-dihydro-bis(triptycene)silafluorene
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Figure 18. TGA of 1,1-diphenyl-bis(triptycene)silafluorene
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3.8.3. TGA(Thermogravimetric Analysis) of Bis(tetriptycene)silafluorene

Tea Thermal Analysis Result
%
100,00 Mty Endset STZEC
E“"""‘-n‘_ Weight Loss -8.935mg
-93.895%
b
|
mm \
il
|
60.00 \
\
1
0.0
100 \
\_ — )
[y 7000 0.0 0.0 50.00
Temp [T]

Figure 19. TGA of 1,1-methylhydro-bis(tetriptycene)silafluorene
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Figure 20. TGA of 1,1-dimethyl-bis(tetriptycene)silafluorene
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Figure 21. TGA of 1,1-dihydro-bis(tetriptycene)silafluorene
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Figure 22. TGA of 1,1-diphenyl-bis(tetriptycene)silafluorene
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4. Conclusion

= AElide ZstE, MI|F el 228 S48 2= MZ2 organicmetallic
compound 9! 4,5,6,8-Bis(triptycene)silafluorene, 4,5,6,8-Bis(triptycene)germafluorene,
4,5,6,8-Bis(tetriptycene)silafluorene® & A5IAUCH  M22  compound= 'H-NMR,
PC-NMR, FT-IR, LC-Mass, X-ray single crystallography@ 3} 22 S& & 22X X
£ E0IoIA 20, UV-Vis absorption and fluorescence spectrag =0t S2& %
& g2Zdds SHOIUL

4,5,6,8-Bis(triptycene)silafluorene, 4,5,6,8-Bis(tetriptycene)silafluorene® = & 224
YASES IHE A2 ML 0, CIASH 0l &He RI| LED2EZ 288 ¢

2O = USA2ZE M2UE N O-LED AK=Z2S HPAE 3 otUCHLES
4,5,6,8-Bis(triptycene)silafluorene,  4,5,6,8-Bis(tetriptycene)silafluorene  X-ray  single
crystallography =& Z 1t cavityS JtKkl= X S2st 22O 212 #olgh = U
UM, 0IE 08Bt M BF S22 Ll LIEZ Y= S =(TNT,
RDX, PETN)S2 ZZ == BAXotell R & Aex M2ADMH, @24 =20
OtYl Polymer &4 & ZR U= chemosensor22 S&0| =0t &2 A2 M2UE

Ct.
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6. Spectrum

6.1. 'H NMR, BC NMR spectroscopy
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Fig JH-NMR spectrum of compound 1
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Fig JH-NMR spectrum of compound 2
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Fig H-NMR spectrum of compound 4
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Fig H-NMR spectrum of

compound 5
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Fig H-NMR spectrum of compound 6
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Fig H-NMR spectrum of compound 7
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Fig ."H-NMR spectrum of compound 10
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Fig JH-NMR spectrum of compound 11
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Fig H-NMR spectrum of compound 12
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Fig ."H-NMR spectrum of compound 13
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Fig H-NMR spectrum of compound 14
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Fig ."H-NMR spectrum of compound 15
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16

Fig H-NMR spectrum of compound
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Fig ."H-NMR spectrum of compound 17
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Fig ."H-NMR spectrum of compound 18
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Fig ."H-NMR spectrum of compound 19
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6.2. FT-IR

Collection @ chosun

_86_



Fig . FT-IR spectrum(KBr) of compound 1
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Fig . FT-IR spectrum(KBr) of compound 3
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Fig . FT-IR spectrum(KBr) of compound 5
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Fig . FT-IR spectrum(KBr) of compound 6
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Fig . FT-IR spectrum(KBr) of compound 7
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Fig . FT-IR spectrum(KBr) of compound 10
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Fig . FT-IR spectrum(KBr) of compound 16
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Fig . FT-IR spectrum(KBr) of compound 18
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Two. Synthesis and Characterization of Bis(triptycene)silafluorene
Derivatives for Explosive Sensor.

1. Introduction
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2. Experimental Section

2.1. Generals
2 &™2 standard vacuum line Schlenk techniqueE AIEJIR2H S22 &4
2 022 Il ZRJI10AM AHSHACH A0 AIESH AlLS, Pentaerythritol,

1-methyl-2,4-dinitrobenzene, Hexamethylenetetramine, Sulfuric acid, Nitric acid,
hydrochloric aicd, S& Aldrich®t FlukaOld T30 A2 SIRICH Elie 022
JbA 22RII10 M sodium/benzophenone @t &HJH 24A12F Ol & & F Al2!
HE ALESotRULCH st SHAl AHE&= Z0H2! THF= Fisher 33|

= o
2
x
an
=
oy
@

gardeE FSIH COE =Xl 80l AMEotAL & AHEHE UV-vis
spectrometer(UV-2401 PC, Shimazu)E O|Z6t0H ZRULH sStE =2 P 242
Bruker AC-300 MHz spectrometer( H NMR, 300.1 MHz 1t “C NMR 2| 75 MHz)S
01235t LAUCE. NMR Z0H chloroform-d= otF S0 CaH,& WEHAIFH &R =2
£ MG 20 DMSO-dE Aldrich AMOIA F20HGHM ALZGHRUCH S AHEHZ2
Perkin-Elmer luminescence spectrometer LS 50BE AI&0t0 ZHOIAULCH HBAHE
g2 =FoH)| Rt PE 84822 &= 10 mg/l L = 10 ppm2ZE UE=N Al
Z0I/ALCtH & ABEZEHEZ UV-vis spectrometer (UV-2401 PC, Shimazu)E 0| &5t
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2.2. Synthesis

2.2.1 Synthesis of Trinitrotoluene (TNT)
250 mL BrSII0l & H, W2DI, dropping funnel2 &XI5tD 2HEI] LHREE Ar(g)
2 XI8tAI2! THE 1-methyl-2,4-dinitrobenzene (9.0 g, 0.0494 mol), H,SO, 66 mLE =
2ot WetE A AISHCE ice-bathE AHE GG 22EE 0Tz dH2 A2
Ct. HNO; 18 mLE & &0t funnellil &

s
010
S

1]
_O'j
K
e
rio I
i
=
a0
o
£l
ol
M
10
>
r
0

2 2t = jce-bathE KIHOLL), heating mantle

o 2COM 3br SO B
U

o B on
Pall
i
e
000
N
=‘_= I
all

U o
H
u
O
S
O

0|0

|0
0
e
=
ol

2t = overnight Bt

o [«)
| ice-water 500 mLE Bt=1), B2

U

H
AlStCh W BHAl white soild JF A= Ch 30min W8t = Filter 1} & =& HAH
A9l MeOH =JF (O41F AI2ICH Filter R0 (1l & &2 BIS2

L T
10
%

ARG vacuum dry AI2ICH B4 S MH2 2 'H NMRIY “C NMRspectroscopy

250 2QI5HACE m.p 80.5 C, 'H NMR (300 MHz, CDCL;) & 8.86 (s, 1H),
2.72 (s, 2H). °C NMR (75 MHz, CDCL3) & 134.16 (s), 122.27 (s), 77.40 (s), 76.97
(s), 76.55 (s), 15.55 (s), -0.19 (s).

