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ABSTRACT

Synthesis of Iptycene Silafluorene Copolymers for Fluorescene
Amplication and Development of VOCs Sensor Based on

Anisotropic Porous Silicon Derivatives

By Lee, Bo-Yeon
Advisor : Prof. Sohn, Honglae, Ph.D,
Department of Chemistry,

Graduate School of Chosun University

In Chapter 1. Iptycene silafluorene copolymer were synthesized from the
reaction of dichlorosilafluorene and ethynylmagnessiumbromide coulpling. These
copolymers were characterized by '"M- and “C-NMR spectroscopy.
Photoluminescence of these copolymers were measured by fluorescence
spectrometer. Quantum efficiencies of these polymers from the quantum yield of
corresponding  silafluorene  monomer unit were investigated. Detection of
nitramines, nitroaromatics, and nitrate esters were investigated by using these
copolymers through the quenching of photoluminescence.

In Chapter 2. Adsorption and desorption characteristics of gradient
Bragg-structured porous silicon (PSi) were investigated under the exposure of
organic vapors. Gradient DBR PSi whose average pore size decreased as the
lateral distance (x) from the Pt electrode increased was generated by using an
asymmetric etching configuration. The reflection resonances were measured as a

function of lateral distance from a point closest to the plate Pt electrode to a

_Xl_



position on the silicon surface. Two types of gradient DBR PSi (H-, and
HO-terminated gradient DBR PSi) were used in this study. The detection of
volatile organic compounds (VOCs) using the gradient DBR PSi had been
acheved. When the vapor of VOCs condensed in the nanopores, the gradient
DBR PSi modified with hydrophobic and hydrophilic functionality exhibited
different pore adsorption and desorption characteristics. Detailed experimental

results will be discussed.
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Chapter One.
Synthesis of Iptycene
Silafluorene Copolymers for

Fluorescence Amplication



Bo-Yeon Lee — M.S Thesis Chapter One

Chosun_University, Department of Chemistry
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2. Experimental

2.1. Generals

I

Alsl2 standard vacuum line Schlenk techniqueS AlE2sti oo stgtEel &
Ad

o

rlo

of2&  TJIH  EfI7[0AM  MEstAct. Aol ARE A[RE,
1,4-dibromobenzene, n-BuLi, anthracene, iron bromide, bromine, germaniumdioxide,
dichloromethylsilane &2 Aldrich2t Flukadl M T&lst0o{ ALE sl en o= of=2
= JIA E7|olM sodium/benzophenone2t &M 24A[7ZF oAb &R AlZI T B
o] THF2t diethyl ether, hexane, toluene &2 AFEsSIACt & &8 Al AFSE&=
ol THF= Fisher &3/ AtlM HPLC gardeE F¢lsto] CIE X 2| 80| Al
gsl¥ct g2 AHEY 2 UV-vis spectrometer(UV-2401 PC, Shimazu)S 0|-&3}0d
AACt FT-IR 2" EH2 diffuse reflectance (Spectra-Tech diffuse reflectance
attachment)2t&l £ 0[&3+09 Nicolet model 57002 ol &3stoi &% stAct g2l
Tx= 242 Bruker AC-300 MHz spectrometer('H NMR, 300.1 MHz = “C NMR ¢
75 MHz)2 o|&3t0i €At NMR &0 chloroform-d= stF &2 CaH:E 1 HIA|
H FEE HMHSIH AISSHHCE NMR T =Ze st&™ o/s2 part per milion (6
ppm S 2 Lo XA =l H@HEAHEZHES Perkin-Elmer luminescence spectrometer
LS 50BE AbEstod EFStUCH FHAHEZHES ZHSH|

T 1 mgl L =1 ppm2Z2 %UF0 A2

spectrometer (UV-2401 PC, Shimazu)2 0| &35t0d && stiCt.
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2.2. All analysis material preparation

2.2.1. Fabrication of DNT Solution 10 ppm

THF= FisherAtel HPLC garde 99% A& stiend, ctE =Xzl 0] DNT 10
mg= THF 100 mLoll =01 100 ppme 2 M= 3sidch M == 100 ppm sE2 &
M= 10 mL F[Stod CtAl THF 100 mLoll & 7tstod 10 ppm SsEE  FHA ALE
t

=

ol
2

2.2.2. Fabrication of Picric Acid Solution 10 ppm

Aldridh =% 100% Picric Acid ¢/dl A2fe| =0 &Xfstod 2 AlgAl Schlenk-line
Oofl M Sucktion BFEE HMHM =&Y =8t BELE A2 Fo 2.10M 7/&8H g

1 ZLSEA 10ppmel Solutione M =35k Cl.

2.2.3. Fabrication of TNT Solution 10 ppm

TNTE ;‘—T‘?HEI-% 'T'.;I'EI il‘g}:% ':,_I'—/_'T—E{ﬁ-O“A-I A'- o-lj'—E I:II-II E%I-_T[_ OEIHI_I. CL?%'OHA‘I
2000 Hz=g 4= U7[ofl 2 Aol Xl A5t AL St

