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ABSTRACT

Chapter 1. Synthesis and Application of 2,5-Tethered Silole

Polymer

Kim Jong Jun

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

Graduate School of Chosun University

The 2,5-tethered silole polymers have been synthesized by neghishi coupling reaction
with bis(phenylethynyl)dimethylsilane and 1,4-diioodo-2,5-bis(octyloxy)benzene.
trans-dichlorobis(triphenylphosphine)palladium was wused as catalyst. The molecular
weight of 2,5-tethered polysilole 1 and 2 estimated by gel permeation chromatography
(GPC) are M,, = 9826, M, = 6237 with a polydispersity (My/M, = 1.581) and M, =
4970, M, = 3764 with a polydispersity (M./M, = 1.321), respectively. The synthesized
compounds were characterized by 'H and “C NMR spectroscopy. Absorption/emission
spectra and absolute PL quantum yield for these compounds were obtained by using
UV-Visible/fluorescence spectroscopy and in solution. Absorption and emission spectra
of 2,5-tethered polysilole 1 are red-shifted from those of 2,5-tethered polysilole 2,
indicating that the polysilole 1 are more conjugated than the polysilole 2. Detection of
explosive materials, such as 2,4,6-trinitrotoluene (TNT), 1,3,5-trinitro-1,3,5-triazinane
(RDX), and pentaerythritol tetranitrate (PETN), has been explored. At polysilole 2, A
linear Stern-Volmer relation was observed for the TNT, but not for RDX, PETN, but at
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Polysilole 1, detection was shown in all explosive materials in solvent and film.
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1. Introduction

SO HEH DEX=E -2 AT &4 ASHECSZ N2 ALS0 HIEMSE 012
H EM, 0l2dst 0IRE SS& 28d & MIUA S42 I &S 8XY/HUHX MY
N MESX Sz TAP 2B, 3B HEN Q7122 CHolQEPIe 22 &2 20k
N ZE8RActH SEZHAM 20 HWEAEC ]I MM UDEXZ2= polyacetylene,
polypyrrole, polythiophene, polyphenylenevinylene, polyphenylene S0l U220, 35l Si - Si
E = Ge - GeZ 0|20 &l polysilane 1t polygermane UV S 2 0IA E2S otH, =
2 E0SHE 20 st AEX S22 200N &8 ZEX &E S220/CHE
HE2 Si L= Ge 2+2| Z8 AS0l et 6 - o* XA B 2| HIE I &t 2t
=0l X OLS 0l 1 el 8kCt.

& silacyclopentadiene= butadienet Si & AJt Z &6t
o/ = 2 M butadiene2| n* H =& =2t Si 2 o* A0S AISHEC
Z&5A0IE 20 ¥ LUMO (lowest unoccupied molecular) 2 & =
BN Ol cyclopentadienedt (2 SS8F ZAXA SEMS JHX D JUCLTT 0|S2 2
ol EHCZ & [ silole2 2FHGHA 528 D2lol &EI1I0F XS JU=s +
o

silafluorenet 22 &= 1|t ZgE L2 27 € = JALLAg 1) =

I'

Aggregation-induced photoluminescence emission (AIE)JJ’ HI & e
PLEE0| HIIECZ 0|Sot= S018t 420 EHEH &
S 0/8st 2N 8t c L= 2FA0IEL 22 5 L2l TetM 2IHNZ L =
o =
==

ULCH(AE 2) Si-Si2 Z&E D2 X =, poly(l,1-silole) ELotE 528 N2 AIAEE Ot
N OO Ol2fst DEXNES =2 & L4 It &2 CHo|E!MPILL gl stal
AU S S8 ACH

19894 silole2| 22+ 5% Xtel Of

0| L=22°| tamao W4 HAREN 2o HSCZ 29 sH o2 HAE silole SHFMIDF 22t

5H X2 AZE DE2XO! poly(2,5-silole)S &4 L &H UK thiophene!*',
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carbazole!®, ethynylene!**! 212| 1) diethylbenzene™ '} 262 EXES X &ot= LEXIt
SHC AL Oledst D2XE0] JtX= S0l st Y X HEZ 0180 &8I &
CE, R ATG L2, JelD HSEX S 20H0M SN 2L

Ol ==20lM= 522 silole D2l AHOIO 21 2 XMCIS JtXeE HE I8 T2otH
A= D2 XNE &40t silolelt phenylene & 218 A0S n - n &S E0N HE 27
Ol& & 10t2t silolel] CHEXOI SR AIE SIS &M T AIGIRUCEH 028t Z&tX0ol S
A2 0l=2o HEXQ S 20! trinitrotoluene (TNT), trimethylentrinitramin (RDX), —12|
1) pentaerythritol tetranitrate (PETN) CHet 8 X 2 E a5t AL OtXIZ 22 0101 21
[=

p
= Poly(1,1-silole)t =& ! ZSH O 2 H| W 6HULCH
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Figure 1. Substitued silole and typical siloles fused with other aromatic rings.
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o-conjugated SCP n-conjugated SCP
Ph

Ph MeO OMe
gt
U AN AYWAY
/( ﬂ\ \\S/ Nei? \S//

1
Me
Figure 2. Different types of silole-containing polymer (SCP).
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2. Experimental Section

.1. Generals

P
Ot=2 SLOlM & 85t RALCE Dichlorodimethylsilane, Phenylacetylene, 1-bromooctane, —1¢2|

el
1
0x
o

=9

rn
tol

2
2 &/ & 2 standard vacuum line Schlenk technique2 AIEGIA 2 2

1 trans-Dichlorobis(triphenylphosphine)palladium= Alfa asearfil Al 2 ISIA20 FIOtA
oI M 10| AtESHALCE A &0 At=Est Z0HQ! tetrahydrofuran (THF), diethyl acetate
(EA), n-hexane, chloroform, methanol, methylene chloride —12|1) N,N-dimethylformamide
(DMF) 2 OClI(s3stehE Soi 2ot AESoIR2H, 25 0t=2=2 6t
sodium/benzophenone=S AtE 00 24A[2t Ol &t 87 A2l = S+4EIEZ ALE0ERALY. zine
chloride, potassium carbonate, magnesium sulfate anhydride, sodium bicarbonate, —12|1]
potassium iodate= JUNSEI2t Aldrich0iiAl &5t AIESIALCH 22X SEHE Gel
Permeation Chromatography (ACQUITY APC, Waters)E Soil 2 { /Lt st =8