CH,

CH;
NO, O,N NO,

HNO;
H,S0,

NO, NO,

C7H6N204 C7H5N3()6
Exact Mass: 182.03 Exact Mass: 227.02
Mol. Wt.: 182.13 Mol. Wt.: 227.13

Scheme 11. Synthesis of Trinitrotoluene (TNT)
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2.2.2 Synthesis of Trimethylentrinitramin (RDX)
250 mL BFSII0l 2% A, W2DI|, dropping funnel2 & XI5t BISI| HERE Ar(g)
2 XIgtAIZ2] TS HNOs; 85 mLE S ot wBtsES &AL ice-waterS AFEG6HN

BISI] e %8 10T 0lotZ2 Y2t AlI2ICh Hexamethylenetetramine 10.0 g &
2ol SL2T 0 A BESII0 X AEHZ &S| £ & WHtES AASHCH &
=Ch

22 2 15T - 18 C 2%0AM 2 30min st It BtES A AIGHH
ice-waterS NIO10t1 water-bath X = BtSJ| £
0o SL250 A 10min 3% wWEHS AAISHC =
10T -20C % 0AM 30min St WS A AIGHH
HOl ice-water 400mLE Fot, BIS=2 &S £ Wit
BHAl white soild Jt 4
°l MeOH ZFJt ({1
vacuum dry AI2ICh SHA S MAZ2 2 'H NMRIH “C NMRspectroscopy= Ol
S0I5121CH mp 204 C, 'H NMR (300 MHz, DMSO) & 6.10 (s, 1H), 3.35 (d, J =
0.9 Hz, 1H), 2.50 (dt, J = 3.6, 1.8 Hz, 1H). "C NMR (75 MHz, DMSO) & 61.21
(s), 39.47 (dt, J = 41.9, 21.0 Hz).

a I

I
i
0L
W
=]
=
=]
)
r

NO,
N {
d 17\] HNO, N
N— =N N N
N OZN/ NN 0,
CeH1,Ny C3HgNgOg
Exact Mass: 140.11 Exact Mass: 222.03
Mol. Wt.: 140.19 Mol. Wt.: 222.12

Scheme 12. Synthesis of Trimethylentrinitramin (RDX)
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2.2.3 Synthesis of Pentaerythritol tetranitrate (PETN)

100mL BFSII0l & A, H2D], dropping funnel2 & XISt BISI| LHREE Ar(g 2
XI2tAI21 CtS Pentaerythritol 10.0 g S &0t ice-waterS AIEoI BtESI| WS
252 0T 2 H2 AI2ICH HNO3 4 mLE F 0N funnellil £ AJID S22
COHA BESII0 &SI £ wWEIE AAISCH £ & SL2T0HA 3rSot F
b WBtsS AAIBHL &5+ 2mLE F ot BHEII0 F&ot) 3hwsQh =Ib Wt
£ AAISHCE Bt 25 = MHE white-solidE Filter (1t AlJ|D) SFTE AIS
ot =Jt MES A&t =2 HMAHE Aol A2 MeOH It 0t AI2ICH
Filter /0l Gt £ 2 BIS22 LN,E AMEGHH vacuum dry AIZICH ST&E M4

£ 2 'H NMRZt “C NMRspectroscopy= 0/ 235t0{ 2QI5tACH mp 142 C, 'H
NMR (300 MHz, DMSO) & 4.76 ? 4.66 (m, 1H), 3.37 (s, 1H), 2.55 ? 2.46 (m, 1H).
“C NMR (75 MHz, DMSO) & 70.29 (s), 41.54 ? 37.45 (m).

OH ONO,
HO O,NO
HNO,
OH ONO,
HO 0,NO
CsH;,04
Exact Mass: 136.07 CsHgN4Oq;
Mol. Wt.: 136.15 Exact Mass: 316.01

Mol. Wt.: 316.14

Scheme 13. Synthesis of Pentaerythritol tetranitrate (PETN)

_99_

Collection @ chosun



2.2.4. Synthesis of 4,5,8,9-bis(triptycene)silafluorene ( Compound 4-7 )
Compound 4 : 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene
Compound 5 : 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene
Compound 6 : 1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene
Compound 7 : 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene

Cy41HygSi
Exact Mass: 548.2
Mol. Wt.: 548.75

°

d CyH3Si
Exact Mass: 562.21
Mol. Wt.: 562.77

C4oHysCISi : Si :
Exact Mass: 568.14 Ph/ \Ph

Mol. Wt.: 569.16

CspH3,Si
Exact Mass: 686.24
Mol. Wt.: 686.91

CoHyeSi
Exact Mass: 534.18
Mol. Wt.: 534.72

a : 2 n-BuLi, Ether, -78C b : CHs;CL,SiH, Ether, -178C
C . C2H6C128i, Ether, 178°C d . C12H10C128i, Ether, -178 oC
e : CI3SiH, Ether, -178C f : LiAlHy, THF, r.t

Scheme 14. Synthesis of 4,5,8,9-bis(triptycene)silafluorene ( Compound 4-7 )
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2.2.5. Synthesis of 4,5,8,9-bis(teriptycene)silafluorene
<Compound 16, 17, 18, 19>
16 : 1,1-methylhydro-4,5,8,9-bis(tetriptycene)silafluorene
17 : 1,1-dimethyl-4,5,8,9-bis(tetriptycene)silafluorene
18 : 1,1-dihydro-4,5,8,9-bis(tetriptycene)silafluorene
19 : 1,1-diphenyl-4,5,8,9-bis(tetriptycene)silafluorene

Si
3
b CyoHSi
Exact Mass: 648.23
a Mol. Wt.: 648.86

50H 248
Exact Mass: 662.24
Mol. Wt.: 662.89

60H 388
Exact Mass: 786.27
Mol. Wt.: 787.03

CygHpCISi >
Exact Mass: 668.17 CacHuSi
Mol. Wt.: 669.28 L
a : 2 n-BuLi, Ether, -78C b : CHs;ClL,SiH, Ether, -178C
C . C2H6C128i, Ether, 178°C d . C12H10C128i, Ether, -178°C
e : CI;SiH, Ether, -178C f : LiAlH,;, THF, r.t

Scheme 15. Synthesis of 4,5,8,9-bis(teriptycene)silafluorene ( Compound 16-19 )
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3.1. Research of Sensor and Photoluminescence materials
2 ZL20 oIt HZIF 8 MHAEOR BIBHG LD A2H 0|12 =Al 2

=== [}
A g = s HAe Jfgol ZLA =D UL Sil =g2ol (HEXQ
(o)

TNT(trinitrotoluene)2| 2tXl= MIT2| Swager AE0WM II-I1 Z&S dEGHA &H=
TXE 2= pentipycene DEA SES2 LM SFSHMMHEN S MHLSIH 2
1 ZACLH OIE HtE2e=Z e & Bis(triptycene)silafluorenee ®I| 74 SIEE2

LH cavity £ E@dot0 2ASE S0l SHI2EM 0IE

tripycene A E S8 Xt
AFEAMOZ XY = U= SEFHQ ZXAAH MAZH M2 ste=0lct

R = 28 S 2=YZ2(IED)Z AMEE&= RDX(cyclo-trimethylenet
rinitramine), PETN(pentaerythritoltetranitrate) JtXI & 2 X0 Jts6t0 012 SL2 &
ANAMAZ M JHE A S0l UL

H a8 e . :
CiHan A4 cavilles M M

1
penliptyoene grovg conjugated polymer bickbong

+* Nonbonding electrostatic interactions between the electron-rich polymer and the
electrondeficient TNT or DNT molecules are critical in the rapid response processes
to these analytes.

+“*Rigid pentiptycene groups, which provide cavities for analyte binding.