BHE Wk Zxlof MXE Z2tA 30 =5 DNT 3g, HSOs 22ml, HNO; 6mIE 2+Zf
E35t0{ Hot Plateg 0[&3t04 90°C ®&Ist chE 3h 7t stch. O ch3of <F
24°C ME §X[3t04 Overnight(12 h ol4) &tch ol A BHE o sEES 7T
50miE H2AIZI 7)o BHe Chg Ze7[E 0[&35t01 Filtering 8H03 L UL SHX|
Of& A=2ke| DNTZF &Afst7[oll methanololl &3sHAIZI Cr3ol HE& Eas
I AlZI ckZoll Schlenk-line2 0[-&3t04 Sucktion ZFE & A T TNT ¢t
D& geiHaich O3 ohF TLC 2 NMRE2 B 5224 &5 TNTE
FEct A E TNT 10 mg2 FisherAtel HPLC garde 99%<2l THF 100mL ofl
0{AM 100 ppm =2 HF F i3 CHAl 10 mLE AMEIX[E ol sl F & =

THF 100 mLoll &7+t 10 ppm S £2 25 FTUCh

AT
N
(A
ol

or
kl

AT

o
ol

Ko do
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2.3. Synthesis
2.3.1. Synthesis of 1,2,4,5-tetrabromobenzene
1,4-dibromobenzene (200 g, 0.84 mol)2 otE2=7tA 3StollA dried chloroform (600

mLoll A wmBtsted 2E3] =0 & = HE &7|£ ol bath& 0[&3td 2 E

2

r

50-60 CTZF =™ 2&2Fe] bromine2 dropping funnel& 0I&3F0{ 3-4A[ZF =°f &

5| It otod FCf bromineo| Cf ItEH B2EE 70-75 THHX| 22l ChE 124

O[2f reflux AMAELCEH BISEE T 2EE M22=2 YF F CfE 20% NaSos &

2 (2000 mLIE2 S MHASICH Mg ZM2 we ol o[de=z =ofof
0

S22 2tR =22 D[A
L

Al

F

r

=
- ¥ separate funnel@ O|&3st0] 6{HEZ & E2lsto] RV H2 soldE & stod

2tMs| ZHAlZICH I F Toluene (500 mL)E Zhsti heating mantle2 AREsH ZF
H5lo] 28MS] =0 Hol U= =22 MgSOE F7KsH M7 sict, ofxjatez e
2 AEfollM ZE s A20dA A Als|H =Mool Hi=HEl PN HAHA=ES
e £ Qch BAME 1245-tetrabromobenzene2 'H NMR2F "C  NMR

spectroscopy2 0| &8t Eelstedct 'H NMR (300 MHz, CDCLs) & 7.86 (s, 2H),
SC NMR (75 MHz, CDCLs) & 137.28, 124.40

2.3.2. Synthesis of 2,3-dibromotriptycene

1,2,4,5-tetrabromobenzene (20 g, 0.051 mol) 2F anthracene (20 g, 0.112 mol)=2 2

LEZ2tAa30] It & chF o2& JtA stoll A dried toluene (1800 mL)E & 7tst0d

DHIA[Z[HA  etMet =0i&=CH ME0lM FAZIE 0/&310 n-Buli (319 mL

0.051 mol) #F[3t01 dropping funnel off &1 FMAS| HO{EHFC} HISE

2 H2 FYSH MolM MM gzMoz Het =oh O F 12 AlZE
= f=

=

~
"3
=

o

B
L

N
ol 12
[o

r

F

r

LI ST
[nng

i
o
o

El

Kl

=
Al7{ ZCf HS B8 Ao 2 giica gel2 AFSsSH ZHH

=

ol=ch o

n

2
i

a1
o=z HOE FHUMH FI/Z20H(oluene)E MAHstH €2 LzHM TTH
Of &l gt o Msl 2t acetone(d00 mL)2 EItstod J1E st ChS
HZE A[ZAAM HEE SHA| 22 anthracene= H[743t01 ECE anthraceneOl 2 SH|

MAHE o 71X odzf H 25503 =l =olU= anthracene2 ZEZ XM HE &=
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SlatA WX E ZASHAM S AlF|H Skl MAMEES 2 £ Urch SA=
2.3-dibromotriptycene2 'H NMR2F C NMRspectroscopyS 0| 235+0 &rolstgict.

'H NMR (300 MHz, CDCLs) § 7.62 (s, 2H), 7.38 (dd, J= 53, 32, 4H), 7.02 (dd, J=
54, 32, 4H), 536 (s, 2H), "C NMR (75 MHz, CDCLs) & 14654, 144.32, 128.84,
125.82, 124.04, 120.77, 53.16.

2.3.3. Synthesis of 2,2-dibromobitriptycene
2,3-dibromotriptycene (20 g, 0.049 mol) ot2= 7tA Stoll M dried tetrahydro furan

(400 mL)ollAM Bt tM5] =0 & chg 88 &7]E Dry ice bathE 0 &35t0

ol

B T YN YAHE 4 stolAM SLUAIHA HAH B F methanol250 mL)&E7tstd
OfA[7{ M I8 F CHAl 471 anthracene= M 2sh ¥2 2 MMHE2 2
£ Qlch M= 2 2-dibromobitriptycene 2 'H NMR2F C NMRspectroscopyE 0|-&
stod &felstich 'H NMR (300 MHz, CDCLs) 6§ 7.62 (s, 4H), 7.44-7.32 (m, 8H),
7.06-696 (m, 8H), 536 (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.