2% = S0l THF= Fisher 3183 AtIA HPLC gardeS +&ot0d FIHEQ HA|
S0l ALBOIRCH, & AHEZYE UV-vis spectrometer (UV-2401 PC, Shimazu)E
020t UL Photoluminescene (PLYSE 2 3tef=E AMEE 1wt % THFUH 3
square quartz cellS AFEGt0 fluorescence spectrophotometer F-7000 (F-7000FL,
HITACHI)Z =&otC stgt=22 #X 242 Bruker AC-300 MHz spectrometer
'H-NMR, 300.1 MHz 1} “"C-NMR 2 75 MHzES 0|&3t0d ZQUCt Chloroform-d=

Ot2 SQt CalhbZ2 WBEHAIF &m =22 MG AIZSHCH NMR I1329| 3ts
& 0|=2 part per million (6 ppm)22 S XIH &ElCh.
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2.2. Synthesis

2.2.1. Synthesis of bis(phenylethynyl)dimethylsilane

250 mL 17 JFXIZHEl Z2tA S0l dropping funnelS A X610 LIRS L@ A Z X8
A21CH ZetA 3 Ot Phenylacetylene (10.2 g, 0.1 mol)3t £ == diethyl ether (EA) 100 mL
£ 210 WBtAIIIHA 1.6 M n-butyllithium (62.5 mL, 0.1 mol, n-BuLi)2 F 6t dropping
funnelOfl €10 &0 EH{ELICH BHESEU2 @8 MO 2 HoLIt =2FHEH &
MOz HGHH S0 It 25 F, 124120802 WHAIHA FCH 12A12F &, F =)
dichlorodimethylsilane (6.45 g, 0.05 mol)2 FAJ|E 0| o F & =, dropping funnel0fl 2
1 CHAl 8t M &S| Y £ ECt. dichlorodimethylsilane 0| EIIE 5 BtS SH0f| 4
MOl HO| MYECH 2H3| IS H FIEZ 12A12F WEHAIHA &=L BHE

O, BtSENS W ltolt - = S= MIHot ) waterS 0l Eolf Al = 8tCt. 0l = methylene
0

Ch. 288z A

2 80%0ICH. 2N
bis(phenylethynyl)silane2 "H-NMR1} C-NMR spectroscopy=S Ol Zot0 2015 Ct 'H
NMR (300 MHz, CDCly) 8 7.51 (m, 4H), 7.32 (m, 5H), 0.49 (s, 6H), C NMR (75 MHz,
CDCls) & 132.2,128.9, 128.3,122.7, 105.9, 90.6, 0.34.

:
=
=

=

4 2]

o o —

His 22 a0 2Io=2 AoHM %
=

=

2.2.2. Synthesis of 1,4-bis(octyloxy)benzene
500 mL 3+ JtXI el E2tA A0 dropping funnelt EtF W EH|IE &HXI6tY SetA
LHRE &2 JtAZ X| &8 AI2!Ch hydroquinone (5 g, 45.4 mmol) 2t DMF 200 mLE € 1) 1)
BEAIDILD BtE2EE 50CE SHEL BtE250F 2 50C 2 & & anhydrous potassium
carbonate (31.3 g, 226.5 mmol)E 30= =0 2f 38 LI+ LM & ZOtetth B EEl=
=z B

X
=
=2

Eotgs= Lymo

—/ (=]

St Al € Ct. 1-bromooctane(17.53 g, 90.8 mmol)2 | ol dropping
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funnel 0l €0 MRS HIISICH EIF 22 EH, 2T E 80THHA 22l 1) 24A|12F SOt
wWEt= AIZICH BHE0| 22 H HS=S ZS20 210 AEEH= OME ot &
=0 20 & D HMl= CHAl ethyl acetate2 == =, brinedt water2 i M & SHCH O 0t
E BHS MgSO,Z =F2 MHGHLD 22 5ol S O0HE MOSHCH 01&F AEE 24 Xl
= n-hexane0fl =0l £ ZHCZ Ze|l L HNECH 2 S0HE 22 St M 2HGHH X
Mol NHIE L=l 2BHSE QA ZUSS WMo U2 dAHF2H =82
60%0| Ct. 2 0 &l 1,4-bis(ooctyloxy)benzene2 'H-NMR 1} *C-NMR spectroscopyS 0| & 6t

0f E0I5I%CH "H NMR (300 MHz, CDCl;) & 6.82 (s, 2H), 3.89 (t, 2H, J = 6.6 Hz),
1.82-1.67 (m, 2H), 1.49-1.21 (m, 10H), 0.89 (dd, 3H, J = 9.3, 4.2 Hz). >C NMR (75 MHz,
CDCly) & 153.3, 115.4, 68.6, 31.7, 29.31, 29.30, 29.17, 25.97, 22.57, 14.0.

2.2.3. Synthesis of 1,4-diioodo-2,5-bis(octyloxy)benzene
SEHAAI|IIL X 250 mL JHXIEE ScetA30 Iodine(2.956 g, 11.65 mmol),
potassium iodate (0.958 g, 4.48 mmol), _12| 1] compound 23 g 896 mmo)E €11 EctA
3 UHEE 22 JtAZ XISAIZICH O 08 SctA 3 90l glacial acetic acid 50 mLE

20 WEAIZICHL BISEEE 120C & 2S¢l F, refluxE Gt 4A12F W B S XISHCE BtS
ES F US2CE MA202 W2HAII| 1 BIEE XS sodium bicarbonate =E H | 2=

IHCZ water2 MIEEH 7IISE FHEt =

2o
& 2 HEHC| H2M productE ethanolE MZEAIZICH OUHE DHe
o

En= gl
methanol 2 N [Esker gl O kO BHAH O =22 A X0, HHA
1,4-diioodo-2,5-bis(octyloxy)benzene "H-NMR 1} *C-NMR spectroscopy= 0| Z5t0{ &0l

SHRLLCH '"H-NMR (300 MHz, CDCl5) & 7.17 (s, 1H), 3.93 (t, 2H, ] = 6.4 Hz), 1.85 - 1.73 (m,
2H), 1.55 - 1.43 (m, 2H), 1.31 (dd, 8H, J = 6.8, 2.3 Hz), 0.89 (dd, 3H, J = 9.0, 4.4 Hz).
BC-NMR (75 MHz, CDCL) & 152.9, 122.8, 86.3, 70.3, 31.7, 29.16, 29.14, 29.05, 25.94,
22.57, 14.02.
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2.2.4. Synthesis of Poly[1,1-dimethyl-2,5-bis(tetraoctyloxy)biphenyl-3,4-d
-iphenyl]silole (PS 1)