J. Am. Chem. Soc., Vol. 120, No. 46, 1998 11865

Figure 23. Properties of iptycene
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w

.2. Detection of Nitro compounds based on Triptycene metallafluorene

Zoto] E82Z= A Ml JHXIJF UAS. nitroaromatics, nitraminesi} nitrate ester )b QU
2. 0l = nitraminest nitrate ester®2] Z42 HI22IAES0 S0 AFE06HY
2 ZEA42Z 1 SJ120l ppt2 R =S, JIEU HEE polysilole2 = SF
= nitroaromatics® 8 2t X|Gt= chemosensorZ nitraminesdt nitrate esterE 2 X|ote
chemosensor®| JHE0| &4&lE.
CH NO, OH
N\~ NO,  HsC Ol s 2 ND5
C—NO, | |
NS .
NO, |
Nitro aromatics NO, TNT 2,4-DNT NO, PA
No2 I‘il02
Sl M
N—NO, - ON—N N—NO5  HMx
ON“ ™0,
N
Nitro amines NO4
NO> rio 5
O o}
O;N—0O 05N —0O
No—no,
CIJ ? Nitroglycerin
Nitrate ester NO> PETN NO»>

Collection @ chosun

Figure 24. Type of Explosive Materials
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3.3. Quenching mechanism of Photoluminescence materials
0l &2l S&OQI Nitro aromatic 222 UE IE(TNT), Nitro armine =22
H 5= (RDX), Nitrate ester =22 HT = (PETN)2 8t 2= =250 =2A
HUAH 22 I SUHM = OI24EHHIAZA Vapor 2 W 2 GtAS M Otele
Fig 260lA 2 = UAXO0l M&E WMo Xt XL U2 CAl O

Lict Olcdst &K £Fst=0] JHALD A= H&I|IA o=l M| s4&ct

Ol Slof 242 =2 LUMO Level 2 &MOIZH E22M A2 A0l 0L

2
x

KEHel Static Quenching 0l 20gE &2 &= JARUCL F FL=E2 LIEZ IS
S 8 Ht B= SigE2A LEHEE O, ERR sEgES0 delZ Lted
TOIAN MRS BHASH0 SLE2 MIDIF 0SSN A2 LI Aol A

= ot &2 Xot= H0ICH = AE2 0ldds ZastHol SasS JHAl

[0 Bis(triptycene)silafluorene b Bis(tetriptycene)silafluorene 2|
S

Conduction -« = Tl‘lpt}’ cene

Band S Q metallafluorene

i
E e LUMO (TNT)

\{?"\m CB—— TNT
- £ hing PL
Vilenee 4’7}""\11\911( ing
- ——+——LUMO
TITTTTTIT »=

JACS 1998_ 120, 5321-5322 T'“‘ —H4—— HOMO

Figure 25. Amplified Quenching Machanism
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3.4. Quenching PL Spectra Stern-Volmer plot of Bis(triptycene)silafluorene
SHSEQ 229 Bis(triptycene)silafluorene2] S EA 2 A&-JAZE 22
AJI(UV-1601, Shimadzu)E AtE0tH =ZotRULL SE=24HE2 &
ANZ(10 mg-C/L)E 3 square quartz celltil &0t 200-700nm SN M2 &

=, Perkin-Elmer luminescence spectrometer LS 50BE AIE3t0| =& oA
Ct. =E22( Compound 4 - 7 ) 3 mLOl 24 =& Q! Explosive Materials ( TNT
RDX, PETN) 10 ppm(10 mg-C/L) solution = Micro sylenge(50uL)ES Ol&0tH
100-600 ppb £ Xtellz HE GIRA2H 0|2HS AHEHSZ LIEtH 240ICH Fig
16-272] &% il Z = Explosive Materials ( TNT, RDX, PETN) 3044 &It StUS
M A2 JHZE UEY A0l 2EF OddZs =50 (2 Stern-Volmer (S-V)
2 LIEtH e OICH UM 20l Explosive Materials ( TNT, RDX, PETN)2)
ST AHESE AZSHE 20| ROEsE AS 2 £ ACHL 2 AI22 KsyM) 8t

2 Table 100 S&06t Hlw =4 otACH
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3.4.1. 1,1-dimethyhydro-4,5,8,9-bis(triptycene)silafluorene

1000 ; 0.25
— Oppb
S — 100ppb
—200ppb
800 \ . 02 R
N 300pph ——y=0.10648x .
A\ R=0.99422
£ 600 0.15 - . -
w —
g =
E S
=3 *
= 400 0.1 .
200 0.05 | > ]
L L L L L 1 0 L L L 1
340 360 380 400 420 440 460 0 0.5 1 1.5 2 2.5
Wavelength (nm) Molarity (1 0'6M)
Figure 26. Dectection of TNT based on
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene
1000 ; ; 0.25
— Oppb .
/\ ——100ppb
—200ppb
800 - 1 0.2 | .
i/ \ 300ppb ——y=10.096778x
/ \ R=0.99312 o
Z 600 0.15 - .
1] - *
= 1
2 =
= e
~ *
= 400 0.1 | .
200 0.05 | ® i
1 1 1 ! 1 1 0 1 1 1 1 1
340 360 380 400 420 440 460 0 0.5 1 1.5 2 2.5 3
‘Wavelength (nm) Molarity (10'6M)

Figure 27. Dectection of RDX based on
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene
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1000 T 0.3

0.25 -
800 —y=0.15094x
R=0.99259 (3
0.2 - .
£ 600 _
= ]
< = 015 .
E €.
é 400 .
0.1 -
200 3
0.05 -
0 | | |
340 360 380 400 420 440 460 (1} 0.5 1 1.5
Wavelength (nm) Molarity (10'6M)

Figure 28. Dectection of PETN based on
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene

- 107 -

Collection @ chosun



3.4.2. 1,1-dimethy-4,5,8,9-bis(triptycene)silafluorene

1000
— Oppb
— 100ppb
800 —200ppb

600

PL Intensity

400

200

a/m-1

340 360 380 400

Wavelength (nm)

420

440 460

0.25

0.2

0.1

0.05

—y =10.10648x -
R=0.99422

0.5 1 1.5

Molarity (10°M)

2.5

Figure 29. Dectection of TNT based on 1,1-dimethy-4,5,8,9-bis(triptycene)silafluorene

1000 :
— Oppb
—— 100ppb
800 |- —200ppb
oy 600 .
g '
2 =
E =
é 400
200
0 1 1 1 1 1 1
340 360 380 400 420 440 460
Wavelength (nm)
Figure

Collection @ chosun

0.25

0.2

0.15

0.1

0.05
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——y=10.096778x
R=0.99312 N

Molarity (10°M)

2.5

30. Dectection of RDX based on 1,1-dimethy-4,5,8,9-bis(triptycene)silafluorene



1000 T 0.3

0.25 - * 4
800 —y=0.15094x
R=0.99259 (3
0.2 - . B
£ 600 _
= ]
[ — *
E Eo 0.15 B
5] 400 .
0.1 - B
200 3
0.05 - B
0 | | |
340 360 380 400 420 440 460 (1} 0.5 1 1.5
Wavelength (nm) Molarity (10'6M)

Figure 31. Dectection of PETN based on 1,1-dimethy-4,5,8,9-bis(triptycene)silafluorene
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3.4.3. 1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene

