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Abstract

In Chapter 1, we have synthesized the siloles derivatives to develop a new optical
probe for florescence turn off detection biomolecules. 1-methyl-1-hydro-2,3,4,5-tetra-
phenyl silole were derived with allylamines to give amine functionalized silole via
hydrosilylation. Amine-functionalized silole were further derived with biotin to give
biotin-functionalized silole. These biotin-functionalized molecules were used for the
detection of biomolecules such as avidin and streptavidin through the quenching of
photoluminescence. ~ Our results indicated that biotinylated-silole nano aggregate are
highly sensitive and selective to detect the avidin/streptavidin without any other
interference.

In chapter 2, we have described the Silole derivatives have an optical and electrical
properties which is useful in electronic devices, such as electron transporting materials,
light-emitting diodes (LEDs), and chemical sensors. New synthetic routs for
silole-derivatized graphene oxide have been developed from the hydrosilylation reaction
of 1-methyl-1-aminopropyl-tetraphenylsilole with graphene oxide. Photoluminescence
behaviors for the 1-methyl-1-aminopropyl-tetraphenylsilole, graphene oxide, and
silole-derivatized  graphene oxide were investigated by the measurement of
photoluminescence. Prepared graphene oxide and 1-methyl-1-aminopropyl-tetraphenylsilole
displayed an emission band at 295 and 480 nm, respectively. Optical behavior of
silole-derivatized graphene oxide were investigated by the absorption and fluorescence
spectroscopy. The silole-derivatized graphene oxide showed an interesting optical
properties. Energy migration by an electron transfer between graphene oxide and silole
moiety was observed. The silole-derivatized graphene oxide was further characterized by
UV-vis and IR spectroscopy as well as the surface electron micrograph and
transmission electron micrograph. Further details for the electronic behaviors of
silole-derivatized graphene oxide and reduction to the silole-derivatized graphene will be

discussed.
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In chapter 3, we have discussed the Nanocrystalline porous silicon (PSi) surfaces
used to detect nitroaromatic compounds in vapor phase. The mode of photoluminescence
(PL) is emphasized as a sensing attitude or detection technique. Quenching of PL from
nanocrystalline porous surfaces as a transduction mode is measured upon the exposure
of nitroaromatic compounds. To verify the detection of explosives, the surface of PSi is
functionalized with different groups. The quenching mechanism of PL is attributed to
the electron transfer behaviors of quantum-sized nano-crystallites in the PSi matrix to
the analytes (nitroaromatics). An attempt has been done to prove that the
surface-derivatized photoluminescent PSi surfaces can act as versatile substrates for
sensing behaviors due to having a large surface area and highly sensitive transduction
mode. The detection of analyte was achieved by means of photoluminescence quenching
of PSi. The quenching efficiency is in the order of TNT > PA > DNT. The electron
transfer efficiency is in the order of PA > TNT > DNT.
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Chapter One

Detection of Avidin and Streptavidin by Using Fluorescent

Organosilicon Compounds

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

Graduate School of Chosun University

1. Introduction

1988 0ll BurroughesS 0l 2ol MS LNEA MXZZ 20| LA =2 &L
e S22 FI2NA NS 2ol CHa0l SoigCh™ olget ¥ D&
A= 2RI BEX S22 n-2MAE &2 MAS0l 2RI DN AEE Tet
HIEMS &= OAM J1Q8t 280 dgZd2 & O 8% 22 MEBEg
g J|QIECH Mitle & S5 Aoz 2RH g4E 010, EXe MUY ES2
T AIA MHE ABtE RXE @ polaronSC MBSO RH S4CLP 0l
of S8t Z&A el MIDIAE E42 FHEIIII0 e |8otH ol2E =
AUCL KIE S0 toles, EdXAH!, D210 2g 0012E S0l o8&t
0 &2 &std MIIE S4 IOl silole2 chemical sensorss electronic devicesOf]

P

2ol M2 g £ ACHPT XA TNTS 2XE ASt |I| L2 Z2|HE Yang

I Swagger)t 21 GHACHS?

22 RIISES0| HIOIQUIMZ SEEI] Fdide HH ASE E = U= 3
ZHIt 20l 02511 ASH 0 SFAHIt M2 S2S ZAY I S2MI Hst
b A0k etth. Wets &M= JI12S ZXot)| fIotH =EHE Bt=Al JHXIL
AOOF otH =ESHE M0l =017 ?ohMs MO OS2 J|lsst
SIHUAAOF &tCt = AFU M= silole FAE HIOIQETA 0 S5t fIStH =2
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HME Z2eA210 /s dRAHC ofgl 1822 KRTHSHE silole2 &4oIA 20
gt & silole2 CHAl biotinylated-silole2 X2 £ MZ et &Zstd SHZ I AGHACH
HIOIRUMEZ SE&J] ol avidin/streptavidins = EXISHAUCH =2 Ohs4 A22
2 AIE 2 2t E4S 0/E8 el SE=20H0 E=ots &0 Z-E?I6HH &
HE D JASLE, OFA AIE SEAS 0/E6t= HIOIQAIASl JHE0l CHE Z0H0l BIGt
O MAUHECZ ARDL 0IS6H AEHOICH AIE S A2 0/88H HIOIQHIMS BRE=
ZU-ANAME S8R 2= HAPREN HSC2 HgE SFHHQ HR0ICh = A
= CYE st2 20t XIAS Htgoz & &tHl 28 882 209 o337 21t
2 A OHEIMAI HEol SEHEX %S LA, LI=B0I4EA, LI=ATHel 24
20 SEN 2HE SRSt FEE FAFSt=0 A JI6E He =2 Atz E L
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2. Experimental Section
2.1. Generals
= &8 & standard vacuum line Schlenk technique= A ZESIFU O S22 4
2 o222 JIH 2RAJI0M AASHACH A0 AES A2S  diphenylacetylene,
Allylamine, biotin Aldrich®?t FlukaOlM 2350 AIE SIA2H 0= ot=2=2
sodium/benzophenone @t & JTH 24A12F 0|4 &2 A2l & 259
, S2 AMEoIALCH H&
AOUA HPLC gardeE ot CIE
spectrometer(UV-2401 PC,

THF 2 diethyl ether, hexane, toluene, N,N'-d methylformamlde

JtA 221010A
OHQ! THF= Fishe
&2 AHEHZ2 UV-vis
#}+= diffuse reflectance (Spectra-Tech
el &

20l AtEStc. &
FT-IR

ZTA ALE
S Hel
Shimazu)E O0|&0tH UL A8 E
k2l & o]£5}le] Nicolet model 5700& o]-& 3o &A
2X 2AM2 Bruker AC-300 MHz spectrometer('H NMR, 300.1
NMR &04 chloroform-d= otF
EIESIN0]