2.3.4. Synthesis of 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene
2,2-dibromobitriptycene (5 g, 0.008 mol)g = 7t StAlM dried diethyl ether
(120 mU)oll A mdtstod 2tM3] Z0f & CtE U8 &7[E Acetone bathE 0[&35H04
-98 T 2 &1 MEIXE 0[&3t0f n-BuLi 9.4 mL, 0.016 mo)2 F & s| HItst
Ct. HFSAIZH2 n-Buli H7t= 4A1ZF H & gk A[ZAELCE B8 ZE<F acetone bath

2 2EE SHECH A20AM 2A1ZF HE O Wb AMAHAFT B

[} (=3

0 w

A2 WA HE 0[ESI0d -197 CT2E0A 302 HE Aelch olmf 2Fef 7|
o

7 FEX 2EE Ar2 =HWAM IA 3 AlZICh dichloromethylsilane (1.65 mL,
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0.016mollS AIRIX|ol F5t0{ B wof HIbStT LT b2 oM 20| E 0f 7t
X 2EE 2B FUHAM DUSICH oA BUS A ¥ Mo Wy 4

ey MHES ZHe stollA ZSLAIF MAHECH CHAl ether (50 mL)E &Itsta o

& o S 2A[74 Z=C} hexane (100 mLZE 33 HE FI71 ME
StCh o7 ¥e ot MMES Zhet slolM HE AlZich MAE2 'H NMRZ
C NMRspectroscopyS 0|3t &elstdct. 'H- NMR (300 MHz, CDCL3) & 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, 14571, 145.41, 14528, 144.05, 136.20, 127.64, 125.36,
125.29, 123.74, 123.67, 116.41, 54.67, 53.97.

2.3.5. Synthesis of 1,1-dichloro-4,5,8,9-bis(triptycene)silafluorene
22-dibromobitriptycene (5 g, 0.0075 molE of=22 IJiASHlA  dried
tetrahydrofuran (60 mL)oll A ImEtSI 2FMS| =0f = CfS
bathE 0[&%3t0{ -98 TE B 5 XFH & T AHEX[E 0/8310{ 16 M n
269.4 mL, 0.015 mol)& #[stod MAS| HII stUCt BHE2 3AIZE HE Wk &
< acetone bathE 7
Ct. Ol dianion 8WE 222 28 F= 3¢ CtE schlenkE FH[stX dried
tetrahydrofuran (40 mL)oll tetrachlorosilane 13%2F (112 mL, 0.084 mol)2 & 7}5}0]
wHistet, BhE &7]& acetone bath& O[&35t0{ 98 T2 ®EE YFH F Fdrop
funneldl dianion2 cannulationatod reverse additon@ 2 st0{ ™ F S| drop wiseEHCF.
MAS[ 4AZF HE drop wisestd dropOl ELFM acetone bath& XM Aot st& o
T ARoAM WU AFHAFHAM gxECt HEE = E=olRU+= tetrachlorosilane(SiCl) &
et™s| st SHAIZII =T =¢ butylbromideE  MAH3St7| s dried
hexane2 #H7tstod mutsta MME saltE Ji2igtsl = 152 hexane& W et
cannulationstod B{ZICE of I E A & HE HESiCt of ¥ 2iM3| ZierstollA

SYAIZ| D dried diethylether& & 7ist0d WEISIL CHA| saltE 712Fets] etherd 2
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Ct2 Z2fA 30l cannulationsto] ZHAIZICE O] R E M HAEE HrE3Stoh 2
E] A Z|H ZHAH 9| MMEES A= == Lk, M =

1,1-dichloro-4,5,8,9-bis(triptycene)silafluorene 2 &7| &0l oS CIZs5to{ Az
'H NMR2t ®C NMRspectroscopyS O0|83t0 &elsteich.  'H NMR (300 MHz,
CDCLs) & 7.62 (s, 4H), 7.44-7.32 (m, 8H), 7.06-6.96 (m, 8H), 5.36 (d, J= 26.1, 4H),
®C NMR (75 MHz, CDCLs) 6 146.45, 144.56, 138.39, 128.61, 126.62, 125.36, 123.72,
119.34, 54.72, 53.96.

2.3.6. Synthesis of spiro-4,5,8,9-bis(triptycene)silafluorene

2,2-dibromobitriptycene (5 g, 0.008 mol)g = 7t StAlM dried diethyl ether
(120 mL)oll M 1 Hbstod 283 =0 & ChE H& &7|5 acetone bathE 0[-&35H04
-78 C 2 258 ¥F & = AelX[E 0/&3st0{ n-BuLi (9.4 mL, 0.016 mohE =l
stoi MA3] HIb St HISES 3AIZE WX Hh 5t = acetone bathE X3t

do| Ec of & A2OA 4AIZF HE

oo DX M
2
_>‘._
=
Ral
o
inl
ok
=3
0x
12
2
]
IS
s}
oh
2
>
0l
=3
>
B
M
a
oo o
o
o)
o
o
[
D
>
D
fjo

ol

7t 501 recrystallization AlZAZ=Ch EA = MA =2 BC- NMR spectroscopyS Ol
tod &elstict 'H-NMR (300 MHz, CDCL3) & 7.85 (s, 4H), 7.41-7.33 (d, 16H),
7.32-723 (dd, 8H), 6.98-6.94 (m, 8H), 7.21 (s, 4H), 5451 (s, 4H), 517 (s, 4H) Bc
NMR (756MHz, CDCLs) & 147.73, 145.08, 144.89, 137.84, 129.61, 129.01, 128.20,
125.13, 123.57, 116.35, 54.65, 53.60.