1000 0.3
— Oppb g
—100ppb
——200ppb 0.25 i
800 | — 300pph ——y = 0.11428x
——400ppb R=0.99701
0.2 4
Z 600
2 n
2 S oIS )y ]
= =
£ 400 .
0.1 4
200
0.05 Y §
L L L L L 0 Il L L
340 360 380 400 420 460 0.5 1 1.5 2.5
Wavelength (nm) Molarity (10'6M)
Figure 32. Dectection of TNT based on 1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene
1000 0.2 -
800 -
0.15 i
——y =0.083132x
R=0.99473
Z 600 - .
£
g 0.1 .
=
*
= 400 |
0.05 . 4
200 -
0 L L L L L 0 | | | 1
340 360 380 400 420 460 0.5 1 1.5 25 3
‘Wavelength (nm) Molarity (10'6M)
Figure 33. Dectection of RDX based on 1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene

Collection @ chosun
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1000 : 0.25

-
800 0.2 + B
—y=0.13128x
R=0.99501
o
Z 600 . 0.15 N
z Py .
= =
I Mc
é 400 0.1 + . B
200 0.05 .
0L I I I I I I 0 I I I
340 360 380 400 420 440 460 [1} 0.5 1 1.5
Wavelength (nm) Molarity (10'6M)

Figure 34. Dectection of PETN based on 1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene
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3.4.4. 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene

1000

800

| 0.25
— Oppb
/\ ——100ppb
—200ppb |
i \ ——300ppb 0.2
- 0.15
S)
="
0.1
0.05
I I I I I I 0
340 360 380 400 420 440 460
Wavelength (nm)

—y=0.084754x
R=0.99553

0 0.5 1

|
1.5

Molarity (10°M)

2.5

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

Z 600

g

2

=

2 400
200
0

Figure
1000
800

Z 600

g

2

=

2 400
200
0

Figure

Collection @

0.2

0.1

a/m-1

0.05

340 360 380 420 440

400

Wavelength (nm)

460

——y =0.074405x
R=0.99748

Molarity (10°M)

2.5

36. Dectection of RDX based on 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene

chosun
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1000 T 0.2

-
800 -
0.15 + B
y = 0.10409x
R=0.99814
£ 600 -
p .
E gc 0.1 - B
g 400 - =
o
0.05 + B
200 - .
0 1 1 1 1 1 1 B 0 L 1 1
340 360 380 400 420 440 460 (1} 0.5 1 1.5 2
Wavelength (nm) Molarity (10'6M)

Figure 37. Dectection of PETN based on 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene

TNT(K(M) RDX(KM™) PETN(K(M-)
bistriptoconeiiafuonone 100,000 97,000 150,000
Il)’ii(-g‘iilll)lf;lclg;:;’s?l’:f’]Qu-orene 99,000 80,000 160,000
bisriptyeeneslafluorene 114,000 80,000 130,000
bisriptyceneysiafluorene 85,000 74,000 100,000

Table 10. Total Comparison of Stern-Volmer Constants K(M") of Compound (4-7)
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3.5. Quenching PL Spectra Stern-Volmer plot of Bis(tetriptycene)silafluorene
ZHSE QI 229 Bis(tetriptycene)silafluorenel] S =42 XA IAIZSE B2 E
AJI(UV-1601, Shimadzu)E AtE0H =FoIRULH SF=E2AHAES HIZE A=29 24
AN Z(10 mg-C/L)E 3 square quartz celltil &0t 200-700nm SN M2 &

=, Perkin-Elmer luminescence spectrometer LS 50BE AIE3t0 =& oA
Ct. SE22( Compound 4 - 7 ) 3 mLOl 24 =& Q! Explosive Materials ( TNT,
RDX, PETN) 10 ppm(10 mg-C/L) solution Micro sylenge(50uL)E Ol &6t
100-600 ppb & X2 HE GIY2H 0lHS AHEHCZ LIEIH 210|Ch Fig
28-392| 2% T)eiZ = Explosive Materials ( TNT, RDX, PETN) 3044 &I} SIUS
M A2 JHZE LEY A0l 2EF OddiZs =50 (2 Stern-Volmer (S-V)
2 LIEtH e OICH UM 20l Explosive Materials ( TNT, RDX, PETN)Z2)
STl FHESE AZSHE 0| ROEsE AS 2 £ ACH 2 AI22 KsyM) 8t

= Table 1101 S&ot Hluw =4 otACH

=2

=
=2
=

I
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3.5.1. 1,1-dimethyhydro-4,5,8,9-bis(tetriptycene)silafluorene

PL Intensity

PL Intensity

1000
0.25 ¥y=01101x
800 - R:=10.9907
0.2 -
o ~ 015
=)
= @
6. 0.1
0.05
200 -
0 ‘ ; : .
0 0.5 1 L5 25
0l : - - Molarity (10-6M)
350 400 450 500
Wavelen gth (nm)
Figure 38. Dectection of TNT based on
1,1-methylhydro-4,5,8,9-bis(tetriptycene)silafluorene
1000 . .
— Opph
i — 1obppb 0.25
Il —— 200pph ¥=0.0853x
—— 300pph 0.2 - R*=0.9916
—— 400pphb
600 - = 0.15
=)
= 01
400 |
| 0.05
00 | 0 : : : :
! 0 0.5 1 15 25
Molarity (10-5M)
0 1 ————

400 450

Wavelength (nm)

Figure 39. Dectection of RDX based on

1,1-methylhydro-4,5,8,9-bis(tetriptycene)silafluorene
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R*=0.9914
T
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Figure 40. Dectection of PETN based on

1,1-methylhydro-4,5,8,9-bis(tetriptycene)silafluorene
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3.5.2. 1,1-dimethy-4,5,8,9-bis(tetriptycene)silafluorene

1000

800

600 -

PL Intensity
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— 100ppb
200ppb
—300ppb
——400ppb

Figure 41.

Dectection of TNT based

Wavelength (nm)

1000

600 -

400 -
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Figure 42.

Wavelength (nm)
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02 -
0.18 -
0.16 -
0.14 -
- 012 -
g 0l -
= 0.08 -
0.06 -
0.04 -
0.02

Molarity (10-5M)

on 1,1-dimethyl-4,5,8,9-bis(tetriptycene)silafluorene

¥=0.0802x *
R=0.9858
T T T T 1
0 0.5 1 15 2 2.5

Molarity (10-5M)

Dectection of RDX based on 1,1-dimethyl-4,5,8,9-bis(tetriptycene)silafluorene

Collection @ chosun

- 17 -



1000
0.35
800 L y=0.1463x
0.3 4 R:=0.9798
0.25 -
£ 600f *
= w02
2 e
= =015
= 400 |
0.1
0.05
200 |
0 .
0 0.5 1 15 2
0 ; " Molarity (10-5M)

[#]]
[¥]]
=

- 1 1
300 350 400 450 500
Wavelength (nm)

Figure 43. Dectection of PETN based on 1,1-dimethyl-4,5,8,9-bis(tetriptycene)silafluorene
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3.5.3. 1,1-dihydro-4,5,8,9-bis(tetriptycene)silafluorene

1000 T T T T
el ¥=0.1081x *
R2=0.9907
B 600
3
s >
£ 400
200 +
1] 0.5 1 1.5 2 25
0 Molarity (10-5M)
300

Wavelength (nm)

Figure 44. Dectection of TNT based on 1,1-dihydro-4,5,8,9-bis(tetriptycene)silafluorene

1000 . . ; .
800 | 0.25
y=0.74352x
02 - R2=10.9916
B L i
2 = 0.15 -
: —
2 g
= = 01
£ 400 | 1
0.05 - .
200 | 4 0 | | : : .
0 0.5 1 15 2 2.5
Molarity (10-5M)
L . . —