100 mL JtXIE el Sc2tA 0 Anthracene (2.05 g, 16 mmol)S €1 SctA T LHREE &
2 JtAZ XI8HAI2] G2 2 THF 5 mLE £ 1] W BHAI2ICY. Lithium (0.11 g, 16 mmol)S
A HBAHM E2 = A 3AI12H WEHAIZICH BHSEHE2 AI2H0 et EE sA0A &=
MO Z HEHH & Ch 3AI12F WEt = 0] BtS 8t lithiumS MIHGH| 2ol &2 JtAZ X|&
AZI THE 100 mL JtXIZ 2l ZctA 30 H=HE 0l=o &HIst EctAIA2 I
JI¥ 22 THF 5 mLE FIt8tCH Compound 1(1g, 3.84 mmol)2 22 THF 5 mLO{l =04

ADIO FH &t =, SetA 3 oHfl 2 20~302 s AAT| EIHAIZ| 2 FIHE 22 THF 10
mL =Ch & 152 S2F Wk A9 ice bathE 0180 2&E 0C=2 E &L Zine
Chloride (2.18 g, 16 mmol)E XM E &EIISH1) ice bath M & &2z & Al2ICH &
1Al2t =,  trans-dichlorobis(triphenylphosphine)palladium (26.9 mg, 0.038 mmol)dt
Compound 3 (225 g, 3.84 mmo)E JIHM=Z &EItstCt. Ol Pd ==
bis(phenylethynyl)silane2| 1 mol %= AIEGtRULCEH BISSEE 0T E =S¢l
ARICH BtS &2 &, waterE 0lSoll M=al10

Ch =
, Magnesium sulfate anhydride2 ==& KMlHGH L] 04 t6t) 2 26H0 Z0HE

1—

e
n 4»

b

M
iy

A

s Fet=

HEHCH @A QLUSENC HIUESS 265~ 10 mL THFOI =Q! &, 500 mL Methanol0fl &
HO| BHEEH ASAIZICH 2o A S 3H BI=0I0 2 BHCZ =M IXE &=
Ch 215X 2 84 PS1 2 'H-NMR spectroscopy= 0| Z0ot0f 016t CH 'TH NMR
(300 MHz, CDCl3) & 7.26 - 6.69 (m, 12H), 4.01 - 3.11 (m, 8H), 1.97 - 1.04 (m, 49H), 0.96 -

0.77 (m, 12H), 0.46 - 0.17 (m, 6H).

2.2.5. Synthesis of Poly[1,1-dimethyl-2,5-bis(hexaoctyloxy)terphenyl-3,4-
diphenyl]silole (PS 2)

PS2 o EHYHS2224.01 /=8 LHIY SLSGHH, ZO0HE JIE 1 mol %0IA 0.1 mol

%(2.69 mg, 3.84 umol)S AtESIRULCE ZEH2 &l PS 2= 'H-NMR spectroscopy =S

0l=ol0d 20l5tRACE. "H NMR (300 MHz, CDCl3) 8 7.51-6.60 (m, 12H), 4.25-3.25 (m,

_u_

T
il
0%

_10_
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12H), 1.96-0.25 (m, 96H).

2.2.6. Synthesis of Poly(1,1-silole)

Poly(1,1-silole)2 OI& 0 20 DRSS Soll =HIZACL!™ 250mL EHE (0]l
1,1-Dichloro-2,3,4,5-tetraphenylsilole (3.0 g, 6.6 mmol)2 THF 130 mL €2 F, 22
JIAZ XIZAIZICH 2 &2 LiE WEH &It =, 38 st =318t AZICH 0]
=, 4 mL2 methanolE EIIECZMN BIS=S SIAIIIL] EB2O0HE 2200 =&
MAAIZICH QYEEHZ & Z2U=S 22 THFE 0/8of =0 =, 1 LY
methanolOfl & &S| FHILAIZA HEAIZICH 22 BES 3H BIEGIH 2 BH2= gt
M OHE S=Ch 25HOZ 4 E Poly(l,1-silole)2 "H-NMR spectroscopy=S 0| & 6t

2.2.7. Synthesis of 2,4,6-Trinitrotoluene (TNT)
250 mL 17 2+3J|0l 1-methyl-2,4-dinitrobenzene (9.0 g, 0.0494 mol)2t H,SO, 66
mLE E 1) dropping funnelE &XI8t U3 BtEI| HRE &2 IHAZ XI&tAI2l T
S wWBtE AAISICE ice-bathE 0IE0tH BHSI| 2%

18 mLE FAIIE 0I=dll F st Ct3, funneldll £at

JAIZICH &It 2t = ice-bathE HMIJHStL), heating mantledt 2t

d218 Xl =

HSI WS 22 90 C=Z d&ol s2 A2 UsS s2 20 A 3hr S 8IS

S 2AIECH BE 28 T 2EE 4222 H2TAIIIL overnight BHE2S & AISHCH
B

Al 2

[HOll ice-water 500 mLE CPHE 1), WHEIAIZIBE AN BISE2S HIHW &#&S =2
=Lt BtES =0l ice-waterOl EHIIEHA gHAOl XDt g
filterE O|E0ol & DHE =0 =32 HHE fldi SII =

2ICH &4E TNTE 'H NMRI ®C NMR spectroscopy=S 0| =0t0f &QI5tUCH 'H
NMR (300 MHz, CDCl;) 8 8.86 (s, 2H), 2.72 (s, 3H). °C NMR (75 MHz, CDCLs)
& 151.7, 1458, 134.2, 122.3, 15.48.

X
T
0
2
W
(=)
=

=

=l
=
ol
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2.2.8. Synthesis of 1,3,5-Trinitro-1,3,5-triazinane (RDX)

250 mL 1+ BFESJI0l HNO; 85 mLE S 2ot &2 JIAZ XISAIZICH WBHA|
A ice-waterS AESH 28 10C olotz H2FAI2IC
Hexamethylenetetramine 10.0 ¢S S =2=0A BFESI101 DX AHEHiZ2 &0l &It
2 WEtS AL EOt =, 2 302
ice-bathS HlHotD) MES
AZICE Ol BIZ ice water
=, 1L BIZHOI ice-water 400 mLE Z=H| ol
b

S=0| ZIE+S B4 O 425

HU  nx
&
Qi
kJ
(9,
(e
(@]
MU g

L]
£l
ol
ol
ro
>
N
kJ
Q
=
At
M

_

& DHE ZI1 of0l HAXZAIZICH gdE M
NMRspectroscopyS 0| E5610f 2 2I5tAC 'H NMR (300 MHz, DMSO) & 6.10 (s,
1H). °C NMR (75 MHz, DMSO) & 61.21, 39.47.