AL
=39 stetH

diffuse reflectance attachment)
otLCH N

OlEstH &

stelch. sereol
MHz It 13c NMR 2| 75 MHz)2
SO Catb,2 WBAIA &% =22 HIAGHH ALS
S part per million (Sppm)2E LUHXIAH EICh EHAHEH2
luminescence spectrometer LS 50BE AIE6t0 SHGIRUCH EHAHEHZS =30
2ol 2 422 &= 10 mg/l L = 10 ppm2Z U0 AIESHRULE E=
AHEZY2 UV-vis spectrometer (UV-2401 PC, Shimazu)2 O|&3dt0 =X GHAUCH
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2.2. Syntheses

2.2.1. Preparation of 1-methyl-1-hydro-2,3,4,5-tetraphenylsilole 1

Diphenylacetylene (17.8 g, 100 mmol)= dried diethyleher (120 mL)0l =0[1) Li (1.38 g.

200 mmol)2 ZICHSt & HetA EILStC 0 EHE 1AI2E 302 wEHS 6t0 RM &

Ol 2ZMOZ HOHH ECH 2t saltdt MD|H HH HAE 0|0t -197 C 2%

OlA 302 5 Zellt Ol 2R It RLYEXN FEE Ar HASE SHAM DS
£ M3t 8t = dichloromethylsilane (15.6 mL, 150 mmol)E &! 2l X|

i 2
D202 252 S FUHAM WESHH Bt S EJJH 4222 Set
A

ERoZ HoHN =L Ol=
g =]

N LA MO8t & diehthylether (120 mL)S CHAl IS0 G0t AIAE
S=S HESW M2 2~33] METIH =0 2U=S 2= = AL
=l 1-methyl-1-hydro-2,3,4,5-tetraphenylsilole2 'H NMRZ 0I5t =QI5tUCH 'H
NMR (300 MHz, CDCLs) & 7.86 (s, 2H)

2.2.2. Preparation of 1-methyl-1-(3-aminopropyl)-2,3,4,5-tetraphenyl-silole 2

1-methyl-1-hydro-2,3,4,5-tetraphenylsilole (5 g, 12.5 mmol), allylamine

o~
o

I
e

an

mmol) 1t HoPtClgxH,O (3 mg, 5 umol)E dried toluene 10 mLE & J|ot
OlA 20A12F B8 W85t ECh Bts 3
o 2 &M EHs =0 0 SN =
diethyletherE 0|20t 2&3| =0/ hexane2 0| E3t0{ =& ot USHH et
MMHES 22 24 & 1-methyl-1-(3-aminopropyl)-2,3,4,5-tetraphenyl-silole
o 1

2 'H NMRZ 0/2350{ 2QI5t%UCt. 'H NMR (300 MHz, CDCL3) & 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)
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2.2.3. Synthesis of Biotinlyted-silole 3

1-methyl-1-(3-amino)propyl-2,3,4,5-tetraphenylsilole (1 g, 2.19 mmol)2t NMM (0.25
mL, 2.19 mmol)E dried DMF 10 mLE &Jtot) WPGtHAN dried DMF 10 mLOjl
Biotin (0.54 g, 2.19 mmol)dt NMM (0.25 mL, 2.19 mmo)E &EIISt EXHE LU=
Ct. 102 = HATu (0.83 g, 2.2 mmol)2 DMF (5 mL)E &It EHZ ItstCh &
20U M 20AI12F nBtotH =L Bt8 8 = 22 ) & Y ot =H et
MEE2E 22 4 QL A= Biotinlyted-silole2 'H NMRE 0| 35+0{ 215t CH.
'H NMR (300 MHz, CDCL;) & 7.62 (s, 4H), 7.44-7.32 (m, 8H), 7.06-6.96 (m,8H
5.36 (d, J= 26.1, 4H)

~—
<

2.2.4. Preparation of Biotinylated-silole Nanoaggregates 4
Biotinylated-siloleS Z &8t THF XS =0l €10 biotinylated-silole LI'=SE XM E
MZgtth 0 Xtz 0l 20Nt E UE =0& =2 R0l Uiet 2 2401 O

QUCH[15]
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3. Results and Discussion
& E biotinylated-silole2] &Zst™ 4SS LO0t2I| ?AoH UV-vis 8XH0| AL
Edl) & AHEHZS SHOIUCE 18 12 biotinylated-silole 32 & & &

Biotinylated-silole 32 Amx = 360 nmOIAM = S IIEZ 2r=Cl. Biotinylated-
= xo

silole 32 &2 AHEHES I IEZ 360 nmE LAICIAZE B Aem = 479 nm
Jre o

=2
x
o

A

C
Mo
_O'j
-
10
ogh
0f
=

ULt Biotinylated-silole Lt'=S&
A

2 AAMOIAS EBSR Aem = 493 nmUlAl biotinylated-

Biotinylated-siloleS THFO| =@l =0 S&F=0 #Mt=2H &
ME HMZSHACH O 1032 =2 HIE0l SItE=+=, biotinylated-silole Lt
M 42 & AHEYQ] 225 B)icte ZUE LIEIHCGL 2 BIZ0l 0%%t
60% ALOI0I M= biotinylated-silole LI'=S& M2 2 2ST= 22t SIHGHAI B
HBIZ0l 70% Ol& B critical aggregates)t & A & Ch.

= HIE0l 70% 0l&2 HS Biotinylated-Silole
&0l X<t =0lS biotinylated-silole S& M2 PL 2%
biotinylated-silole S& Xt =IJt S&EZIALE Mol X &
0l 70%, 80%, & 90% 2 [, biotinylated-silole ST X2 L& 22 4 Lt
BHEEH =8 LI-0I& AOIOl LIEFHCE. Biotinylated-silole S& M2l ID|l= 2
ol et 400 238 LH=OIE AOIOI &33t= PSA OIOIEHE ZRULCH
((tct Biotinylated-silole LI=S&HMIt 22t OE I OE A
FE-SEM At&OIA  LHEHCEH Ol Hl22 ZAZGtM biotinylated-silole S
L XE &l =8 & £ b= 248 9 =
avidin/streptavidin2| EXIE P

010 010

PN
=
PN
=

MHO

MHo
0l0
u 0
1o
Wog 2
03
Mo on
o 0x
O = o
T o
o T g M
oo 5
L) Mo - %
u
o M T H = W
o =2 MW 2 u o ro

=)
o
(_I

t. Biotinylated-silole Lt
= Sofl &olg = QUL Avidin/StreptavidinS &
UCH PL AZ2 pH 7.2 phosphate 2=& 20|l M
OtULCE 2 HIZ0l 90%P2! biotinylated-silole Lt'=S

£ ZAMotRUL

e AZE Stern-Volmer

Jz oz
|0 02
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Stern-Volmer A12 2PE O Y A9 A& S&842 X0IE HLot=0 At

&0
(1v/D-1 = Ku[A]
of &lUlA, Iy & AZNE HAS 2= L= HZS0l1D, 1 = A2LHE ZEs
e L= 25011, [A] = 2&H2 55011, Ky = Stern-Volmer &f==0|C}.