0 e
300 350 400 450 500 550

Wavelength (nm)

Figure 45. Dectection of RDX based on 1,1-dihydro-4,5,8,9-bis(tetriptycene)silafluorene
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Figure 46. Dectection of PETN based on 1,1-dihydro-4,5,8,9-bis(tetriptycene)silafluorene
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3.5.4. 1,1-diphenyl-4,5,8,9-bis(tetriptycene)silafluorene

1000

PL Intensity

400 |
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Figure 47. Dectection of TNT based
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Figure 48. Dectection of RDX based on 1,1-diphenyl-4,5,8,9-bis(tetriptycene)silafluorene
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Figure 49. Dectection of PETN based on 1,1-diphenyl-4,5,8,9-bis(tetriptycene)silafluorene

TNT K(M-') | RDXK(M-') |PETN K(M)

1,1I-methylhydro-4,5.8,9- 110,000 85,000 132,000
bis(tetriptycene)silafluorene

1,1-dimethyl4,5,8,9- 118,000 78,300 136,000
bis(tetriptycene)silafluorene

1,1-dihydro-4,5,8,9-
bis(tetriptycene)silafluorene

1,1-diphenyl-4,5,8,9-
bis(tetriptycene)silafluorene

108,000 73,500 125,000

97,300 72,000 124,000

Table 11. Total Comparison of Stern-Volmer Constants K(M’l) of Compound (16-19)
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b

Conclusion
ARUANE 2

=02t 20| Bis(triptycene)silafluorene 2t Bis(tetriptycene)silafluorene
gtdote0 8430t/ 2MH 10 2F FAEAE Xoray single crystallography S6t0

e Mo ri

g = UACE  Bis(triptycene)silafluorenedt  Bis(tetriptycene)silafluorene X E &
A W cavity @S &€ = UM SEHCQ 2N At AAZEIJA2H Explosive

sensor0fl AFE ZIOHE MZ=2 ote=20Ict & = MI 0 2 H70M gd ZHod

i

iptycene silafluorene RS XN =& triptycene 1t tetriptycene A2 2IoH cavity IS,
n-n H& BXIIsS IKe 2X2 M2 T HRICH
al2|& L% & Al(dimethyl-bis(triptycene)silafluorene)= TNT2t 22
T = e zHSE S22 OX dH0AM JHE = A= SHE Z
E0l0 =SS £ UASH, Cavity 2 Il & 1.6 nm 010 & X0t

AN SEHZ0H XN Z2 2 UUCL Bis(triptycene)silafluorene Bt
J

4

Bis(tetriptycene)silafluorene S & &

A=t E22Hs 2=+ UAULCL
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6. Spectrum

6.1. 'H NMR, BC NMR spectroscopy

- 126 -

Collection @ chosun



Fig ."H-NMR spectrum of Trinitrotoluene (TNT)

Fig .”C-NMR spectrum of Trinitrotoluene (TNT)
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Fig J/H-NMR spectrum of Trimethylentrinitramin (RDX)

Fig ."C-NMR spectrum of Trimethylentrinitramin (RDX)
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Fig JH-NMR spectrum of Pentaerythritol tetranitrate (PETN)

Fig .”C-NMR spectrum of Pentaerythritol tetranitrate (PETN)
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Three. Optical Charaterization of Bis(triptycene)silafluorene as White
Light Emitting Organic EL materials.
1. Introduction

ael@s S22 ot 12 HEsl BAAE SS8 MU RS XL
UHN A LS MXUE A REtdi== H XN S(electron transporting
layer, ETL)t M= & 28tol=== 8 S &Y S(hole transporting layer, HTL)1t &
N 2& Z(light-emitting layer, LEL)2 2 XN &6t O-LEDS&E= 20HE Z0It 22
Of 20%0H AULCH Olefst =Est 4252 Sol 2T JDINA dNNAEHE
(electron transporting materials)Lt = Z& & XH 2 (hole transpoting materials),!"! £Z {2

4 TSP,

(light-emitting materials), & 3}8I&, MSsX MAA N W RESCLPY 6HXI2H
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£ Ge)2 &2I20ILF HE0ts2 ZE&o6te 52 12l S22 LUMO (lowest
unoccupied molecular orbital)Jt & 2|Z0ILt HZ20tsS Sot0 BB T UJ|
20 e =S58 I S48 XD A2 HEXIIIINA IR =86t
H ASED CASHO0 JIsdM &84 28t 222 £= KRI-ELOM M2z
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2. Experimental Section

2.1. Generals
&2 &A™ 2 standard vacuum line Schlenk techniqueE AIEJIAH S22 &4
2 0t22 Il ZRJI10AM AHSHACH A0 AIESH AlLS, Pentaerythritol,

1-methyl-2,4-dinitrobenzene, Hexamethylenetetramine, Sulfuric acid, Nitric acid,
hydrochloric aicd, S& Aldrich®t FlukaOlld F 30 A2 SIRICH Elie 022
JbA 2RII10 M sodium/benzophenone @t &HJH 24A12F Ol & & F Al2!
HE ALESotRULCH st SHAl AHE&= Z0H2! THF= Fisher 33|

= o
2
x
an
=
oy
@

gardeE FSIH COE =Xl 80l AMEotAL & AHEHE UV-vis
spectrometer(UV-2401 PC, Shimazu)E O|Z6t0H ZRULH sStE =2 P 242
Bruker AC-300 MHz spectrometer( H NMR, 300.1 MHz 1t “C NMR 2| 75 MHz)S
01235t LAUCE. NMR Z0H chloroform-d= otF S0 CaH,& WEHAIFH &R =2
£ MG 20 DMSO-dE Aldrich AMOIA F20HGHM ALZGHRUCH S AHEHZ2
Perkin-Elmer luminescence spectrometer LS 50BE AI&0t0 ZHOIAULCH HBAHE
g2 =FoH)| Rt PE 84822 &= 10 mg/l L = 10 ppm2ZE UE=N Al
Z0I/ALCtH & ABEZEHEZ UV-vis spectrometer (UV-2401 PC, Shimazu)E 0| &5t
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2.2. Synthesis

2.2.1. Synthesis of 4,5,8,9-bis(triptycene)silafluorene ( Compound 4-7 )
Compound 4 : 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene
Compound 5 : 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene
Compound 6 : 1,1-dihydro-4,5,8,9-bis(triptycene)silafluorene
Compound 7 : 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene

. ST
e T O Si O
Mol. Wt.: 664.43 b e H

Cy1HysSi
Exact Mass: 548.2
Mol. Wt.: 548.75

c

Me Me

d CyHj3Si
Exact Mass 562.21
Mol. Wt.: 562.77

CyoHysCISi O Si Q
Exact Mass: 568.14 Ph Ph

Mol. Wt.: 569.16

CsH3,Si
ExaclMass 686.24
Mol. Wt.: 686.91

CyoH,6Si
Exact Mass: 534.18
Mol. Wt.: 534.72

a : 2 n-BuLi, Ether, -78C b : CHs;CL,SiH, Ether, -178C
C . C2H6C128i, Ether, 178°C d . C12H10C128i, Ether, -178 oC
e : CI3SiH, Ether, -178C f : LiAlH4, THF, r.t

Scheme 16. Synthesis of 4,5,8,9-bis(triptycene)silafluorene ( Compound 4-7 )
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2.2.2. Synthesis of 4,5,8,9-bis(teriptycene)silafluorene ( Compound 16-19 )
<Compound 16, 17, 18, 19>