pal

2.2.9. Synthesis of Pentaerythritol tetranitrate (PETN)

100mL 2+SI|0l dropping funnel2 & XI5t pentaerythritol 10.0 g2 €2 =, &
= JtAZ XISAIZICH ice-waterE AFE0I0 BtEJ| LR 2EE 0C 2 W2 A2
Ct. HNO; 4 mLE F o0 funneltf €2 =, SL20HA WEHAIZIBA BESII00
HESG| HILAIZICH Bt = SL2T0UA 3hrs2t WEE |XIotD S8+ 2mLE
BESOI0 FIF S5t 3hrseH FIF WBtE AAISHCH Bs 25 F M4E
white-solidE Filter ({1t AI91D) BSF+E AESHH = AIEEZ AAISCH 20
BHA DS AR20M 3J1 S0l AZAIZICH S48 MH2 2 'H NMRZF PC

o

NMRspectroscopyS 0/ =6t0{ & QI5IHCH 'H NMR (300 MHz, DMSO) & 4.70 (s,
1H), *C NMR (75 MHz, DMSO) & 70.29, 41.54.

_12_
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3. Results and Discussion

3.1. Monomer preparation

ot A20M AtEE 2Z2LHS2 g4 ZYE8E Scheme 101 UEHHALCH
bis(phenylethynyl)dimethylsilane 2t 1,4-diioodo-2,5-bis(octyloxy)benzene O & 0ff & H &
Z& 0l [tet &4 o [

\_J

te

|0

ol
K2 Hu

bis(phenylethynyl)dimethylsilane8 phenylacethylene0ll 22 & & 2| n-BuLiS &
M =28 Li2Z XI&tot 01F 0.5 & &2 dichlorodimethylsilaneS & JtotM
Ch. 208 2 SHEHS =M MAHZZS methanolO| L} hexane@ E X 2|52 BH A
M2 2SS = U2H =82 24 70~80% OICh.

1,4-diioodo-2,5-bis(octyloxy)benzene2 RIIZOHUH A D2 XS Sl SIte 0lF =

= BAE et EH DE =S Aol ToIALE S22 E 2 1,4-bis(octyloxy)benzene 2

ol

=

fm

10

»

no ng

hydroquinone 3t 1-bromooctane= 0| &0 K,CO; St williamson ether synthesis BtS2 2
S HGIRUCH 8l TS lodinedt Potassium iodate (KIO;)E O|Ed =ZE 21
1,4-diioodo-2,5-bis(octyloxy)benzene=2 & AGIRULE OIS 2 =82 60 %= WA ZU=Z
2O /L

M
ro
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< Compound 1, 2 >
1 : bis(phenylethynyl)dimethylsilane
2 : 1,4-diioodo-2,5-bis(octyloxy)benzene

Q%H a %ﬁ

CgHg
Mol. Wt.: 102.13

v

Mol. Wt.: 260.41

B OH O(CH,),CH; O(CH,);CH;

I

b c
_— _—
1

OH O(CH,),CHj O(CH,),CH;3

C¢H(O, CyHaeO CpH361,0,

Mol. Wt.: 110.11 Mol. Wt.. 334.54 Mol. Wt.: 586.33

a. n-BuLi, dichlorodimethylsilane, Ether, r.t.
b. K;COs, 1-bromooctane, DMF, 80 C
c. I, KIOs, glacial acetic acid, 120C, 4 h

Scheme 1. Synthesis of bis(phenylethynyl)dimethylsilane and 1,4-diiodo-2,5-bis(octyloxy)-

benzene as monomer.
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3.2. Polymer Synthesis
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A3 2,5-dilithiosiloleS

0
v

L i

=)
w39

|of GPC OIOI B = table 101l LFEFLH R CH. PTPSS]

= 212k

— T/

tO4 AIZcll0I & o 2
OFXI Lt
B el

k==

DEXS &Y H2 Scheme 201 LIEHHRA

XG0l one-pot 22 EAGHRULCE
naphtalenide(LiNaph) 2t
Ot=1 ¢l ChS anhydrous
el TS 1,4-diioodo-2,5-bis(octyloxy)benzene 2t

2t

—

lithium

g

K| &= AH

— T/

o 0l0

MM Z-YMO2 BIotl HBE

1
50
'u
Al
Pal
T

0

e 32
fw
oy N 40
N

E
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= 00
O
o
ol
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=]
o
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[wl

ne

e
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AL

Al

A
i
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QtCH PTPSS HQ Al2|2 1
B2 REZIHA QJALH BHH PS 120+

Ol REXEZ 0IRNHE =S & = ALt
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<PSland2>

QL [eo]

Si "
PZaN ClZn Si ZnCl
/N

2,5-Polysilole1 (2,5-PS1) n=2
2,5-Polysilole2 (2,5-PS2) n=3

a. LiNaph, ZnCl,, 0°C, THF
b. Pd catalyst, 1,4-diioodo-2,5-bis(octyloxy)benzene, THF, 80°C, 3 day

Scheme 2. Synthesis of PS 1 and 2.
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Table 1. GPC data and photograph of PTPS, PS 1, and 2.

Silole Polymer Yield (%) Mo M. M /M
PTPS? 37 4685 5200 1.11
2,5-PS1 20 6237 9862 1.581
2,5-PS2 22 3764 4970 1.321

“ The relative weight-average molecular weight (M) and the polydispersity index (M, /M,) were determined by gel-
permeation chromatography (GPC)in THF calibrated on the basis of linear polystyrenes
& J. Am. Chem. Soc. 1999.12], 2935
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PTPS 2,5-PS1 2,5-PS 2

Figure 3. Structural comparison of PTPS, 2,5-SP 1, and 2.
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W

3. UV-Vis absorption/Photoluminescence properties

F

[on

0x

THE D2XS2 2 S45 T AGH| 1o UV-Vis absorption (UV-2401 PC,
Shimazu) 1} photoluminescence (F-7000FL, HITACHNE =& oIUCH &4 & 2,5-HAZ & &

£ D= X=1 PTPS2| UV-Vis absorptiondt photoluminescence, _12|1) H LA ==

£ SHOIUCH 0l=2 s EH42 QUGN table 20l LIEFLHACE. =& Al At

25t 2HE2 THFE ME0IU2H %= 10 ppm= 0| S0t UL

table 20 A = 2= UAXO0| PTPSOl B2 EICH &= I (dotted line, Aey)= 373 nmO|
=

PT
Ol L= UAMSIAUS W 510 nmUIA E|ICH 2 ATEH (Solid line, Aem)
2= Si-Si 0l M2 HAE ¢ 2FAH0|82Z QI5] 26t
= IHEE 402 nmUl A & O