I

o
iotinylated-silole Lt'= S& X 2| avidin/streptavidin®| 2T XIE Stern-

t =d0ICH

ro
o

s U
5 o
e o
s E
@]

Z
[0 [
o
o

m
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<Compound 1>

: 1-methyl-1-hydro-2,3,4,5-tetraphenylsilole

CH:SiHCl,
_—
@ -197 =C

0

[<1012]
E'@@n*

+ 2LiCl

2LiMetal
Q—CEC_Q T B0 Q—
Et,0

[
=N

scheme 1. Synthesis of Compound 1.

Ol &HE 1-methyl-1-hydro-2,3,4,5-tetraphenylsilole2 scheme 20 LtEFH Bi2b 2
Ol allylamine 2 &1t =04 1%= ALE0H0 &4 SHALCH
<Compound 2>
: 1-methyl-1-(3-aminopropyl)-2,3.,4,5-tetraphenyl-silole
Ptcat
O[Si(CH:), CH=CH,],Pt
Q / \ O + Z/VNHz Toluene, Reflux
/Si\
H;¢© H
1
scheme 2. Synthesis of Compound 2
g AdE Compound 20 NMM1t HATuZ Bioting AtE36t0 Compound 3 &4 SHCh
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<Compound 3>

: Biotinylated-silole

RS, JL OQ
f

HN" NH

OL0 . wOLG e
o HOC 4

J

scheme 3. Synthesis of Compound 3.

i
0x

= Compound 32 THF &% SF+E AMESH UHE-SEME MZEIZE scheme 40

HH ACH

—
m

}

<Compound 4>

: Biotinylated-silole Nanoaggregates

THF/H,0

scheme 4. Synthesis of Compound 4.
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0.7 1000
R
0.6,
g - 800
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Figure 1. UV-Vis absorption and fluorescence spectra of Compound 3
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Figure 2. Comparison for PL Efficiency between biotinylated-silole and nanoaggregate
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Figure 3. PL spectra of biotinylated-silole nanoaggregates in water-THF mixtures
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Figure 4. Plot of the relative intensity of biotinylated-silole nanoaggregates % water by

volume
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Figure 5. Photograph of biotinylated-silole in water-THF mixture under white light(up)
and UV lamp (down)
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Figure 6. Quenching of photoluminescence spectra of biotinylated-silole nanoaggregate

with Avidin
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Figure 7. Quenching of photoluminescence spectra of biotinylated-silole nanoaggregate

with Streptavidin
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200nm

Figure 8. FE-SEM images of biotinylated-silole nanoaggregate from 90%, 80%, and

70% water fraction
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4. Conclusion

nio
om
Paa

2 dIAUANE ZSE2Z avidin/streptavidin g £ Ue MZEZ2 chemosensor

Ol biotinylated-silole LI'=S &M 4 £ JHZOIALCE Biotinylated-silole Lt:=S& Xl 0l

avidin/streptavidine Jtoll Z2Z2Z 4o ZAE =ZTotW &KXl oFULC Biotinylated-
o

silole2] Z2LZH2 SAl Blol= 2= =& otRULE Avidin/streptavidin2| E X0 H

St Stern-Volmer plots2| FMHI&ES L RUCH Biotinylated-silole LI=SEME L& ot=
222 A2 HAHLIS2Z = biotinylated-silole Lt'= S& M 2t avidin/streptavidin  2+S
MO0l HIZZES&O0| site effect & == ULt Biotinylated-silole LI=-S& M= Zoi=

Ol Otl avidin/streptavidines EX| ot=0 2& 2 MEH0] £ZCH PL 2ZEHE 0[S
8t avidin/streptavidin® E Xl SHE  (Avidin, 3 x 10" M and Streptavidin, 3 x 1077
M)OIC}. Biotinylated-silole Lt'= S&EX= =2 & L2 L

XD A0 HIOIHMA AtHol EEFH A R
S0l UCH

0
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Chapter Two
Synthesis of Silole-derivatized base on Graphene and Optical

Characterization

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

Graduate School of Chosun University

1. Introduction
22 @ W AO| J12HTl(graphene) S1PIF ZUROZ ZIIGHHA MI2LBAE
“OI=E OF ATHOI CHE e metifel 2d T8 S50t A= FAoIt. 20
<l C|

HSH = (graphite)S F&ot= XA otLh FHE 2XHE SR dciEls =al

H = sl YW o2 82 (exfoliation) St = AIEIF U0 SCH 2Lt 2t
van der Waals &2 20 =X 22 22/0UXE2 eVviim)E X260k 3l S
o Mt W20, HEE FH2 SS(multilayer) JECZ 22D AUOE F
20t MEg ZelAL 2AECHH Az &&= 2HMIt UUCEH 2004EH0 I=
Geim P72 &S HOIZE AMEst= HhEdt JIHN E2[goz (0IF &=
OlZgioz HEH) SHUAMN D2 22I0t0 Dl AEHARS B2 SH =Y
Ct.

el Zelgol gHA ol =% 2a2lg A0 FU=2H ettt 5
Sst SASI FHOH 2SS0 S XD JUCH 2x& Z2Ho a0l degxez
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N &2 S(light-emitting layer, LEL)2 & KM G0 O-LED S 20HE 2100t X
20 2E0E0 UL 0lde =58 4252 Eol 2L JDII0N EXUEEUHZ
(electron transporting materials)Lt 22X IHE (hole transportin materials), > 22 Xj

_@
0z

2 (light-emitting materials),"*'® & 5}t MESst™ MA N 0L S26CH"?Y
Z H720ME &I 8E=40| H =8 graphene Oxide 2t MetalloleS & &0t
N2 8= MAM MZ22 e dI| 8&4 SZ0l 26t AFE &iotl

1 2™ E4S X AGtD A oA

1

2

A
]
)]
_|o||
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2. Experimental Section

2.1. Generals

50

0
2
ol
]
0
10
]
0x
Mo

2 &2 standard vacuum line Schlenk techniqueZ AFZ0dt
o222 I 2S00 A SSHACH  AEH  AIES  AIYE,  Graphite
powder(Aldrich, 99.9%)2t -1 2 2& AUS2 FlukaOlld P23 M 240l Ht=2