2.3.7. Synthesis of p—ditetradecyloxybenzene
KoCOs (33.18 g, 0.240 mol), p—hydroguinone (8.20 g, 0.074 mollE Ar ZIASHo A

acetone (600 mL)OIAM wHisH =o[H(o[f K.COs= &M S| =X LF) =249
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ZHZ wch o] ol ArstollA Bromotetradecane (176.05 mL, 0.164 mol)& & #
5| EH7lstol mutstM AL AFMOoZ dHipd REE =01 refluxs Al7IH 2
OS2 WML reflux == SeF AL MZo] =FYH Lt 2 HEM - XS ZA
=02 Hotod 3YFof refluxE AlZl F filterst™ powderd el o ZIsh ZtMel =&
2 ¥ & Uct o/ A E =22 BtS st= St A E Pottassium bomide

g o

i

MASEZ| 25k tolueneoll =04 CIA| filterstH =T
WS evaperators Al25 2005 MAHSIME &KX HEfO| productE: €2 = U
St =l MM EZ2 'H-NMR spectroscopyS 0| 235t01 &relsteict 'H-NMR (300

MHz, CDCL3) & 6.82 (s, 4H), 1.26 (s, 58H)

Fopzl s A ==

—

0

a
ol

2.3.8. Synthesis of 1,4-bis(tetradecyloxy)-2,5-diiodobenzene

p—ditetradecyloxybenzene (21.80 g, 0.043 mol), I> (13.20 g, 0.043 mol), KIOs (3.71
g, 0.017 mol)2 of=E 3stollAl acetic acid (600 mL), H.SO4 (6 mL), FT 60 mL)
E d10 WHA[F[H Mzto| E2fMoflA ZTIEh Wyt o= St

8IS A refluxg shAl =™ HA EFEo| =11 Zet E2fMel Aoz ML 6

St refluxdt = CIAl 1 h S¢t ice bathg 0|23t 0 CE 25 M5 <4
7

o
work up2 ot |F7/&2 fiterstd MHAES 2 F Uch o] MMHEE etherE H

o=l BIME O MAZES

= Ho SoE=

\d
ol
)
_o't
1
0
Fn
=
pal
_o't
2
5
_o't
=
rlo
1=
1o
I Kl
Rl
il

'H-NMR spectroscopyS 0| 835+04 &1+ Cf. -NMR (300 MHz, CDCL3) 6 7.17
(s, 2H), 1.26 (s, 2H), 7.41-7.33 (m, 8H), 7.12-6.90 (m, 8H), 5.42 (d, J= 9.6, 4H), 4.88
(g, J= 37, 2H) 13C NMR (75 MHz, CDCL3) 6 147.99, 146.55, 145.14, 144.99, 144.38,
135.54, 132.93, 132.76, 129.93, 128.48, 127.95, 125.15, 123.58, 116.63, 54.67, 53.89

_10_



Bo-Yeon Lee — M.S Thesis Chapter One

Chosun_University, Department of Chemistry

3. Results and Discussion
3.1. Research of Sensor and Photoluminescence materials
Pentiptycene &A= iptycene2 72 Z=HC=E Zes BEAIZAM 2 Zd MEH 1

= Aol U0l Bol olEx<= =tgfE & stfoloh I offF= =fefMdAMol U

30| M E22ES HXoted U0 O3 HEIF o fFstotd EAE
7| mjZ2olct Pentiptycene T EAl tEE22 ME TEXZEAM ZZ2HE 2T E JHK|
I g DEX B EMEEE0] MY T Us caviyE HASI0{ FHEHMA
2 851 oo o Lot 22 & 82 7K1 U7 mEo AFES LS
Me AAHZR AMEsSte SASHMME O|EE paraquat, 2 TNTLF 22 EAMZ0 Cf
i ol =28 HAEE 7KK Uctd HIE df ot =28 Hefjeol EXIE0|
I MEf2 =Ee= HOA HEH2 FAlste™ S AEfolMel X7 &7
excimer A2 ZHAFI= MF A4SAES AT LRIt JL, THekst HAH 2
UYe He EAE MM HU2ERH HAEAF= ol ZrfMolct I 2oE 0

T

74
7tX| iptycene2 ©fFote T2 LEAE Mot I &M ENHEZ 0[Zst
o SEE0tof &8st Uct. ol & dtgte= A E iptycene metallafluorene 2
7ltA SIEtE 2 triptycene TEE S8 2XF U cavity @42 & = AN =FE

ol UXIx A2t MZt=lod M 22 stetE0l2t g %= Ut Metallafluorene(4,5,8,9-

2 o
\J

A

0

[0

5]

0 Hu
o
ro
er
A,
T
Il
=
Job
u
\d
Ral
kI
)
[0
g

- ok M EME 7 o ZF™ X7 7| (optolectronics)oll A o
FE&5HH A= ciAZE ol Z|adM A 2YtM(electron transporting) =2 2

L= F7(-ELolM HMXjurzty 222 F3oich MM gz AxX el metallafluorene
= £

&2 YotEs 1l eich V[E HEHY 7
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3.2. Synthesis of Triptycene Silafluorene

1,2,4 5-tetrabromobenzeneE g4 st7| 2501 1.4-dibromobenzened Brg & 7fst

rr

[0

2HH (Bromination reaction)2 AFE 3t

Mo @

R% AcCt.