16 : 1,1-methylhydro-4,5,8,9-bis(tetriptycene)silafluorene

17 : 1,1-dimethyl-4,5,8,9-bis(tetriptycene)silafluorene

18 : 1,1-dihydro-4,5,8,9-bis(tetriptycene)silafluorene

19 : 1,1-diphenyl-4,5,8,9-bis(tetriptycene)silafluorene

W, { )

CI
C.
Ex:

act Mass: 668.1
Mol. Wt.: 669.28

a : 2 n-BuLi, Ether, -78C b : CHs;CL,SiH, Ether, -178C
¢ : CoHeCLSi, Ether, 178C d : Ci2HioCLSi, Ether, -178C
e : CI3SiH, Ether, -178C f : LiAlHs, THF, r.t

Scheme 17. Synthesis of 4,5,8,9-bis(triptycene)silafluorene

- 133 -

Collection @ chosun



2.2.3. Synthesis of silafluorene ( Compound 20-21 )
<Compound 20,21>

20 : 1,1-methylhydro-1-silafluorene

21 : 1,1-dimethyl-1-silafluorene

Br
n-BuLi n-BuLi
THF,-78°C THE-78C

Br Br Br
Li Li
CeHyBr; CIZHSBrZ
Exact Mass: 233.87 Exact Mass: 309.9
Mol. Wt.: 235.9 Mol. Wt.: 312

Si

IS

a Me H
Exact Mass: 196.07
Mol. Wt.: 196.32
Li Li
\
Si
Me~ “Me

CgHy4Si
Exact Mass: 210.09
Mol. Wt.: 210.35

a : CoHeSiCly, Ether, -178C
b : CH3CIQSiH, Ether, -178°C

Scheme 18. Synthesis of 4,5,8,9-bis(triptycene)silafluorene ( Compound 20-21 )
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2.2.3.1 Preparation of 1,1-methylhydro-1-silafluorene 20
2,2-dibromobiphenyl (5 g, 0.016 mo)2 2= JtA GLOIA dried diethyl ether (120
mL)0 A WEHSHH 2Mol =0 & OUs B2 &JIE Dry ice bathE 0/&6tH -78
T 8 2FE YF = & &2IXE 0/250 n-BuLi (20 mL, 0.032 mol)S

_7;5_
= Dry ice bath & HIHGHLD &

I

MASI EOt GtRULCH BtES 3AI2H E& 1Bt &t

2 2EE ST U LZMol ZHO| EC 0l & A420AM 44128 EE O
wWeAAFTLD NS M EAE 0I85H0 -197 COHIA 302 & 2XGHH €A
ZCt. 2 Ch23dichloromethylsilane (1.65 mL, 0.016mol)S &ItStCH &EIF = &= 0]
2 MK 2E 22 FHA wbt S A2 FH2 M L2t gHoz H

|04, otoraiol HMZO0l MI|H EC SIREE &2

E 2 ot SZEAIA HH & = methanol (50 mL)E &

NI&ESt % hexane (100 mL)Z2 33| A% FII MNFE SHCH 20

MA2E2 22 GH0IM 2AX AI2ICH 'H NMR2H "C NMR spectroscopy

%CH 'H- NMR (300 MHz, CDCLs) d 7.82 (d, 2H), 7.61 (d, 2H),

744 (13H), 7.24 (1, 3H), 0.44 (s, 3H), °C NMR (75 MHz, CDCL3) d 147.77, 138.90,
131.86, 130.15, 127.65, 120.79, 1.02.

=

ol

0z
Pl
o
a
10
r o
2

oo
9'j

ro

S
ol
N
"

o me
0 H
_O'j

2 iz
o

e o
_O'j

;

a

=)

2.2.3.2. Preparation of 1,1-dimethyl-1-silafluorene 21

1,1-dimethyl-1-silafluorene2| & ZHS 2.2.12.01
SR dichlorodimethylsilane (2 mL, 0.016 mol)= & =
A2 223.1.00 Jl=g L) =2otH, 4= MY =0l 1,1-dimethylsilafluorene 2
'H-.NMR I} "C-NMR spectroscopy2 O|235t0d =I5t CH 'H- NMR (300 MHz,
CDCL3) d 7.82 (d, 2H), 7.61 (d, 2H), 7.44 (t3H), 7.24 (t, 3H), 044 (s, 3H), "

NMR (75 MHz, CDCL3) d 147.77, 138.90, 131.86, 130.15, 127.65, 120.79, 1.02.

J S
b ot d8= F=ote &
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Fig 50. '"H-NMR spectrum of compound 20
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Fig 51."C-NMR spectrum of compound 20
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Fig 52. '"H-NMR spectrum of compound 21
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Fig 54. FT-IR spectrum(KBr) of compound 20
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Fig 55. FT-IR spectrum(KBr) of compound 21
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3. Results and Discussion

3.1. OLED (RJ|&J|Z3LZAXH |l

Conduction Band (LUMO)

HTL

@ EIL : Electron Injection Layer
@ ETL : Electron Transport Layer Valence Band (HOMO)

@ EML.:Emission Layer LUMO : Lowest Unoccupied Molecular Orbital

® HTL : Hole Transport Layer HOMO : Highest Occupied Molecular Orbital
@ HIL : Hole Injection Layer

Electron
LUMOetL | injection
El4 5 Ol
t A
12 v
a Metal
ITO E
HOMOg
HOMOgy |HOMOs
Hole
Injection Electroluminescence

Figure 56. O-LED Z2& Mechanism.
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3.2. OLED Device Materials

[ Anode ] [ Cathode ] [ HTL(HIL) ] [ ETL(EIL) ] [ EML: Doping ]
@ High Woork Func @ Low Work Func @ HOMO level @ LUMO level ®AIQ......
@ ITO,Zn0, SnO @ Mg:Ag @ CuPc @ AIQ; @ Quilnacridone
@ TCP(PANLPEDOT) ®Li:Al @ m-MTDATA @ Behg: @ Coumarin
@ Sulface Treat ®Ca.... @PTCDA ®PBD @Ir(ppy):
- Plasma (0,, NHa) @ Thin Insulator @TPD @®0XD @Pt(OEP)
- Solution (Aquaregla) -LiF, MgOx...... @NPD @TAZ @E mitting Assistant
@ Thin Insulator @ High WF Oxide @PANL PEDOT @®MEHPPV @Rare Earth Complex
-AlOx, SiOx -RuOx (4.9 V), @PPV
@ High WF Oxide -MoOx (5.4 V) @Dendrimer....
-RuOx (4.9 eV),
- MoOx (5.4 eV)

Figure 57. OLED Device Materials

O-LEDE S &= A0 SHIt 100-200nmE £2] RJ| 250 &40 Us
TEAE LUoIH RIIS0 MIIE ZASM L= WOD o0 2RI MI| L& A%
= SILICH g20lete X2 22X JIM AEH (ground state)dl U

$= %J1 ELOl2tL) =2
B MXOF 222 XISl Itul 2o Il &HEH (excited state)Z Ol Xl &0
2021 = Al JIN HEHZ SEEBEM HUHXE 22 &2

QAR XK= & (& &€& . photoluminescence), 2+&f & Ol

U DNEE CSPIE=g )

(energy transition)S
tH=ot= & &f0ICH
sSEEE 2

=2o
electrolumunescence)2| S EHZ =2 = Ch.