=2
HOD, 0l THEO UES YAMGIHES R 526 nmlil A 2 ABESHS AS & AUYCH
SHOHOfl PS 29 L ETH E4 DHY 2 336 nmOI I, 20§ S4 DO LS YAGHAS If
BEYS A2 40t UAC

415 nmOll A ZICH &2 A
ol PS 1120t H

SdS0| O20= E0

2 =0l 0l22 2 butadienet phenylene & At A0 2] 1 &

FHOIE0| PS2ECt EETIASS AIAISICEH E£6H0|S NEXNES &2 AHEHN A

T HI=xst 2= BEHECEL PS22 415 nm0l A StLESl 22 D LIEtLI= BHHOI PS 1
2 PS2 20 111 nm 0| S8H415 nmOl M & [ E &olg &= AULCH

Ol218t Xt0IE OI2F 22 202D ?Ioll gaussian 09OWPIE 0|0t DEXQ| Bt

FH2 0l20d 1=2l molecular orbital (MO)E HAHSIA 20 21=2| lowest unoccupied

molecular orbital (LUMO)2} highest occupied molecular orbital (HOMO)E 12 50 LIEFLY

UCH PTPS2t PS 12| B Si-Si2 HZ & o 27 H 014 1t butadiene 1t phenylene2 2 1 2
FAOIE S =olg &= QUL BHHA PS 22 Z2R0l= &= T2 2F/H01&0] L
OILIXlI &0 Mol 220 2ogs & 4= QUCHL 28t 0lRs 282t sndez 4
He 2 JACHLAE 6)
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PS 2= 104 HIol 8 JH2| phenylene 1S JtAI L) J} 2, phenylene 1S2t2| 234 &
HXl= ZSItPS 10l BloH O 2H XtOIJF LAl &l 0 D2 Clo R SHL 2 A2 A=
O 2Dt 5242 SOIXIA T D PS 19 393" 2CH IH S XK= Z2E OFIIGHH STt

Olcdst Z2 PS 2=
ot 20 LA

St ol
= 2

ore

=
s o=
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Table 2. UV/PL Wavelength and absolute PL quantum yield of PTPS, 2,5-SP 1, and 2.

UV absorption ¢ Fluorescence
Silole Polymer
Aex (nm) Aem (NM) QY’ (%)
PTPS 373 510 2.7
2,5-PS1 402 527 8.4
2,5-PS2 336 415 23.7
«n THF.
b Absolute PL quantum yield
— 21 —
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Absorbance (a.u.)
Ayisusyu| 1d

300 400 500 600 700
Wavelength (nm)

Absorbance (a.u.)
Ajsuayu| 1d

300 400 500 600 700

Wavelength (nm)

Absorbance (a.u.)
Aysuayul 1d

300 400 500 600 700
Wavelength (nm)

Figure 4. Absorption(dotted line) and Photoluminescence (Solid line) of THF solution of
PTPS (A), 2,5-PS 1 (B), and 2 (C).
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PTPS 2,5-PS1 2,5-PS2

2 DG
, x i

LUMO LUMO LUMO
N ¥ . 3 O .a. i
2 9 AL T T ST LA
J,Q,g, ° ? !
HOMO HOMO HOMO

Figure 5. Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular

orbital (LUMO) levels of silole polymers using B3LYP/6-31G*.
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39.3¢0

52.4°

2,5-PS2

Figure 6. Twisted structures of PS 1 and 2.

_24_

ZICollection @ chosun



3.4. Absolute PL Quantum Yield
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Table 3. Standard Materials of their quantum yield values.

Compound Solvent Literature Emission Reference
Quantum yield | range/nm
Cresyl violet Methanol 0.54 600-650 J. Phys. Chem., 1979, 83, 696
Rhodamine 101 Ethanol + 0.01% HCI 100 600-650 J. Phys. Chem., 1980, 84, 1871
Quinine sulfate 0.1IM HaSO, 0.54 400-600 T Phys. Chem., 1961, 65, 229
Fluorescein 0.1M NaOH 0.79 500-600 T Am. Chenr, Soc., 1945, 1099
Norharmane 0.1M H-S04 0.58 400-550 T Luwin., 1992, 51, 269-T4
Harmane 0.1M H.S0, 0.83 400-550 T Luwin., 1992, 51, 269-74
Harmine 0.1M HaSOs 0.45 400-550 T Lumin., 1992, 51, 269-74
2-methylharmane 0.1M H:50;4 0.45 400-550 T Luwin., 1992, 51, 269-74
Chlorophyll A Ether 0.32 600-750 Trans. Faraday See., 1957, 53, 646-55
Zinc phthalocyanine | 1% pyridine in toluene 0.30 660-750 J- Chém. Phys., 1971, 55, 4131
Benzene Cyclohexane 0.05 270-300 J. Phys. Chem., 1968, 72, 325
Tryptophan Water, pH 7.2, 25C 0.14 300-380 . Phys. Chem., 1970, 74, 4480
2-Aminopyridine 0.IM H250, 0.60 315-480 I Phys. Chem.; 1968, 72, 2680
Anthracene Ethanol 0.27 360-480 T Phys, Chea., 1961, 65, 229
S Cyclohexane 0.90 400500 | J. Phys. Chem., 1983, 87,83
anthracene
— 26 —
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Measurement of reference Photolumi ence Number of photons emitted as photoluminescence from sample
(only for quartz cells) quantum yield

Number of photons absorbed by sample

@ Excited light

o (reference)
M t of ! -] //
easurement of sample o, <

[ (quartz cells containing sample solution) ] = Excited light
B (sample)
a / Luminescence light
£ ; / (sample)

J L / /

Caleulation of 300 400 500 600 700
ulatn
[ T quantum yield ] Wavelength [nm]
A Excitation light on reference and sample and
photoluminescence spectrum measurement example

Figure 7. Photograph and principles of absolute PL quantum yields measurement

system.
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3.5. Aggregation-induced Emission (AIE)

om
=2
x

Aggregation-induced emission (AIE) = 20013 == 2| Ben Zhong Tang 1l &+
g

hexaphenylsﬂole (HPS)E 0|20t JI&W CE &S LAGtD 222 LHGHN
CLEY perylenelt 22 222 BH LRSS 2XE 2 BX s S0 UM 22X
S 2} n-m stacking interactionO] ZO0{LIAH & 1) Ol et S 2 ZZ0| Ao Xl= & &tQl
aggregation-caused quenching (ACQ)E 2 (=L}, otKIBH AIE= JIES| ACQSt= LIEMA

CHot S&0| 205 222 MIIIL S
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Ct. ot XIBH Olefet 2 XS0l S& = ot EIH A 6712l phenyl 1E0| S| H 22 3| M0
A MStE o Z28 222 0|12 I 2XE 2t BE D n-n stackingS L XISHH|
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ey A

Figure 8. (A) Overlay plot of the fluorescence spectra, (B) fluorescence intensity, (C)
and fluorescence photograph of 2,5-PS 1 with THF/water mixtures with

different volumetric fraction of water (fy, vol%).
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Figure 9. (A) Overlay plot of the fluorescence spectra, (B) fluorescence intensity, (C)
and fluorescence photograph of 2,5-PS 2 with THF/water mixtures with

different volumetric fraction of water (fy, vol%).
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Table 4. Photoluminescence wavelengths of 2,5-tethered polysilole 1 and 2 with

THF/water mixtures with different volumetric fraction of water (fi,, vol%).