<Compound 1>

1 1,2,4,5-tetrabromobenzene

Br
Brz Br:@:Br
CHClL, Br Br
Br
C6H4Bl'2 C6H2Bl‘4
Exact Mass: 233.87 E’ﬁctl 1\\4;ts§=339%9-769
Mol. Wt.: 235.9 ol. . .

Scheme 1. Synthesis of Compound 1.

o, 3tef HhE84{2 Scheme 10l LIEHA

ct M El 1,24 5-tetrabrmobenzene| melting point= 178-180 C 20, &

An
1]

(D

ol A TAE 1,245 tetrabromobenzene(TBB)2 Scheme 201 LIERH HERE ZHO|

Anthracene 12F2F2 n-BuLi 1E2&F2 ALE3St0{ 2,3-dibromotriptycenee

_12_
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<Compound 2>

1 2,3—-dibromotriptycene

Br Br n-BuLi O
- O o
Br Br
Br

Toluene

C,0H,Br,
Exact Mass: 409.93 (2)
Mol. Wt.: 412.12

Scheme 2. Synthesis of Compound 2.

A= Compound 22 melting point = 190-192 C ¥ eof =582 50%A|ct &
A= 2.3-dibromotriptycenedll n-BuLi 12Y2F2 AtEsto] A HrE4] Scheme 30
o Zd X3 Compound 3(2,2-dibromobitriptycene) = gh4d SFCF.

<Compound 3>

1 2,2-dibromobitriptycene

2
O&O l:r n-Tl?;:lFLi rB QO

CyoH,4Br,
Exact Mass: 662.02 (3
Mol. Wt.: 664.43

Scheme 3. Synthesis of Compound 3.

A= 22-dibromobitriptycenel melting point = 220-225 T <2of,

50-60%= LIEtwtCE A= 2 2-dibromobitriptycene2  0[ &3l  sialnes

an
1]
rlo

o
u
o
o
1

_13_
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1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene =S &4 st CF.

<Compound 4>

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

LiLi Q

Cy2H30Si
Exact Mass: 562.21
Mol. Wt.: 562.77

a : 2 n-BuLi, Ether, -98 T
b : CH:CLSiH, Ether, =197 T

Scheme 4. Synthesis of Compound 4.

oot

=& &l 1, 1-dimethyl-4,5,8,9-bis(triptycene)silafluorene&l melting point & 220-225 C
ol F5E2 50-60%=2 LIEtRLCE.

38

_14_
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<Compound 5>

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

C4oH,,CL,Si ®)
Exact Mass: 602.1
Mol. Wt.: 603.61
a : 2 n-BuLi, Ether, -78 T
b : SiCls, Ether, -198 T
Scheme 5. Synthesis of Compound 5.
A= 1,1-dichloro-4,5,8,9-bis(triptycene)silafluorene= =71 ol o =FHysH04

o
melting pointe &£d5HA| 235t X NMR DataZ%F 222 &oelstaict,

_15_
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<Compound 6>

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

Ether,-198 T

O S
S

CgoHygSi 6)
Exact Mass: 1036.35
Mol. Wt.: 1037.32

Scheme 6. Synthesis of Compound 6.

2,2-dibromobenzeneol n-BuLiE 2= ®H7Istil 2EE -78 ColM 6A[ZF SoF HF
S AlZl CIE CHA] -198 CE2 de] =cof 302 F 1.5Y%2| silicon tetrachloride &

& 7Fst™ 1,1-dichloro—4,5,8,9-bis(triptycene)silafluorene
spiro-4,5,8,9-bis(triptycene)silafluorene (compound 7)0| &r& =},
1,1-dichloro-4,5,8,9-bis(triptycene)silafluorene2 =70l tff =otd st E&o|7| M&

oll spiro—4,5,8,9-bis(triptycene)silafluoreneS £ H-50| I Z O|F0{E

= [

=

_16_
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<Compound 7,8>
7 : p-ditetradecyloxybenzene

8: 1,4-diiodo-2,5-bis(tetradecyloxy)benzene

Br{CH2>—CH3 .
13

H3C1-§H2d- OO O-(CH}ECH3

a . KoCOs, p-Hydroginone
b : Acetone, reflux 3days

¢ * Acetic acid, HoSO4, H0
d : reflux 6 h

mq—}(mc}o@o{cn,};cm

C34Hg0,
Exact Mass: 502.47 ©6)
Mol. Wt.: 502.85

c I OC,4Hy
d C14Hy0 I
C34Hgol,0,

Exact Mass: 754.27 (7)
Mol. Wt.: 754.65

Scheme 7. Synthesis of Compound 7,8.