T

chemiluminescence), & J|& QI
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I &I gZAaXesE 0 5 &) HUHXIE 0lE&8 2d0ICH OLEDs= X0 & A
£ IS M S=30AM= &Xelectron)It, LS0MAE EZ(hole)0l =& =0 =II
= SUlA MHZeots d2E Sot0 2&&tt RII2 Sllhs 300 2 dgZ
= UAEE 38 FESHIL) E 8 =ESETLD)=S 4ot dNE sttt &
Aret 8301 €ZSEML)OIA L HEES Sotd 6IINE EdotiH 0010t
N &fEiZ MOlotEHAM 2 &t
Fluorescence Phosphorescence
Singlet T T,
4 | S; excited i b tiplet 4 _LSI I
. 1 excited
v i state I
1 FLUORESCENCE () W
PHOSPHORESCENCE
| S, ground state So |
(singlet)
. Triplet exciton
Singlet exciton
o Symmetry conserved @ triplet to ground state
Transitionis not permitted
Fast process~107S slow process~18
Figure 58. Emission Mechanism
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3.3. Organic Light-emitting Diodes based on sillafluorene and Bis(triptycene)silafluorene

HOMO LUMO

Figure 59. 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

Figure 49= 4&& =2 MO HMBUZRH L triptycene metallafluorene 2
HOMOS2I LUMOS| Z2XHE&4+E LIEIH OEO0ICE MO HAMEHEES Density

Functional Theory(DFT)2t Gaussian 98 IZZ)#Z O0|Z5tU 20 basis  setS
B3LYP/6-31G(d)E O|Z3dtCt. 1,1-methylhydro triptycene silafluorenell &< HOMO
£ -5.3931 eV 0l LUMOE -1.027 eVEZ band gap energy= 4.3661 eVE 2 U1,
1,1-dimethyl triptycene silafluorene® ZS= HOMO= -5.3363 eV 0l LUMO=
-0.9522 eVZ band gap energy= 4.3841 eVE ALt L& LUMO XNAZE+E

B8 A28 Sote n-dX0F B E0 USS € = ULL
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() )

HOMO LUMO

HOMO

Figure 60. 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

Figure 502 & 4E SEES2 MO HMZBLZLREH LS metallafluorene2 HOMO 2}
LUMOS| =XHE&+E LEIYH ZE0ICh MO HAYHE Density Functional

Theory(DFT)2t Gaussian 98 T2 &S O|Z3tA 20 basis setS

(===

B3LYP/6-31G(d)E

£ HOMO= -5.58671 ¢V 0|12 LUMO

= -1.0157 eVZE band gap energy= 4.5710 eVE U1, 1,1-dimethyl-1-silafluorene2l
d 2= HOMOE -5.7988 ¢V 0|12

0l &3tACE 1,1-methylhydro-1-silafluorene2| &

LUMO= -0.9540 eVZ band gap energy= 4.8448

eVE ERUCH L£& LUMO EXNHECE+E 28 &22S Sot n-d X0t BIE M
gt B0 UASS € = UL

- 144 -

Collection @ chosun



3.3.1. Structure of OLED

/—Deposition material and Thickness- \

e Cathode : metal electrode with low work funtion

> Al (130 nm) - To reduce driving voltage
T LiF (2 nm) - To improve brightness-current density
= Alg; (7 nmy Characteristics

Emissive material | o ETL : Electron Injection Layer
i TED (S0 nm) e ETL : Electron Transport Layer

g+ CuPC (10 nm) e EML : Emission Layer
ﬁ: AL 0m) o HTL : Hole Transport Layer
Substrate Glass substrate e HIL : Hole Injection Layer
e Anode: ITO

- To transport visible light

_' o Substrate : Glass, Silicon, etc
Light

Figure 61. 7| EL(electroluminescence) 2~ Xt2| multi-layer ©HH &

SO 22 AXte S 20t /ot HEE AXte L3 (anode) 2 2= Rl
= ITOE AME5tA 1), S=3(cathode)2 2= L 20I=(A)S ALESH
( Hole Injection Layer: HIL)2Z= CuPC : Copper(Il)
phthalocyanine, &&%3&3 (Hole Transfer Layer: HTL)22Z&= TPD, NMXAFAUS
(Electron Injection Layer: EIL)2 2= LiF, 8 Xt==&3 (Electron Treansfer Layer: ETL)
O=2E= Alg:E U2 AIESHRULCH E£st Z2 S (Emitting Materials Layer: EML)2 &
A& 4,5,8,9-bis(triptycene)metallafluorene Bt metallafluoreneES  AtE St A Lt
2Rl PE= Fig 492 2 0] ITO / CuPC (10nm) / TPD (50nm) / Emissive materials
/ Alg3 (7nm) / LiF (2nm) / Al (100nm)Z M& ZIACE.
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3.3.2. PL and EL spectra

g2 PL & EXI2 I PY(excitation slit)2 S8 X2 =&
Keithley 2382 O|Z3t0{ 2% N30 M2 QIIIot MI|JF SdtH 20|
= A= =HSIYLH PLY 22 Perkin ElmerAl2] LSS50BE 0|E6I{CH, &

5
Jiote OHal s QIHE I Use €= =3E AH0ICh

Fig 52= 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene (A)1t 1,1-methylhydro

2
=
==

153
0z
Ol

—_

e

-4,5,8,9-bis(triptycene)silafluorene (B) 2| PL AEE I EL ABEHZS ULEIH &

OICt Fig 520ld == UXO0l & S22 PL AHEHS
ZEMOA ofLtel 22 MEUE 2

N GtLES] 2 AlIEH IHEHE 2 RCH

=l

2t2F 4170m2H 420nm2)

& =2
UL, EL AHEZH HAl 22f 410nm 2 41301

14

Qg

0§

04

Normalized Intensity (arb. units)

] Normalized Intensity (arb. units)

Werdlength ()

Figure 62. 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)3}t 1,1-methylhydro-1-silafluorene (B) 2| PL AEEE
I EL AHEHAZS Fig 530 LIEFLHRUCE Fig 530M 2 UX0l & S22 PL &

2
HEPSS 242 4140 4150me] EESMOIAN SHLtol 2B IEHE YD, EL
ABER] SAl 2t2t 406nm 2 409nmOil Al CHLISl PAIE IHEHE 2 AC

o=

1.0B

10

-n— : PL=4156mm
-s— (B.=48mm

2
8

-8B FL=414Frm
-6 E.=406m

2
8

4
£

=3
A
Normalized Intensity (arb. units)

Normalized Intensity (arb. units)

Wadlegth ) Wandength ()

Figure 63. PL and EL spectra of 1,1-methylhydro-1-silafluorene (A) and

1,1-methylhydro-1-silafluorene (B) materials.
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.V E4 S&2 Keithley 2362 000 M2 S QIIIGIH MFE H=6H [
SHY ZHE2 LAUCE F ST (luminescence)= [-VEH FHI SAIH =35

.V E4 XA 2Mdl= LS MinoltaAl2] chroma meter CS-100AS
A X

SOl CHotOd LIEFLHRACH 222l steEcl 2z 3%

&2 155 V QI [ Fig 54(A)Jt 235mA/em® 01D ZICH &4J|& 3800cd/m’
. J2l1 Fig 54B)= 215mA/cm’ 20 Z 0 4J1= 3900cd/m’2 =& E QAL

=3
HOZ 22 4 UUCH Fig S40A AR HR UEQ
S

= |

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

Current density (mAfcm?)