A

AME SIULH Elie o222 JtA ZRIIJI0lA  sodium/benzophenone2t & H 24 A2t

Ol4 &3 A2l & 22| tetrahydrofuran, diethyl ether, hexane, toluene S= AtE3t

AUCH Z& =HA AI2&Z = 209! THF= Fisher 383 AtOIA HPLC gardeE

2ot CE =Xl 80l AtZotUth && ABEEYEE UV-vis  spectrometer
X

(UV-2401 PC, Shimazu)E O|&0ot0{ Y AL =2 + =& E Bruker AC-300
MHz spectrometer('H NMR, 300.1 MHz)S O|235t0f 2/QCt. NMR 20 chloroform-d

2]
otF S¢ CaHh,Z WEHAIA &7 === MHOK ALEotRUCH

Perkin-Elmer luminescence spectrometer LS 50BE 0| Z0l0] SHAHEHEZ FFHOt
Jl 9IoH M graphite St&t=2°2 &= 10 mg/l L = 10 ppm2& XF0 FHSIAC
4 ABEYE UV-vis spectrometer (UV-2401 PC, Shimazu)2 0/&0ot0 SEGIA
1, JeiE AIEQl HH 3J|IE =EFGH)| ?Iot¢ Hitachi S-4700 FALRO0IZ S ALS

B

AL

ol
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2.2. Synthesis

2.2.1. Preparation of graphene Oxide
Graphite powder (3.0 g)S H2S04 (120 mL)0ll =0/ K2S208 (3.0 g), P205 (3.0 )€ &
A

JLEtCh O M= 120 CTOl 6AI2H BtF WEHSIHH &222 258 ¥=1) SF7 =+ 500
mLE O|=Z6t0 S3t AIHZLH 2 S ofHA =2 &= MHGH| ?I6tH SF
2000 mLZ MI&GHH &0 ME=S 22ot0 &0 ES5== 0180t 0 T =25

0ll Ml HSO4 (120 mL)0ll &= (3.0 g) 2 KMnO; (15 ) It = & 1AIZF E & W BHAIHA
=L 35C =25 &MEy XIGHHE A 2AI2E 8 WBIAIAEOH WEHO| EH = €82S
0l26t0H 0 C 252 ®RAlst = SF =500 mLE EIt = 2A12F 25 WEAIHAZLC O
I Xr==282] DI MOt & 2830 Ha02 (30%, 20 mL)S JtAJF Zdot22 Aol HIt =
A 30=H T WEAIZI = (HUGHHEC H2M SH0| &M HHol ) = O Hexane

CZ33 T ME = Z2AHA AXZAAHASCH

2.2.2. Preparation of 1-Methyl-2,3,4,5-tetraphenyl-1hydro-silole
Diphenylacetylene (17.8 g, 100 mmol)= dried diethylether (120 mL)0l =012 Li (1.38 g,
200 mmol)= Z CHEH & &t EOLSHCE 0] 2HZS 1AI2E302 S

MOl ZMOZ BHotH =T et salt)t A4D1H HX 2AE 016t -197 C 2%
=

OlA 302 85 Lelth Ol 2122 It S XES ArgasE SHA DHIS Al
2ICH 8BHZ2 IXISH 8 = dichloromethylsilane (10.0 mL, 100 mmol)E &l 2l X2 F 6t
St HOIot) 42202 2EE S =HAM Wbt 6t BIESEI|IH 4222 St
HHASMO ZHs 25 = UL, 0] HFM SHAE0 A 24A12F WBHS HECEH BHS
T2 = RJ = 2 ot0lA SEAIZA MHE = methanol (250 mL)E & Jtot) &
3022 WEHGHHA BtS AIHAECE B1S B2 = hexaneR 2 M EGHH O 0t AIAZECH 1O

= 22 oM SL AlIZID AE AIA =L 1-methyl-2,3,4,5-tetraphenyl-1-hydro-silole 2
A2 & QUCH AE 2ZEES IH-NMR spectroscopyS OIS+ 22152 L 'H-NMR
6.

7-7.2 (m, 20H, Ph), 4.5 (m, 1H), 0.5 (s, 3H)

@
S
<)
<
an
IS
@
o
@
3
o
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2.2.3. Preparation of 1-Methyl-1-(3-amino)propyl-2,3,4,5-tetraphenylsilole
Methylhydrosilole (3.0 g, 7.5 mmol)2} allylamine (1.0 mL, 15.0 mmol), H2PtC16-xH20 (7.5
mg, 15 umol)2 toluene (60 mL)Ml I8 = Ar gas A EHUHI A 20AI 2t S0 853 W BHAIA
Tl SHS AlE = L AL AIZICH M E == diethyl ether0il =2 = hexanelil ==
Ch. =8t EUS HUotH &0 dd=2 S48 S D= DHOoItH gde =&
1H-NMR spectroscopy= 0| 235+04 2015t C. 'H-NMR (300 MHz, CDCL;) 8 6.7-7.3
(m, 20H, Ph), 2.64 (t, 2H), 1.53 (m, 2H), 1.01 (m, 2H), 0.49 (s, 3H) “C NMR (100
MHz, CDCLs;) & 154.638, 140.784, 139.691, 138.523, 129.802, 128.685, 127.838,
127.254, 126.079, 125.419, 44.847, 27.367, 10.593, 4.587

12
i

ro

2.2.4. Synthesis of Methyl silole graphene oxide

1,2-Dichlorobenzenel  grapheneoxide (3.0 g)1t  methylhydrosilole (3.0 g),

N,N'-dicyclohexylcabodiimide (0.3 g)= &JI&tCt 180 C 2Z0lA 3 S0t 27 WA

0L 422 258 EF1) HIUGIHEL 1 £ 42 SHUD FHotH He &7

Elht= 37 = 2 =M S 20l hexane 100 mLS &It = 2 302
A

HAIHA &L Hd=SS L olillA S HAXAIZICH

2.2.5. Syntheses of Amino propyl silole graphene oxide
Methylaminopropylsilole (3.0 g) 2+ grapheneoxide (3.0 g)= 1,2-dichlorobenzene (100 mL) Uil
=0/1 N,N'-dicyclohexylcarbodiimide (0.3 g), N-(3-dimethylamino-propyl)-N'-ethylcarbo-
diimidehydrochloride (0.3 mL) _12| 1) triethylamine (1.0 mL)E &JtStCH 180 C & Ul A
32 SOt &2 WEHAIZICH A=222 2EE =1 (HUotHELL D= H2 &
&2 M Z2E | diethylether 100 mL2

o302 WEHAIZI F (A =0 Hd == 22 ol0lA S AXAI2ICH

12

Ot

[

uli

=P

o

2.2.6. Syntheses of Amino propyl silole graphene oxide
Aminopropylsilolegrapheneoxide (0.3 g)S D.L.water (50 mL)0ll = 0|1 Hydrazine (0.6 mL)
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3. Results and Discussion