A= p-ditetradecyloxybenzene®t 1,4-diiodo-2,5-bis(tetradecyloxy)benzene2 Zt:tS

NMR=Z &fel & == Adch

_17_



Bo-Yeon Lee — M.S Thesis Chapter One

Chosun_University, Department of Chemistry

3.3. Quenching mechanism of Photoluminescence materials

2 dgoME o &=7(71(UV-Lamp, Luminescece Spectroscope-55)= 0(&
tof Ao Afgsr & wrakd EZ9Ql triptycene metallafluorenell FofLt watMd 2
folstill olHer =& E2 280-320 nme| UV-vis ¥Heo| uzEg wyAS o
Valence Band 7t Conduct Band 2 & {O[sIHAM &S ste 7[2 de2lE 0ol&
oto{ AE otct of AEel =&l Nitro aromatic 222 Hf = =( DNT, TNT,

sistE S0l £BUMNOA B2 B7| BoM F o2

ol

ol

Picric Acid) ol &t MAL E=&
AEfO A Zd Vapor 2 M ™2

of X7} €K7} /= CHA| ®o{x[E= Z{o| ofLia}t ole{st MAF EEstE0| IHX

_O'L
O
ﬂJ|0
B
°
&
o)
Ll
«Q
(&)
2
x
i
+
30
0
°
2

3.4. UV-vis and PL spectra

Figure 18| mztMoz ZAlst AdEZ} AHEGOR

A
T ===

rr
ok

ok

= 3
T IEHEZ 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorened| #= {2 &elg 5+
Cf, w7t oz FAISH A ERLE 311 nme| 07] ZZE2 AL SIAUS R Aax =

381 nmoll A stutel wWd w & LB S Efelstint

_18_
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05 — T : : 1000

TV-VIS abs : 311nm
PL Intensity : 381nm

500

600

400

Absorbance(A.U)
LAsuug g

200

300 350 400 450 S00

Wavelength({nn)

Figure1.UV-visandPL spectra of compound 4

3.5. Detection of Nitro compounds based on Triptycene Silafluorene
1997 MIT B SwagerIE2 0[°f 22 -1 HE2 s88SHA] = 7=

Zt= pentiptycene L E2XAF FtetE2 Mooy S22 SIHAIZ TNT °f &2

i

I

=
A StgfE2 MY DEAEAM Z2EEtE XA e DA Zo 24 =

Koo
rr
[Ny
o
w1
o
ru|t|
ml:l
u
>
o
2

=M EX0| 2 stHA ZX[st= 20| swager 1T
=XAte] 2 ZHEo|Ct. Triptycene metallafluorene I E0| ZIX[D U= cavitydll Nitro
compounds =XFE0| At2| Zerg oto{ EBHX|StA E Cf Triptycene metallafluorene

of AMIIt FB RASS 1Y To| BAS0| SMTEZo| Hehz WolA BH

ey

ojCt, EESF ZHSIIF EHA triptycene metallafluorene 2| cavity 7F & A E Lt cavity
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7t Y =H O 220 TNT s FYUE EXIF 074 =t cavity 8 27[&=
2k 16 nm Ol TNTS| A7[= 2f 06 ~ 0.7 nm O|[EE2 FEJ| cavity 2t 2 TNT
S0{Z & UCh o2} ZO| triptycene metallafluorene2 FExLUEHNMZAM SEO0|

Sot Hoz MztsofFlo

Hs
NO, 0, 0Oz ON NO,
/©\ "
OoN NO, NO, NO, NO,

2,4-DNT TNT

1,3,5-TNB 1,3-DNB
NG
H3C\ e N02
5\102 r N\
OzN_IK Jr NO,
/ NvN\ '|\j
NO,
PA RDX Tetryl or nitramine Hix

Figure 2. Chemical structural of explosive

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

3.5.1.

2MEZ2Z DNT 10 ppm solution € Micro sylenge(50uM)E& 0[-&3F04 100-800 ppb
£ A =2 MY sten LiEfct AZlEZHo| ZIlEo|Ct Fig 39 2% =&
DNT 30 “% &I} stHE m Triptycene metallafluorenell 44 Jel=E LIEFH A
ol 2% =+ sFo wWE Stern-Volmer (S-V)&2 LtERAH TJefx= ofct, 1
ZlolM EXo| DNTel sZ7t T &H+5 adste 20| Bote AE & + Ut
shE KsvMT) 242 1.1 x 10° o] Lfgtch
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1000 T T T T T 0.3
Oppb
— 100ppb
L 200pph | 0.25 *
HO0 — 300pphb
——400ppb ¥v=0.106x

0.2 Ri=0.983

g A
= = 015
= =
|
2 400 |
0.1 -
n L
200 0.05 -
0 L L L L L L 0 & . 7 3 . ;
340 360 380 400 420 MO 460 0 0.5 1 15 5 33 3

Wavelength (mm) Molarity (10753 )

Figure3. Quenching PL Spectra Stern—Volmer plot of
1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene for DNT

3.5.2. Dectection of PA based on 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene
2MEZ2 PA 10 ppm solution € Micro sylenge(30uM)& 0235101 100-800 ppb

= 1

2 My stien] LBt A EZHO] ARS0|nt Fig 49 2% Jzs

=
=

N

X
PA 30 w4 F7I ste ml Triptycene metallafluorene2l 42 Jei =5 LIERA
o1 2E#H Jej=Z& 5o wZ Stern-Volmer (S-V)E2 LiERAH Tef= o[ct O

— - O

o

rok

oM EX0l PASl sx7t Zsi{&Hs+=E ~dstes 40| BErls A8 & = Uk

H Ksv(M) Z+2 16 x 10°0| Lftch,
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1000

PL Intensity

Wavelength (mm)

Figure4.Quenching PL Spectra Stern—Volmer plot of
1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene for PA