Silole Polymer 1 Silole Polymer 2
Jw (Yol %) Aem (nM) Aem (NM)

0 411 527.6
10 4114 5254
20 411.6 528.6
30 4124 527.6
40 413.6 526

50 415.2 528

60 413.2 523.8
70 411.6 525.6
80 410.6 523.8
90 410.6 525.6
99 434.6 526

@In THF.
Abbreviations: f;, = water fraction, A.,, = emission maximum
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3.6. Detection of Explosive compound by Fluorescence Quenching
IIoE UM, OZ Qlol =J o+t =
=== =20 &6t 2 Xlot= 20| Il SKot
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Figure 10. Type of Explosive Materials.
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Table 5. HOMO and LUMOEnergies calculated for the various explosives and polysiloles at
the B3LYP/6-31G* level of theory.

Compound LUMO (eV) HOMO (eV) band gap (eV)

PTPS -1.516 -6.057 4.540
2,5-PS 1 -1.864 -4.907 3.043
2,5-PS 2 -1.804 -4.963 3.158

RDX -2.568 -8.236 5.698

PETN -3.016 -8.404 5.388

TNT -4.004 -7.368 3.365

All datas are the calculated using B3LYP/6-31G* level of theory
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3.6.1. Fluorescence Quenching Studies with Explosive material solvents
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Figure 13. Quenching of photoluminescence spectra and Stern-Volmer plot of PTPS
with TNT.
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Figure 14. Quenching of photoluminescence spectra and Stern-Volmer plot of 2,5-PS 2
with TNT.
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Figure 15. Quenching of photoluminescence spectra of 2,5-PS 1 with TNT, RDX, and
PETN.
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Figure 16. Stern-Volmer plot of 2,5-SP 1 with explosive materials.

_42_

Collection @ chosun



Table 6. Stern-Volmer quenching constant with TNT, RDX, and PETN for PTPS, 2,5-PS 1 and

2,
PTPS PS1 PS2
Explosive materials K, (M1 K, M) K, (M7
TNT 6,200 141 1,289
RDX - 66 -
PETN - 87 -
43 -
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3.6.2. Fluorescence Quenching Studies with Explosive material vapers
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4. Conclusion
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6. Spectrum
6.1. '"H-NMR and "*C-NMR spectroscopy
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Figure 21. "H-NMR spectra of bis(phenylethynyl)dimethylsilane.
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Figure 22. *C-NMR spectra of bis(phenylethynyl)dimethylsilane.
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Figure 23. "H-NMR spectra of 1,4-bis(octyloxy)benzene.
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Figure 24. *C-NMR spectra of 1,4-bis(octyloxy)benzene.
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ABSTRACT

Chapter 2. Synthesis and Characterization of Organosilane
Electrolyte Containing Silphenylene

Kim Jong Jun

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

Graduate School of Chosun University

Organosilicon compound containing silphenylene unit as an eletrolyte for the
application of lithium-ion batteries was synthesized by hydrosilylation method between
1,4-bis(dimethylsilylhydro)benzene and 3-[2-(2-methoxyethoxy)ethoxy]-1-propene.
As-prepared new organosilicon compounds containing spacer such as propyl group with
ethylene glycol are synthesized to improve thermal stability and to promote

conductivity. The products are characterized by spectroscopic analysis.
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1. Introduction

2x E8E HHEHCZIZM 2IS0I2 HHE2(LIB)E SUEsH, SUHE AFH S O
AU X101 AFZE 0 20 LB 8D AsSXtet WX M&E AlA
8 (ESS)2| Md oUXIZMN &MY SSd= UEHO 28522 d4Ssta B
cliiM Slile ¥2 84, =2 & = <
o 4= 2I| ol =gHUHBLL 2&E

ethyl methyl carbonate (EMC), dimethyl carbonate (DMC), diethyl carbonate (DEC),

OF
S

i

ethylene carbonate (EC) —12|1) propylene carbonate (PC)2t hexafluorophosphate (LiPFs)

o EgE AWCZ R2 QECZ JAL0l ALk

BHE 2l 852 SFAADIHH EHIOMMOI IS 22 HEs ojotsttt. 2 m, o
S2 2= HEHOAM solid electrolyte interface/interphase (SEI) S &= =&IoHOFSt
Ct. M, SEI &4t XIHHQ =82 2o JtA M OIS E 822 =0ICh
AT, RII MolE S0H0 st elg Zo & S S SAAIZICH Yl, 2o &
HEECZEH S22E S Bset0h delld M, ol 84, E4, polyolefin
e 22U &4 SS9 22X sS4 Hdsetth! £8 Molld EotMe O u2
BHE 2l ot A stat2 ol 71 MAHE2 It Mot s X 2 s 8
& BIh Jdelnd =8 =AML HieZ S8 Y9FH ot S92 IEs & =
AOI0F SHCEM AO0IA OI0FD] HE 240X MIIXE L ESSOl R7EHE 458 =2
2510 Aoide o™ L ofiUX LE8 UM HZ T 0foF SHCHP 220 210l
2 Hifciet 2" 222 Qo JIES Moz AHZAN et A SItot
ULt =3l LIB SEUAM XA HMoHES IIAL0l =822 M 01D 2 280 U
= o& 2= ol0lE2lE EMIIXL MIIXe =R HOHSO0IRUCH Metd 22 o
XS0l WA MoHEC JtHALHS ZFI| et Wat&(fire-retardant, FR) &It
OOl 22 AP0 2O CH FR EIHMIS JHES DM D2X2 URE

25510 fol Qe M2E LA™ S0 HPAE0 ACLPY XSMX A Mol &

A AMEEHE HEES FR EIIHMe I se2biy st225 M2
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2. Experimental Section