QoA &S Soll, Graphene oxidel| ZZSE0l  =Cl= XS FT-IR (Nicolet

5700) = &I E 01 &6t 2 QI5tRUCE BHH Graphene BIS 22| 2 2& 20| ZO0HKl=

CHAIO NS0 H E0tote A S =olg &= JU/JCH O LEOHIt Graphenel =2 M| &
20

T2 =0 Silole2 224 e M3 ME2A2 HEHES 826t UL

O

Graphite Graphite Oxide (GO)

Figure 9. SEM of Graphite Figure 10. SEM of Graphene Oxide
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Methylaminoproylsilole Graphite Oxide .
(MSGO) '~

Figure 11. SEM of MSGO Figure 12. GO and MSGO

Graphite FZ& <2t €1 U= bt 20l EL do2idt SMU=E AHE
Figure 92 Soll 0l & £ QU/AL), graphene oxideZ 43t AIIIXH 2 Z 0] M Bl
S0l M2 242 & = UCL (Figure 10) 0l SEM &S Sot0 EtA G002l AEH
@l graphiteS Hummers2 ZHS Sot0 &&S 6tH ZI™ graphene oxideE &S
= Qe HE & = UYL 0| graphene oxide= otLIS| oz ALK U2H
OrolaE 3AJIE 2= e HE € = JUAUCH

Methylaminopropylsilole It graphite oxideE & &5t0d SEM2=z =02lgi E£L
graphiteL} graphene oxide®t= Ecl AIZIEEHE XN N2 =2cle SEHE LiEts
Ct. (Figure 11) Graphene oxidell Z& X0 siloleS Z& otH &HH L= S

OlM otLtel sgE& ArE "EiE 2 &0 THFOl  methylaminopropylsilole
graphene oxide?t graphene oxideE =0 = Z I MSGO= THF0Hl == BtH GO=
BHE Ol 23X == EOIGHALCE (Figure 12) 0l

o
S A2 = JU/ULH ot L= RI| S0l & s=Ce=s A

_31_



Hyun Cho — M.S Thesis Chapter Two

Chosun_University, Department of Chemistry

3.2. Comparison for PL Efficiency GO, Silole, and MSGO

1200 -~ ;
—e— GO0 -2— Silole == MSGO
1000 )51 "}
| P
| 8
300 - | i

v
<

PL Intensity
= .

100 | 3 5
! iy
! RN
! a3
200 L f e o
A ! L S el
_JH Jf = w“*’j\
0 o D{ 1 |‘ =
300 400 500 600 700
Wavelength (nm)
Aoy =298 nm

Figure 13. Comparison for PL Efficiency

SHE MHAESSo S S48 20 I 9 & AW
Figure 132 A &S S0t 2 GO, Silole 12l MSGOS &€& AHEHS U}

o
42 GO= 320 nm 400 nmOlAd 2T E 20 & = AU, Silole2| B
nmOlAl ZZ0E SoIg £ UCH 0] =29 H=2Q MSGO= SiloleECl= &1
GOE(Ch= 42+ &2 384 nmUl M 22U E SHolg %= ALt

_32_



Hyun Cho — M.S Thesis Chapter Two
Chosun_University, Department of Chemistry

3.3. FT-IR Data of GO and MSGO

_5_(;0 | I'E—MISGO i I |
~ 3 I
= | f[ l §
= y ’*
L I ',i 'Ill
=t oA i .
g .t |
S Lo LN
= ,"'II ‘\I |!I | I |] Itl }f IIE_
":'L / "v-.r'lIL I'\ I \ ||I'.Il‘. '|
\ f II‘"I}“’*I |J J'
M e = H.JI | W'Jln'fqit \i
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" i
Wavenumber (cm)

Figure 14. FT-IR Data of GO and MSGO
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< GO « MSGO
2850-2920
O-H group 3400 cm’ C-H group 0
cm
3300-1612
C=0 peak 1735 cm’ N-H peak 0
cm
O-H deformation peak 1390 cm™ O-H deformation peak 1374 cm™
Unreated C-OH stretch-
C-OH stretching peak 1253 cm™ 1259 cm™
ing peak
C-O stretching peak 1056 cm’ C-O stretching peak 1041 cm™

Table 1. FT-IR Data

GO2 MSGO2| FT-IR Data(Fig 14.)E Table 1.0l LIEHLHRUCE.

3.4. Absomption and Photoluminescence Spectrum of MSGO

g & & Methylsilolegraphiteoxidel| Zst& EHZ LO0tEI| ol UV-vis & A
HmEHY & AHEYEZ Z=HOIULL Fig 152 &2 Sol g

methylsilolegrapheneoxidel| S+ %
methylsilolegrapheneoxidel] S+ ABE & OZ methylsilolegrapheneoxide2 298 nmOi|
N ZI &+ &S 22=Ch Methylsilolegrapheneoxide2| SZAHEHZ =
b= Fig 15 B)U LIEHHAS0! 298 nm2| D] OIEES 2AIGIRE B2

390 nmOil Al otLtSl 2 S =02l otALH
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UV Abosrbance (A.U.)
(''v) Ansusquy 14

250 300 350 400 450 500 550 60O
Wavelength (nm)

Figure 15. Absorption and Photoluminescence Spectrum

3.4. Comparison for PL Efficiency MSGO and MSG

Graphene OxideOfl Al Graphene@ 2 X2 AlZS JFR <€A
methylsilolegraphiteoxide®t methylsilolegraphene2| & AHEZ
nmS I MEES YAMHAS B2 Am = 384 nmOlA StLIS| 22T E &0l ot
Lt Graphene oxideUl M Graphene@ 2 XISHAIZS dR & MIl= GO E=RE

Ct Graphenel| Z<Jt O 26tH UEHLI= XS & QI6HULCEH
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Figure 16. Comparison for PL Efficiency
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<Compound 1>

: 1-methyl-2,3,4,5-tetraphenyl-1-hydro-silole

2LiMetal CH,SiHCl :
Et,O -197 °C

E@@ﬂﬁ
|
P

E@De

scheme 5. Synthesis of Compound 2-1.