Voltage (V)

Figure 64. 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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Fig 5501 XSl

2 E HII= 1

M2 L Mol 2 cl) 0l ot LIEHLHACH 2
210 329 XM MR UTE= MYS 15 V QIIE M Fig 55(A)t 38mA/em’ Ol

95cd/m> FCH 2|1 Fig 55(B)2 42mA/m’A M E 0 )=

ey =
245¢cd/m 2 SEEIRULH
0 A 0 B P
P 25
¥ =
< 75 < oo
30 & k|
= o B S 75
: s i
g 2 hos = B X 150
Z g B
E o —— 1 Current Dasity E T o —+— : Cinvent Desssity los
g —a— : Laminance o0 = g —8— ¢ Luwinance
= i = " hoo
= 15 -
= s 5 g
; 3 g i
= 19 B0 = 1
8] 4] 0
5 b5 5 b
B w85 5 5 & 8 B 5 $—i-u & B B W
P T B R (R B B R LT T T - B T
Valtage (V) Valtage (V)
Figure 65. Applied voltage versus luminance and current density plot of

1,1-methylhydro-1-silafluorene (A) and 1,1-methylhydro-1-silafluorene (B) materials.
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3.4. Relative PL Quantum Yield Spectrometer

100 200 300 400 500 600

0.1 ‘ ‘ ‘ ‘ 1000 60000 -
y=993458x 73
50000 4 R*=0.9962
0.08 | - 800
2 40000 -
< 0.06 1600 =
3 o
H 2 30000
x* o
£ E
s 0.04 {400 ZF °
=
2 20000 -
0.02 4200
10000 -
: 0 0 .
400 500 600 700 0 001 002 003 004 005 006

Wavelength (nm)

Figure 66. UV-Vis absorption and fluorescence spectra of 2-Aminopyridine

Fig 562 2-Aminopyridinel] S ABEYCOZ 305nmllA = S IIES A=
Ct. 305nm0il (D] &S LA otUS ER Amax = 378nmUlA otLIS| & HH
EZ 82 R29 g2 &8 ZeEE LEY A0 JI=

gl

821 JI=J1 &tS —ot0 Otefel A0 CHotE &
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Ol248r Quantum YieldE =&olJ| ?hAE JlE==E2 2

OlA 0I0 €™ e JI==&22 ZE LIEHWHAUCH

HE0| SR06tH Table 12

Compound Solvent Literature Emission Reference
Quantum yield | range /nm
Cresyl violet Methanol 0.54 600-650 J. Phys. Chem., 1979, 83, 696
Rhodanune 101 Ethanol + 0.01% HCI 1.00 600-650 J. Phys. Chen., 1980, 84, 1871
Quinine sulfate 0.1M HaS504 0.54 400-600 J.- Phys. Chem., 1961, 65, 229
Fluorescein 0.1M NaOH 0.79 500-600 T Am. Chem. Soc., 1945, 1099
Norharmane 0.1M HoSO4 0.58 400-550 J. Lamin., 1992, 51, 269-74
Harmane 0.1M H.50, 0.83 400-550 T Liomin., 1992, 51, 269-74
Harmine 0.1M H:S04 0.45 400-550 T Lawin., 1992, 51, 269-74
2-methylharmane 0.1M H-S04 0.45 400-550 J. Lawin., 1992, 51, 269-74
Chlorophyll A Ether 0.32 600-750 Trans. Faraday Soc., 1957, 53, 646-55
Zinc phthalocyanine | 1% pyridine in toluene 0.30 660-750 J. Chenr. Phys., 1971, 55, 4131
Benzene Cyclohexane 0.05 270-300 . Phys. Chem., 1968, 72, 325
Tryptophan Water, pH 7.2, 25C 0.14 300-380 J. Phys. Chem., 1970, 74, 4480
2-Aminopvridine 0.1M H-SO, 0.60 315-480 J. Phys. Chem., 1968, 72, 2680
Anthracene Ethanol 027 360-480 J. Phys. Chem., 1961, 65, 229
%1 daghen| Cyclohexane 0.90 400-500 | J. Phys. Chem., 1983, 87,83
anthracene

Table 12. A Table of Standard Materials and Their Literature Quantum Yield Values
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Figure 67. UV-Vis absorption and fluorescence spectra of Compound 4
AN CHYSHH 22 Compoud 42| SXEE 22 21.7% OICH
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Figure 68. UV-Vis absorption and fluorescence spectra of Compound 5
A0 CHROIH €& Compoud 52| EXNUSE a2 19.3% OICH
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Figure 69. UV-Vis absorption and fluorescence spectra of Compound 6
AU CHYSHH 22 Compoud 62| SAEE 22 22.6% OILCH
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Figure 70. UV-Vis absorption and fluorescence spectra of Compound 7
AN CHYSHH 22 Compoud 62| SXEE 22 17.4% OICH
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Figure 71. UV-Vis absorption and fluorescence spectra of Compound 8

A0 CHROHH €& Compoud 62| NS E a2 20.8% OICH
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3.5. Absolute PL. Quantum Yield Spectrometer

Photoluminescence Number of photons emitted as photoluminescence from sample
Measurement of reference i Aeld =
q y Number of photens absorbed by sample

(only for quartz cells)
Excited light
i (reference)
Measurement of smaple = JE?gg%dpL’gm
( quartz cells containing solution) E / Luminescence light
- — A E Fd 7 (sample)
- ~ 300 400 500 600 700
Calculation of Wavelength [nm]
Photolumi: ence q tum yield A Excitation light on reference and sample and
\ J phatoluminescence spectrum measurement example

Figure 72. Absolute PL Quantum Yield S &H| 2t S& 22|
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SHE &l 4,58,9-Bis(Triptycene)silafluorene Bt  4,5,8,9-Bis(Tetriptycene)silafluorene 2

gt &l
i LE=ss =EHGHI| <ol Fig 60.0l 206Xl HAMAMATSU PHOTONICS
KK.AFSl C11347-012 J|HE AIZ25IFOOH, HHC HL 02 Toluene2 A0l
O 10ppm2 2 =JSt OIS 1ppmlE BHGIN g2 22 == UUCH SHHEIE
Sot 210 WEA DMt XA Quantum YieldE =& St0, 11 Z = Table
1301 Zelotod LIEFLH RUCH.
Triptycene siafluorene Absolute( Si::;:;;m Yield Absolute g:zg)rum Yield
Me-H 22.7% 22.9%
Me-Me 21.8% 22.1%
HH 22.4% 23.5%
Ph-Ph 21.3% 22.6%
Tetriptycene siafluorene Absolute( Si::;:;;m Yield Absolute g:zg)rum Yield
Me-H 22.5% 23.8%
Me-Me 22.8% 23.1%
HH 23.4% 24.7%
Ph-Ph 21.3% 23.6%

Table 13. Absolute Quantum Yield of 4,5,8,9-Bis(Triptycene)silafluorene and
4,5,8,9-Bis(Tetriptycene)silafluorene
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4. Conclusion

HA =8t LZME LIEHHALD, EL spectra= 410nm2t 413nmUl A SHLES! 22
E UEHHQACE. 2O Al DI=(Luminance) 4000 (cd/m’)S 4000 & L.

1,1-methylhydro-1-silafluorene®  1,1-methylhydro-1-silafluorene2 PL spectra= 22t
414nm, 4150l S8 22 IJAUE LIEHHJ} LD, EL spectra= 406nm2t 409nm|
N GHLESl RIS LHEHHQUCH 2O AID|=(Luminance)= 4000cd/m’ 2 SHEU
Ct. &t S & bis(triptycene)silafluorenel] REXN =2 LdhAeE8 SH Z 0 20%0[4

oz £ Z2UE LHEUACH

]
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