2.1. Generals

tetrahydrofuran, methylene chloride, Mg powder, KOH, diethylene glycol monomethyl ether,
allyl bromide, platinum(0)-1,3-divnyl-1,1,3,3-tetramethyl-disiloxane complex solution, NaOH,
MgSO,, 1,4-dibromobenzene, and chlorodimethylsilane2t 22 2 BtS S =2 AldrichOfl

N Pest =, FIIHQC ZHISI0I A EIACH NMR HIOlE &= Bruker AC-300 MHz spectr
MR,

ometer (‘"H NMR, 300.1 MHz and "*C NMR, 75 MHz)Z 0I5t & 2 Ct. Chloroform-d= C
aHL,Z OIS0 WHAID| 1), 22 SFOILD P,0sZ2 £ 2 =, 2A12F WBHAIA X ESHCZ
2 SFOIRULCE FEA 0| S parts per million (ppm) S Z2 £ 16} 2 0, tetramethylsi

lane2| 22 0.00 ppm2 Z J| =30 2 D& Ch.

2.2. Synthesisof 1,4-Bis(dimethylsilylhydro)benzene

200 mL Zc2tA I 0l Mg powder (6.2 g, 0.255 mol) 2t THF 80 mLE €10 & =20A 1 Al2+
SOF WBHAIZAC}. Chlorodimethylsilane (24.1 g, 0.255 mol)2 & & 5| HIIAIZ| 2 EIt &,
10 2 SOt WBtE RXISHCE ice-bathE 0|26l 0CZ Y2t &, THF 100 mLOll =2/ 1,4-dib

EIIAIDI D 2 SOt Wbts KIS B &
=, 225H0 Z20HE MAHSH2 MAHE DI E n-hexane &= pentane=2 £ W 83|10
DtOH KIHStCH Gt s Z2ot0ll E0E Mot ZU=2 et Mz 20
Ch 2 BEHC2Z LS F0H0 MRS HHMEEHHZ =22 63%ALt B.p. 700C at 10-2 t
orr. TH NMR (300 MHz, CDCI3): =7.54 (d, 4H, J = 1.2 Hz), 442 (dtd, 2H, J = 7.4,3.7, 13 H
z), 0.34 (dd, 12H, J = 3.7, 1.1 Hz); 13C NMR (75 MHz, CDCI3): =138.60, 133.47, -4.00.

oromobenzene (20 g, 0.085 mol)= & & 5|

2

2.3. Synthesis of 3-[2-(2-Methoxyethoxy)ethoxy]-1-propene
3-[2-(2-methoxyethoxy)ethoxy]-1-propene2 Ol & U 210NE =22 Sol ZHIZH &
CHY dropping funneldt BFY2tD|0F AXIE 27 250 mL Z2tA 30 diethylene gly
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col monomethyl ether (10 g, 0.083 mol)% THF 30 mLet &M £ WEHAIZICH Ol

&, KOH(9.2 g, 0.166 mo)Z ZOJt =, A201A WEFAIZICE 302 =, BH220] ally

T

bromide(13 g, 0.107 mol) THF 10 mL2t &H & &3l HIIAIZICLH BISE2 oI2S
OF BIRNBIAIZICH BIE S8 £, A2202 W2AI|1D HIAIZICH HU¥ES 1 M
NaOH #=8H2=Z 3H MHFHGIL, MgSO,2 === HAHAIZI TS ot 26t
Ol E20HE HMASHCH 20 A BtE=S 242 SFot EHMotd oA xS 2=
2 80 % =22 MRS AMEEHZ L FCH B.p. 60°Catl0torr.’ H NMR (300 MH

z, CDCl;):8 = 6.93-5.69(m, 1H), 5.24-5.01(m, 2H), 3.93 (dt, 2H, J = 5.8, 1.3 Hz), 3.61
-3.38(m, 8H), 3.28(s, 3H); "CNMR(75 MHz, CDCL): & = 134.57, 116.81, 71.91, 71.64,
70.34, 70.25, 69.12, 58.68.

2.4. Synthesis of 1,4-Bis {3-[2-(2-methoxyethoxy)ethoxy]-1-propyl}d-
imethylsilylbenzene

250 mL s2 SctA 0 A FdIE 1,4-bis(dimethylsilylhydro)benzene (5 g, 0.026 mol),
3-[2-(2-methoxyethoxy)ethoxy]-1-propene (9.85 g, 0.057 mol), Z12| 11 F0H Q! platinum(0)-1,
3-divnyl-1,1,3,3-tetramethyl-disiloxane complex solution (15 mg, 0.1 wt % of all reactant weig
hE 1 02222 X&2te TS 70T 2 12A12t3 02 =1t AIZICH BtS3E =,
Ellz Z2USF2 MAHGHLD MZB6H0l SF0t0H ENCHULH ZHBHLZ g2 SHMS
NN = UHEEHZ =22 80%=Z 2 0 R Lt B.p. 240~2500C at 10-2 torr. IH NMR (300 M
Hz, CDCI3): = 7.48 (s, 4H),3.68-3.60(m, 8H), 3.60-3.51(m, 8H), 3.46-3.35(m, SH), 1.61(ddd,
2H, J=14.5,12.3, 7.2 Hz), 0.77-0.67 (m, 2H), 0.26 (s, 12H); 13C NMR (75 MHz, CDCI3):

137.94,131.0, 72.31, 70.0, 68.71, 68.59, 68.06, 57.09, 21.98, 9.53, -5.25.
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3. Results and Discussion

LIBOIM o2 2N AS4 3t & =20l 2 2L Oell) 2082 JIE0E =76t &
JI0l RI8t b2 oli2t 22 A& S JtELCHL 2A fel= 208 1M E perfluorosilane 2| &
A2 2 OMUACHEY perfluorosilane &S 0| st /& E AIOI2 452 Z2Ue XD
= £2 S22 E/R2LI 100 AI0IZ2E EXIIH 2 S22 BHFAULE 0lH st 2
b= perfluorosilane2| ethylene glycol 220M Z2 2l& 20|22 =& 3t =0 &oH
o I2es 02 dg 84s22FH = = /UL

D, D,

: > e
Si—OMe Si—F
N\ AN
OMe F

Figure 1. Synthesis of perfluorosilane.
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west 2| HAFAXSZ thimethylsilyl oligo(ethyleneglycol)ethers?t 22 FIIE 2|22 &
g2 2050 O8 29 201 ASARPEO MOHHO CHoH 107S/emOl JHNHE
HEHES JHAGLD BOEAXSH AOIZ2 452 A = AURULH MSHSZ A
E&l= LIPF2F & A=4RPEO MollE DB MolE 2l 2di= PF20IR22 2
&£ 21 PEsOl 2ol OFJIElCh. LiPF2l 2= ASAHPEO ZAH0 245 ZEAIDI
1 A =4LPEO MoiE Ji=2ol B2 2oHE OFJISH=E PFsE M4SHCH
H»
CHa)yx Si— O ~-C~
(CH3)g C 07 3
2
Figure 2. Chemical structure of siloxane-PEO.