<Compound 2>

: 1-Methyl-1-(3-amino)propyl-2,3,4,5-tetraphenylsilole

Pt cat
/ \ O[Si(CH;),CH=CH];Pt / \
NHg
Q O + 2/\/ Toluene, Reflux Q O
§i Si
SN il
H;¢© H HiC \ﬂ/NH
2

2

scheme 6. Synthesis of Compound 2-2.
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<Compound 3>

: Methyl silole graphene oxide

/ j‘ﬁ”" EDC,DCC

1.2-dichlorobenzene

scheme 7. Synthesis of Compound 2-3.

<Compound 4>

: Amino propyl silole graphene oxide

W
i Z’f j\)’m" EDC,DCC

A NHy -
HC Ry 1.2-dichlorobenzene

scheme 8. Synthesis of Compound 2-4
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4. Conclusion
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Chapter Three.
Detection of Nitroaromatic Compounds Based on

Phenylethylene-Derivatized Porous Silicon

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

Graduate School of Chosun University

1. Introduction

Cksd  AelZ2 1950900l Uhir SO0l 2o  &Acl®d dNLAHOEY
(electropolishing)2 GICHIF STAEIOA R2I0H A0 SACHY. o OH24 a2
2 (Porous Silicon)2 =& HUHAZ JiX 1D U= &E U AclAEo HAZ M=z
248 ZIULH OlHdst EES 2= US4 2elz22 00122 E H20 ArES=
A2 90l (Silicon Wafe)ZS &J| - 518t & 2AI2 E5101 2F g4 =9 o
2 2ALN LA O34 adeEa2 sSS8 g8 4232 22 = Us
AJINMEEH =+ 0L0I22 AJI0l Ol2= JIEsS M4ol=d 0l G4 Aelz
o 558t F IS &&E S401 & L&A (Photoluminescence) 2 & BrAL

2 I8 Ltk 3J18 JI82 It
Ne O34 HEHE JKLD JAN 2K E(sensitivity) S SIH A2 &= UAS2 2 53l
sensor2= Ot Hgtsh ATHOICH S MAECSZ BEY=S 8 & = A= Y
2= W JHXIDF UCH IHE Zel MES= EXz2= sHERJed 0 =25
§X0l= Mz SLS0| Ot 252 8Xdote EXz AR ASIH SEle X
ol ACH. 01248 &= C+24A A2l 2(Monolayer porous silicon)S 0/ 25t =22
2 gX8 HdR= 20 H U220, 0l= photoluminescence A& S ItE porous
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porous silicon

(0]
[y

o
=

b

=)
=

H2 M2 F(electron rich)St

X| l:JOI- H

o

Ef
(electron deficient analyte)

pN|
=

=82

=
=

TSPNES
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silicon(PSi)S 0| &6t Lt

Hyun Cho — M.S Thesis
Ol A

g fr BE 0T gD WK< U M ool w0 g
5K = = S A O [ D@ o R g 3K K S 0 g oF
2 ) 2 3O .. L. K &8 8 o mw = = 2 o
3 nH o JuY = ® 3 B ol 50 X0 w0 = um o &r o =
= 0l o2 = =W o e o W8 R o or W s 5 Wz
RS N LI N B == R R R o0 = 23S
oy ERYnmu b, Erwm D Wy DS g
R x %988 _wErRTS 2w, B OFagdg
w K Sy = 0B .ogog o WO Ko 3T ==
LN RO S o) Ko A OO o0 2 = @l o ol 0 0 s W5 m T
O . A0 < = _ - — _ & X o g M om0 00 2 O = Gl
33 o) _ L__m 2 5353 ad 35 g 3K o 5 2 S
Kr & Kl Wl & 8 =1 M0 Ul e - JJ 0 7 R
ATy P 0wl oop = 9 | — 0 — - 5 X = T
=S Ok 5 5 = o o N Hm N ._xm_. T o = o3 OF o R0
— h ] T —_ - - =
W . =5 R m_ﬁ_______a_ﬂgjﬁﬁ__mwol_q, LR
© o 5 s Wom N o= A B Ofk or RO gy R B %
RO gy & oW ool 8 & o ow S e Wz oz T K oK
r = £ = _— @ € R N e 1] [ S < A
= 8 A 2 ool W oy & f ° 5 < o g Ur = &o
mw o o REw m 2 © o M om0 Eﬂ K __.oorm T 5 . . I
2 8§ 35 o R = < K oo T _ o oD
.Mmmm %NEN,%ﬁAgg?aoa_lgﬁ%%J 2 5 o & o |
2 £ 3 =2 S oMo T om oy H K ° S 3 R . Mo
—~ 2 8 S g © F = = Ky L moad s =
m._ m £ 3 oF o > o B OMOW o o= - W0 0 0 J <o i mOA
Mo = g8 -z o m - 3 = Wl (I 30 FoY < oF o U =
M E@ 5 RU 5V DS RO mog o5 89
0 /M :g h/mw @.r___ ° & il o+ < S e - W sz o R’ 0 = T
< wmzET WEFfg_mg=a T DU o 0 g oo W
0l X i ol 0OH K _
e s - mBd o dmd <30 n - Rga
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2. Experimental Section

2.1. Materials & Instrument

2.1.1. Materials
1~10 mQ 2 M& gt= 2= n-type &c2lE HO0|H(phosphorous doped, <100>
orientation, Sitron Inc.)& M I|2t& & Al2}(Electrochemical Etching)S S8 & &&H
© 2 luminescent porous silicon sample(PSi)2 FHI|OIACH AIESIAUCH &I|SEA
2AE AIII| /st 2AE0 = hydrofluoric acid (ACS reagent, Aldrich) 2t &==8t
ethanol (ACS reagent, Aldrich)2| S&EMNS AtEotULCH FAAIDI1I] 28t Etching
cell2 Teflon cellS AtEotA LD, (HEF 0= platinum wire2 ()& =30= aluminum
foil= AMECIAMH, 2= SHGHI| ?I0tH 300W tungsten lampE LS ZAGHLCE.
£ SE(ELS)HMZ MEAESGH| f5t0 24AE O34 Aelz
= phenyl acetylene Aldrich-Sigma ChemicalsOl A = &St
O ALESIAC stsidibdz 888 O34 Ael23o =2=2Eo ZXE <Is
DNT(dinitrotoluene, 97%), picric acid (PA, 98%), and nitrobenzene (NB, 99%)&=
Aldrich-Sigma Chemicals | A —710'5}“901 TNT (trinitrotoluene)2 A EEO| =X

S 9ol A0S MMM SHOHACL?

r

e
30
H
fon
2
=
00
il
Mo
A

roh

2.1-2. Instrument

alel2 fOoIH HIIgsE oz 2 A(Electrochemical Etching)S  Al2|J] <K
Galvanostat(soucemeter2420)= 0| &0t LE &HE n-type TH3A &l2|22 UV-VIS
tEotH &=
elotdl ?ot:
FT-IR spectroscopy= diffuse reflectance (Spectra-Tech diffuse reflectance attachment)2!