340 360 380 400 420

15
Molarity (10-5M)

[
u

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

2MEZ2 TNT 10 ppm solution
£ AHZE MY oien LIEf:t

=

TNT 30 “& HIL 5F32 W Triptycene metallafluorene2l & Jef =& LIERH Zd
(S-V)2 LiEpd Tefj= o|ch D&

ol REZE Jf=Z&
oM EX0| TNTE &

h;
< L
I:
o

of k2 Stern-Volmer
4= Agsls

=7 AsA
o KsvM™) 242 99 x 10%]| Lt

pohe He ¥

£ Micro sylenge(30uM)& 0l&3F0d 100-800 ppb
A®"H ol ZILFolct Fig 5 2% OflZs

T UC

-

rok
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PL Intensity

1000

— Oppb

— 100pphb
200pp
— 300ppb

Iy -1

360 380 400 420 40 460

Wavelength (mm)

0.3 -

0.25

0.2 -

0.15 -

0.1 -

0.05 -

¥y=0.0087x
R:=10.9994

[
in

15 2
Molarity (10-5M)

tn
o

Figure.5. Quenching PL Spectra Stern—-Volmer plot of

1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene for TNT
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4. Conclusion

2 A= #EgH, [Ar|H aga &3y EALS ZHE Al Z8 organicmetallic
compound$] Triptycene Silafluoreneg #7438ttt A2 compoundy 'H-NMR,
YC-NMR, FT-IRZ 3gEe 54 % EA7xE &89t Triptycene
Silafluorene %2 & WFAHAFAEEES 7HA 1 o] taEde] AFde /7]
LEDEZA® E§F3 AaA7 2 F gL Ho =5
Triptycene Silafluorenee® Luminescence Spectroscopy s o] &3] Az} = 3}
FEz e JEZ WUEFH 3195 (Picric Acid, TNT, DNT)] F#7]4 <1
2 =dE ABATE FAE ol8ote FEEE A # 5 s
A9Z gl drt. w3 Triptycene Silafluorened ©]-&3sle] #x 7= 31gE=
dH 2 YyE=Z wekE 3145 (Nitrobenzene, DNT, TNT, Picric acid)% ¢ Z9E&
o Fgalsly #ZAe7E 421539 copolymerization

=
sto] A A BS 3d o] % 5o chemosensor2e] 80| 7he & Floz A

PO
o
) fou
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6. '"H NMR, "C NMR spectroscopy

6.1. 'H NMR, BC NMR spectroscopy
Fig ."H-NMR spectrum of compound 1

7=}
=

58

]

98
&)

Ly
e
I R
gL
(=18
\

o0s 55 09 53 0t

(tudd) 14

0
1

5%

T -_—— — —1 38

=
i
"
|
I

= | - = R H— —0 00
= eee = a0

0054
005+
0001+
0051+
000z
0052
000e-
005E-
000t
005+
0005
0055

_27_



Bo-Yeon Lee — M.S Thesis Chapter One
Chosun_University, Department of Chemistry

Fig .PC-NMR spectrum of compound 1
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Fig JH-NMR spectrum of Anthracene
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Fig .”C-NMR spectrum of Anthracene
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Fig JH-NMR spectrum of compound 2
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Fig .PC-NMR spectrum of compound 2
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Fig ."H-NMR spectrum of compound 3
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Fig .PC-NMR spectrum of compound 3
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Fig ."H-NMR spectrum of compound 4
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Fig .PC-NMR spectrum of compound 4
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Chapter One

Fig ."H-NMR spectrum of compound 5
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Fig PC-NMR spectrum of compound 5
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Fig PC-NMR spectrum of compound 6
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Fig ."H-NMR spectrum of compound 7
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Fig ."H-NMR spectrum of compound 8
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2. Experimental Section

2.1. Materials & Instrument

2.1.1. Materials

Lte(nm) 3712 7|32 olol3E(wm) A7[8] FHE NSt o5dh H2l2 o
24 dolHE TSt s 0.8-1.2 mQ 2 M& wUS L= p-typelboron doped,
polished on the <100>) Al2|E oI E AIESIACE FMM7IsHEA BA2 AF[7] ¢
st 2AZ0f= hydrofluoric acid (ACS reagent, Aldrich) 2F =38t ethanol (ACS
reagent, Aldrich) 311 EEHE ALESEACE FAA[Z[7] £t Etching cell® Teflon
cell2 AtE3td 1, +M 2ol platinum plate2 -Z=20oll= aluminum foill2 AF23FA

=

2.1.2. Instrument
A2 folHo M7[ststM ez A Zi(Electrochemical Etchingl2 AlZ17]  #lsh
Galvanostat(soucemeter2420)2 0I5t ct =M= p-type Ctad Al2[22 Ocean

Optics USB-2000 spectrometer2 AFE3t0] MEo] ZHHIALN 2 ZHTMH 2 HH ot

ULt ESt EHE S| flaf MALFAL HO|Z(FE-SEM)E ArESto] &felstd

=

2.2. Experiment

2.2.1. Preparation of Anisotropic DBR Porous Silicon Sample

Ctad A2[Z22 dtEAH Mzl AH2(2 dolHE M7[=tefxel AZtE &350
A2[Z2 flolH EHol e 37(28 7[S(pore)tt L AUAXE 27| eotct Ciad A
2 20| ¥4== JEl= Scheme 8 of LERRF Qe HERF Zo| AZ[EE HF

(Hydrofluoric acid) stollAl MFE E2HFUE Of M2[Zd Us &2 TS dof

HoSiFe2t HagE ¥4 st=2=2 A2[E It AZ=of A2[2 folH ZHo LF
ot HlEE de tsl JlsS d45 =k
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of = hydrofluoric acid (ACS reagent, Aldrich)2t ethanol (ACS reagent, Aldrich)2 Al