LiPFs2| Z0oiZ QI8 siloxane-PEO = At2| #& Ji=320ol BtS2 A3 A Al
0|2l 28t back bond2 & &tAQF EHA ALOIQ] ZES 2A6HH CHS 4= UCH 0lH &
Hge g 30 2L

Collection @ chosun
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stronger weaker
t back bond o bond

383

Figure 3. Diagram for m-back bond between silicon and oxygen in siloxane-PEO.
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18 4= HF/6-31G*2 HAHEl methylsilyl ether® HOMOSZF LUMO Ol Xl 2l 22
QHIE CHOIOIOS 20FACL LUMO OILIXl AIZOIA AFAQL EFA AIOIQ) W
S X YT BES %51 5t A IS2HE OFIEHC
FXI5HD1 SIoH Al2l 2Dt & ALOIOf

A4

ﬂJIO
II_
Ol
:Q
a
(S
o

SO0l & JHQl ethylene glycol

S JHQl ethylene glycolE JtXl= RI| &2l2 SHE22 36t 2 =2 B EC
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LUMO HOMO

Figure 4. HOMO and LUMO molecular orbital diagrams of methylsilyl ether.
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Figure 5. Chemical structures of oganosilicon compounds having one ethylene glycol moiety

and two ethylene glycol moieties.
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8 62 1,4-bis{3-[2-(2-methoxyethoxy)ethoxy]-1-propyl} dimethylsilylbenzene2| & Bt
ol g4 EXE 20ELCH 0l 2SN O8 60 20HF= 3-[2-(2-methoxyethox
y)ethox-y]-1-propene2 CIE ZO0IAM KtAISI E0E/[S LHO 2t KOHIE =St
Ol diethylene glycol monomethyl ether@t allyl bromide AFO|2| etherfication BFSO0l 2
off EMTIOECEM 08 6 B)UHAM 20HF= A2 silphenyleneE ItXle A2
1,4-dibromobenzene t chlorodimethylsilane AFO|2| grignard EtS2 2 EHEIHF/CEH 1

2l 12 1,4-bis{3-[2-(2-methoxyethoxy)ethoxy]-1-propyl}dimethylsilylbenzene2 t0lA Z=H|

S
=

4

[on

&l 3-[2-(2-methoxyethoxy)ethoxy]-1-propene 2t 1,4-bis(dimethylsilylhydro)benzeneS Pt K
arstedt’s =0 GtOl hydrosilation BtS 22 & AHGIRULCH ZBHC=Z S4E RI|aegt

Stef=E2 Z otll SFot0 RS AIHSEEHZ B/ 2= E=SS2 NMR

8 78 22 trimethylsilyl oligo(ethylene glycol) ethers@t 1,4-bis{3-[2-(2-methoxyet
hoxy)ethoxy]-1-propyl}dimethylsilylbenzene2| 3D L& EWECH &ofE 2 2ls0l2
ZEt E42 HdoiZE0 st 2le 20l =gstol 2/Eo)| W20 AS4A0 cls

=
Ol20l Z2eg = UAES HEet 3J|2 2= HSetlh

0

I}
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—O0

(A) \ + AP ﬂ» O N 0N
o THE, reflux 0
o
\
H
/S] /S]_/\/O\/\O/\/O
Mg, CISiMe,H
(B) g €2 Pt. cat, aryl ether
THF reflux
Sl—H SIM /\/O\/\
o o

Figure 6. Synthetic scheme for the silaphenylene-containing organosilane compound.
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I W .‘..
%o 3,3
et Lo

Figure 7. 3D stereographic structure of (a) trimethylsilyl oligo(ethylene glycol) ethers
and (b) 1,4-bis{3-[2-(2-methoxyethoxy)ethoxy]-1-propyl}dimethylsilylbenzene.
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4. Conclusion

silphenylene £% = JtKAl= 1,4-bis{3-[2-(2-methoxyethoxy)ethoxy]-1-propyl} dimethylsilyl-

benzene2! MEZ2 &4 LHS JHLOIRULCE silphenyleneOl U= RIIACIZ &=

6]

2 1,4-bis(dimethylsilylhydro)benzene t 3-[2-(2-methoxyethoxy)ethoxy]-1-propene AtO| 2l

el

hydrosilationS Soll 60~70 %2 =22 43822 LI FII&2Z 3

]

22 'H2 "C NMRZ &0I5tRICH 2I§0I2 HiE2INA &HHE N propyl 1S

Ot

o
ju—

rz

22 AHOIAI UE ethylene glycoldt silphenylene RS TUASCZMN

CHY 28 FdsS g4AZ = A0 Y=0h
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6. Spectrum
6.1. '"H-NMR and "*C-NMR spectroscopy

8.0 75 7.0 85 6.0 55 50 30 25 2.0 15 1.0 05 0.0 -05

40 3.5
11 (ppm)

Figure 8. "H-NMR spectra of 1,4-bis(dimethylsilylhydro)benzene.
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140 130 120 11 00 % 80 70 &0 50 40 30 20 0 ] -10
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Figure 9. *C-NMR spectra of 1,4-bis(dimethylsilylhydro)benzene.

_79_

Collection @ chosun



ggugserssogecesisask 3dguysanssabacigsen

/ Lso

+8o
/] [
A s J

t70
+60

g(m)

|52
8(m) ©(m) D(dt) Alls) 50

582 514 283 3jes

— — e
t-40
F30
Fz0

e 1 T T
T T T T— T - T = A T T T T T T =10
75 7.0 65 6.0 55 5.0 45 40 35 30 25 20 15 1.0 05 00  -05
11 (ppm)

Figure 10. "H-NMR spectra of 3-[2-(2-methoxyethoxy)ethoxy]-1-propene.
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Figure 11. >C-NMR spectra of 3-[2-(2-methoxyethoxy)ethoxy]-1-propene.
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Figure 12. "H-NMR spectra of 1,4-bis {3-[2-(2-methoxyethoxy)ethoxy]-1-propyl}dimethylsilyl

benzene.
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Figure 13. *C-NMR spectra of 1,4-bis {3-[2-(2-methoxyethoxy)ethoxy]-1-propyl} dimethylsilyl

benzene.
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