AlS 0|25t Nicolet model 57002 O|E26t0 =3 olCH L2ZHAZ2 Perkin

>—

integrated analysing system (Ocean Optics USB-2000 spectrometer)=

BEADFE (reflectivity) 2 SHOIACH A2E BY REHO KPS =

Elmer LS 55(Luminescence Spectrometer)S 0| £3+0 =& oIUCH
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HF : EtOH solution

ST O R —" ’ O-rin
. . )

&« Al anode

e

Figure 17. Experiment setup for the synthesis of PSi.
2.2. Experiments

2.2.1. Preparation of Porous Silicon

1~10 mQ 2 M&= It n-type & 2lE H0IH(Phosphorous doped, <100> orientation,
Siltron Inc.)E M| 38t & A12+6H0] &4 8t luminescent porous silicon sample (PSi)S = H|
OtRALCt. Etching EME &= ethanol (Fisher Scientific)dt HF (49% by weight; Fisher
Scientific)2 1:1 RUIHIZ MZEGHAUCH I3t A A2 S HE B2 Teflon2 2 CHS &
etching cellOfl 212|2 H0ITHE 2x2 cm’2| H0l2 Z2t Teflon cellt O-ring seal AHO|
0l €2 = etching solutionS ROIIH HHON =2 = 300W tungsten lampE L=
FHN HE =2 0822 P22 platinum wirelll, ()& =2 aluminum foil0fl =2
HOIIHE S A(etching)otULCH MF2 HII2t ZEE princeton 363 galvanostat /
potentiostat® 2 50 mA/em’0fl 152 Al2GIQUCH 24 A2 &S 48 £ os
S22 MHESLD Ol22 HAZ HAXAIIN, 1A2F 8% 22 SHOIA PSiel pore 0l

g0t=e === MH otALhL
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H
l. .
2Si+6HF+2h —>/s|1\+stlF6+2H*+1/2H2

Porous Si Surface

scheme 9. Chemical eqution for the synthesis of PSi.

2.2.2. Process for surface Derivatization of Porous Silicon Samples

Cl24 Algl2 EHH0 U8 S X SHderivatization)”'” & HANZA S220t=
U2 QG AR 2ACH PSiQ EEHES A2|2-5t0IS2t0IE(Si-H)2 B2
S USM, OIZH Si-HE SZE PSiel EHZ2 Atg) ‘:'._%(omdatlon)()ﬂ Q12 GtHLY.
dHEZ 0lef& PSi HHe HNMAE =010, LIEZ YeEs ZLU20 et EX
SHHE R &= JUTSE PSie HUE 24 RIS 22 RS otRULCH
Hydrosilylation BtS& AN 3JtXIEZ UECh L= 0lE8 photolytic hydrosilylation
t, €2 0l&8t thermal hydrosilylation, Z0iKIS

]

=

0| &8t catalytic hydrosilylationO|
Ct. Thermal hydrosilylationS AIEGIRE [, hydrosilylated psi2 2 Z240| Jt&

f

$0

O

=

£, FT-IRE 248 ZUE alkane?l HS=S UEHUH= v(CHx)2 SEHHO0l 2 2

AL Olefst Z2HE EUE =301€2 LIEZ HeE 2

i

= SgEs SN &
& hydrosilylated PSi chip2 25 thermal hydrosilylationS AF&E3t0 &4& ZI{& 24
Ol Ct.

Paa

Xy
10
ke
B (]
30
H
Hu
>

I0

n
o
&
g
oo
8
<
a
5
I
N
>
N
O
re
r
Bl
>
v

2
Ch €8t 024 Ael2 &9 42 300 mA/m’ 0l 522 etchingdt
MIJIE 3AA & 0lR= porel Z0IE &1, AJIE AA St 2K
d A

0
Jl /Ag0IC Osd &2 8= gdet = tEg=2 MEot O

30
rr
g
o
i
10

Ol

i
S
5
HU
¥

It

=
N\

N m

ZAIZIH, 1A12E 3= 22 ot0lA PSi2l porelll H0IUAE S ===

2
N
ol
3%
a
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2.2.3. Synthesis of TNT (2,4,6-trinitrotoluene)

TINT &42 2230 AldrichOlA F20iE DNT analytical grade (3g), sulfuric
acid 22 mL)2 £ &0l LI 20l ice bathdtOl M nitric acid (6 mL)E & &3l
OB T2l 90 TE SXI6tD 3AI2F S0F JIY 8 & overnight (25 C ALEH)GH

=
0 230l ALY HIAHO Bt =22 €0 AW otALCH OIEH &4 TNT

LIEZ U&= 31822 X560 96 LE2 U= 3829 I 20=
SO B4 RIIE ARSIYL, flowmeterS AFRSI 2D(0 2ie XX, =XHGHY
Ch LIEZ 98= 31822 U-UE S2/200 DA AEHSl DNT (0.4 g), TNT (0.4
o), PA (04 g), MX AEHQl NB (03 mL)2 €1 Q2502 20t LIEZ YEE
slar20 =10t =X & UK LXIGHACH

ol

Y ZUE EUz g4ds O34 el

r
ik

S 0185t == X

i

tOd

=g <
2H2d =HZ Ocean Optics 2000 spectrometer® =& OFA 1), excitation source=

HU TIr O

blue LED (Amax = 460 nm)E sample2] HHON 45°2] 2& 2 H|ZFO optic probe

tA E} S0E Htol 2 otH
DNTO| ZJ|2f (vapor pressure) 25COHIA 200 ppb0l 2P TNTS| =) 25 C
OlAl 4 ppbOI{™!, NBSl ZJ/2& 25 TOIA 420 ppmOICH EXl= &20AH 4

PSi2 11 photoluminescenceE ZEHE £ U

o]l

SIIE AEctH SEIULD, 22 A2AX2H42 I8 PSi &S AZotLCh LIEZ
deE otg=22 B M0l PSi chiplil SJIE 302 HBUH =20 S22M PSi

=
=
of HHAHS =0 B AIE GIUCH AAE HE REHO RLE =HOIGH| P

ot FT-IR spectroscopy= diffuse reflectance (Spectra-Tech diffuse reflectance
attachment) 2 &S 0| &3St Nicolet model 57002 O|&3dt0{ =&SHRULCE FTIRL =2
A2 transmission modeE ALEGIA L], spectral resolution® 4 cm-1, 2 Xl

500 - 4000 cm-10|C}t.

SR
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INitroaromatic,
(Compound!