&StU 2 HF : EtOH = 3 : 1 2 RuH[E ALSStUCE

L5-1 tungsten-
Source meter halogen light source

Kiethly 2420

Computer CCD detector
(OOIBase32 spectrometer) Optical probe

Figure 6. Schematic diagram for etching process

i Source meter

Source meter
(Keithley2420)
Ptplant—>

Teflon cell

Figure 7. Schematic diagram for anisotropic porous silicon.
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2.2.2. Process for surface Derivatization of Porous Silicon Samples
M7|=tefd AlZtg Sof 2o Clad Adel22 EXLstE &3510 Scheme 9
ol M2t 2ol O EHMO| Si-OHE SZEHO Zrd EHE e LEE Ci3d A
22 HMatstch @3 AMstE furnace (Thermolyne F6270-26 furnace equipped with
0[&3tod 300 CollM 3 h Seb &FstAIZCE ahsfyt B = Ao{&l .t

[

controller) &

a4 Alg|22 ofBef22 MAESI Ar gas sHlM AFESEZ| 7R A

71 Z=5tA Tt
H o HO. Ol
1. g Oxidation B \ ) o )
D gl
S1 St Sj Si S1

Hydrophobic Surface

Hydrophilic Surface
Fresh PS1

Oxadized PS1
Scheme 9. Chemical scheme for the thermal oxidation

2.2.3. Solvent degassing
2 Ao AE=E= F7180= n-hexane, methanol (98.5%, Aldrich), benzene,
(99.8%, Aldrich)2 Z+Zt AlEstHd

12

ot ol 77 B0l EMsts MaE HMASZ| 25t

degassing2 53 Ht=3sto] Z+zk FH| st O Cf S

40

J|8lES Pyrex &7|0 Eo{A
NESC=Z2 UED Ar 7122 X8 A|FAAM At4ete| HEE S 2tMs| Atchstict oA FH|
2o R Zhzke| 77| ool oot 37| = (vapor pressure)2 0| &350 AR skt
2.2.4. Optical Properties and Bench Setup

p-type CHBN MalZozBe @ WAl Hb Ul AHEYS £ 57| oM HAH

H# ol optical microscope?t &EE Ocean Optics USB-2000 charge—-coupled-device
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DE AHEHR MYAMO|M ELSA HZSH A otof p-type ClaA AZ[2E8 Y1 FEo
ZE SFARMIE giARMO] Y Fof 2A sto] Hdch olmf M otg XS MEfE MHED
#7120 (n-hexane, methanol 12|11 benzene)&el ©xet S7(7} ctad Az2 7|53

BES5t0] HstEoXl= & HALE UEE m39 olsdMEet & dEME LEdes
photolumonescence spectra®l Z42E 0|&3t0] 3 stict
M AMe|Eeo ZHOM |IIEME M3 HAS| fsiAM et APl 221718 53 M

T HEsSlo] f7 2oise S7|& 2895 MA stch ol Ocean Optics USB-2000

1o

charge-coupled-device spectrometerE 0| 83st0f }7| Boiet HtS 37|l Z+M iz
#MHZ =olsly| 2lsto{ FT-IR (NICOLET 5700)2 ©Ol&st0o] Z=Al stict

Figure 82 H|H& p-type Ctad Az[2E 2 A S F Vapor Sensingste= &¢F L

o A2l

(=] =]
Eftt= &ty S42 55| flsi dx8 Zxlojc

Figure 8. Optical bench setup for obtaining the optical properties of Porous
Silicon

_50_



Bo-Yeon Lee — M.S Thesis Chapter Two
Chosun_University, Department of Chemistry

3. Resulis and Discussion
3.1, CiE2AM AMz(Z mHo| H3al &9l

O=ad d2|22 d2|2 HEE dol"ol 8 RS E5F0 MI| - 3t&d 742 F3t

r

of M=z sgich CiEM Azl2 BHZ2 FT-IR £ £s5to &#olstH (Si-H) = 2090,
V(Si-H) = 2115, USi-Hs) = 2140 cm '@ 2 E2XF XES Figure 9(AOIA el &t Ut

dx M3EE slol oA ChFM MElZe EHo|l ySI0pE HEEHAM 2150 cm’

3 T T T T T T T
w(Si-0-SD)1100 em!
fresh anisotr opic PSi
2.5 + oxidized anisotropic PSi —
A X L =
=
-
e
S
= 1.5 + =
=
=
—
=
>
= 1 V(0-$i H)2250cm! .
0.5 .
v(Si-H)2150cm?
0

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber( cm_l)

Figure 9. FT-IR Spectra of fresh PSi (A) and oxidized PSi (B)
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Figure 10. Reflectivity and photography of pure multi-arrayed PSi (A) and
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Figure 11. Surface and Cross—sectional SEM image of pure porous silicon
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Figure 12. The real time spectra for adsorption and desorption of benzene

vapor(Pure PSi) : (A,B) benzene, (C,D) hexane and (E,F) mehanol
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Figure 13. The logarithmic fitting curve spectra
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Figure 14. The real time spectra for adsorption and desorptionof organic
vapors (Oxidized PSi) : (A,B) benzene, (C,D) hexane and (E,F) mehanol
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