Figure 18. Photograph of experimental setup for the vapor sensing.

Light Sources
{¥hite or UV)

USB2000
Spectrometer Computer

. optic fiber

T —
Optical Table

Pump

Figure 19. Optical bench setup for obtaining the optical properties of Porous Silicon
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3. Results and Discussion

LIEZ $eE S22 NO, A8 &l &8At 2= & =20I0h 2 =20lM=
B2 HEEZ JHEl Porous silicon(PSi)2 0|&ot0, MRS 20! PSilIM MR
= 2HASH0 ZYUSZ MIIF 0ISE2ZM PSitll M= 249 24AE =3
ot EXIct= 240ICH.

Porous silicon(PSi)2| HEHO0 CHst S =M 3t (derivatization) L dANZe sE2
SIS 200M SRS D UACHL =48 PSiol EHES A2|2-5t0/=2t0l
S Si-HE SZEHA UKL Si-HE SZE PSi HE2 ZJ| 52 &A% =Z2
Ol QA AFSHEFS (oxidation)f] B12tst H&FE2 g =L

Sel= 0le1gr psiel HEO otMA =H HE (lifetime) s2S =011, LIE
2 geE ZYE0 et EXeH £ =2 = JEE pSiol H¥sS &34 ||
et2e M ot

I S0l =% MM =Setdst O34 4Acl22 HMHES  thermal
hydrosilylationE S FEXSt2] {2 E transmission infrared spectrum (FT-IR)E &
of ZQIGHRULCE Figure 20= Al2tEl O34 AclZ2 FT-IR AHEFHO|CE Figure 20
(A)YE Sot0 2086, 2115, 21382t 914 ecm-1H M Si-H, Si-H2%t Si-H32| Alf XSt
o8 dsSS =g £+ UCH A2AE O34 Ael29 HHES phenylacetylene@ 2
FEMSBIAIZIH Figure 20 (B) &2 Z2UE 2 == UCH Silicon-bound vinyl2

15733t 1603 c¢m-1, phenyl2 14503t 1495 cm-1, aromatic v(C-H)= 3066 - 3035 cm-1,

—

—

silicon oxide 1100 cm-10IA LIEFCE

Freshly etched PSi(50 mA/15 min)0l blue-LED (A max =

A2 (Amax = 704 nm)Nl A
at 25 C)2 NB= 30x% SO0l 41%2 AZSUE
al2|2 &0l 4 ppbl TNT SIIE 30252t XIS

cl2 &2

pressure=8 ppt at 25 C), J2l1)

_50_

(/]2 ot DNT (vapor pressure=
TNT(vapor pressure=4 ppb at 25 C)2

=
e

460 nm)2l OIJ| A S

22 [OJF LIEFSHCH 355 ppm (vapor pressure of NB

S RACE Figure 21 (A= CUS4H
OtALh. Figure 21 B)= Chs4d &

200 ppb at 25 TC), PA (vapor
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9
Q

400 nm - 900 nm AFO|UIA ZZEHEO| H N (area)2| Xt0lZ LIEFLH

Figure 22 (A)OI Al phenylvinyl2 H=H R&XHS & O34
25t blue-LED (Amax = 460 nm)2 D] OI&ES FUAS
677 nm)Jt LIEILID), DNT, PA, alf TNT SJIE€ =
A0l phenylvinyl2 HH |SZHMatotdsS I 20 2
Figure 22 (B)2 30& S92 phenylvinyl2 EH REHMS & C
JIE€ 20 =HAM UV-lightt Amax = 460 nm)2= & =
photobleaching@ & ©QI&t & £ 45O AHZg AFSIUE [ ot £
400 nm - 900 nm ALO|OIA ZHZHEHES] H=EH(area)?l XtO0IZ  LIEHA
Hydrosilylated Psi chip2 LIEZ Z&X stet=2 €KX

£ 302 S HU0 =0 Z2ZM PSi chip?l LS =0 = AME ot

b
n
rH
ik
nio

t
S
i
ald

= 0
>
=
o
<

=
==
mlI

1l

N2
4
e
Y
I
0
ro

Mo »y Of
10
Hu
e
08
02

12
wone
o 1>
= 30
a

=
8
f o
0B o
0x OF o
Mo 0x
0oy
0%
o
09 sy
|0
e H oy

2 o
a

o
=
g
o

=
o

10
da]
2
=
0B
9

i

B

& Al2t2 TNT, DNT, PA= 302= OotACh Hydrosilylation Al2! hydrosilylated PSi
2 LIEZ 2= St&2 (TNT,DNT,PA)Sl EXIE 8t hydrosilylated PSi chip2l A&
S = 302 SO0l TNT (39%), PA (28%), DNT (25%)E OtACh. Hydrosilylated PSi
o ZJ12 460 nm2 LEDO| st Ot S, = ZI|2 460 nm2 UV ot0fl CHst A2
SE 302 SOl Hel HEIF A2, SI12 UV-lightofl Cioll 2 &0l o+ &
As g€ = UL
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Absorbance (A. U.)
JE
o

3500 2500 1500 500
Wavenumber (cm)

Figure 20. Diffuse reflectance FI-IR spectra of (A) freshly etched PSi, (B) phenylvinyl
derivatized PSi.

T ???

N N NU. N N = (— S R R T N
S‘l S‘l S‘l S‘l + Ph—C=C—H Reflux 4 hrs Tl S‘l Tl

Scheme 10. Hydrosilylation of PSi surface with phenylacetylene
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4000 ‘ T
(A) :
I —&— 0 min _
-E— 5 min
- — 10 m!n
3000 s s oA

1000

0 | |
550 650 750 850
Wavelength (nm)

1 \
R
\:_: .
-~ —~——
0.9 - i LT
~— -
.. e
\"'-—
0.8 T
ot
-~
[l
0.7 e
0.6 -
—e— TNT
-=— PA
—+ — DNT
0.5 | I I I I
0 5 10 15 20 25 30

Time (min)
Figure 21. Steady-state PL spectra of freshly etched PSi showing the quenching of PL
that occurs on exposure to about 4 ppb TNT in air stream (A) and variation of I/I0 as

a function of the time of exposure to DNT, PA, and DNT-saturated air (B).
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Figure 22. Steady-state PL spectra of phenylvinyl derivatized PSi showing the
quenching of PL that occurs on exposure to about 4 ppb TNT in air stream (A) and
variation of I/I0 as a function of the time of exposure to DNT, PA, and DNT-saturated

air (B).
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Figure 23. Decay profile of PL for the freshly etched PSi (blue)and phenyl derivatized
PSi (red) under the continuous imadiation of 460 nm LED (35 pW) excitation

source.
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