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Abstract

Detection of Nitroaromatic compounds using
Polysilole Nanoaggregate and Polysilole-Si0O:

colloids.

Jung, Dae-hyuk

Advisor : Prof. Sohn, Honglae, Ph.D,
Prof. Cho, Sung-Dong, Ph.D.

Department of Chemistry,

Graduate School of Chosun University

In recent years, photoluminescence polysilole has been a topic of interest
because of ther unusual electrical and optical properties. It is also reported
that silole—containing polymers are selective chemosensors for nitroarematec
oxidants,including TNT.'?

Detection has been achieved though fluorescence quenching of the silole by
the electron—deficient analyte. The luminescence of silole is due to a O*-T*

LUMO stabilized though conjugation of the o0* orbital of the silicon chain



with the m* orbital of the butadiene moietyg. The selectivity of the sensor is
due to the helical structure of polymer, which permits the intercalation of
planar nitroaromatics® . Recently,it has been reported that colloidal
suspensions of methylphenysilole may be prepared by the rapid addition of
water to an ethanolic silole solution and characterized”. As most

7
, such

nanopartcles characterized in the literature are either purely inoganicsf
as semiconductor quantum dots6, or purely organic (e.g.,carotenes8 and
dendrimersg),the silole organometallic nanoparticles are of particular interest
for their unipue photophysical and structural properties, as well as their
sensor applieation.6 Fluorescent inoganic quantum dots have been shown to
be wildely useful in sensing applications.lo’”

This paper describes the potential wutility of luminescent polysilole
nanoaggregate in sensing applications. The aggregation of highly emissive
organics and polymers into a solid state causes an emission-quenching
effect, since the aggregation of molecules forms less emissive species such

. 12-13
as eximers.

Reduction of emission efficiency in solid state has been a
major problem in device applications of light-emitting organic molecules.
Many attempst to prevent aggregate formation have been done through
chemical, physical, and engineering approaches. In contrast, few results on
aggregateio—induced emission(AIE) properties have been recently reported.
For silole solution in pure THF, the photoluminesecene(PL)intensity is very
weak and the emission peak near 520nm was observed.” As increasing
water fraction, the emission intensity of polysilole aggregates increases
dramatically. An attractive feature of these molecular based materials is a
great sensitivity for the nitroaromatics.”

As DPolysilole aggregates are synthesized with TMOS(tetramethoxy
orthosilicate),

Polysilole/SiO: aggregates composed polysilole intercalated into a porous

silicate network have been synthesized. This polysilole/SiO; aggregates



exhibit similar photoluminescence intensity compared to polysilole
aggregates, but display greater sensitivity than polysilole aggregates for the

nitroaromatics.

OMe

Ph / \ Ph + MeO—S|i—OMe
Si

$Me
MeO OMe
n

PTPS/SiO, Nanoaggregates
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II. Experimental Section

1. Experimental Condition

E AdoMe EE FAH}AHI} A7+ Schlenk line techiques =
Vacuum-lines AMg3t9dom o2 72 dolA FAst gt Age A&
gt RE Aoy AF7| = Aldrich, FisherolA F+4stdon A3 Al&3l

2 E &1 (sodium/benzophenone® 7] 2447+ o] A4 reflux*] 7! diethyl ether,

]

THF, hexane, methanol) &< & A @A Distill A E5S o] &35t = A4 &
T3 SulE dojullth. e Age] AFE$ PTPS(poly tetra 2,3,4,5-phenly

=
silole)= =FoA AWiygd W= A Y Fluorescenece®} excitation

353 ot
Source Insbument : LS55 | Detoctar
Mode: ; g Type:std
Fluor i Piwwae: EL g Yolt:Auto
ExCon:0n Serial Number 63856 EmCorr:0FF
Ex. Mono 3 _ Em. Mona
sl Pk Es podienc ) A
S1it:10.0nm - 5it:10.0nm
: Filter:open
! clear
cutoff on)
Sampling Accessary

LS-55 Spectrometer

Schemel. Luminescence Spectroscopy Spectrometer
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2. All analysis material preparation

2-1 Nitro Benzene Solution 10ppm A%

Aldrich % 99%¢] Nitro Benzene& & A@AA A distill T
THF(tetra hydro furan)&vwl& AF-&3te] 10ppm FE & AE A x4
2-2 DNT Solution 10ppm A%

DNT 20g Aldrich % 95%% ol&&o £3]A 71 th3ol Schlenk-linedl 4
Cannulation ¥} Sucktion #4 & AAHAA &% 100%2 <39 DNT CrystalS
Ao 1S THFZ o] &3le] 10ppm =9 &9 A=x3%
2-3 Picric Acid Solution 10ppm A %

Aldridh =% 100% Picric Acid dd A= Fo] EAjste 2 Ay
Schlenk-line®l A1 Sucktion #FAL AHAA =H2A $£53 ETL 23
10ppm 2] Solution& A %
2-4 TNT Solution 10ppm #| %

(F e #ey stokR WEHatolA ARRSIEE WA ol dwh Aol A
200g Al = d7lel B A@dolA AA G

#F wuk FHo] MANE FepxAo] £4 DNT 3g, H:S0s 22ml, HNO;
6mlZ 7t7t E3eto] Hot Plate o] &3ke] 90°C #4113 thg 3h 719 @,
2 thgel o 24°C A= A8k Overnight(12 h o)) go}, o] E A whE o]
FES THFT S0mlE WAAZ §7]d FE vus AH7IE o]&5h
Filtering 3}o] & Qlt}. dhAIwk AR o} 2] A 2] DNTZF £ 437 o methanol
of §aAZl 3o WE X33l crystallization A7l th&o Schlenk-lineg
o] §38ko] Sucktion #A& 714 &5 TNT " H7F1
A vt TLC ¢ NMRS Hol Hozx =4 TNTES o 33t}
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| O,N

H,S0O, HNO,

90 °C, 3hours

™~

NO,

NO,
Scheme 2. Synthesis of 1,2,3,4,5-tetraphenyl-1-silacylopentadiene

3. Synthesis of Dichlorotetraphenylsilole.

= A HAuxEo]zl  Ax ™  Dichlorotetraphenylsiloled] =& TAIAL
Vacuum-lined ©] €3 Schlenk technipuesS AF&3t9 3 Ar 7}~ dtol A A
sy

Dichlorotetraphenylsilole®] &A1& 3}7] 84 o= 7}~ sl WA
diphenylacetylene (18 g, 100 mmole)¥ 3 lithium (2.76 g, 400 mmole)S Z 7|
72 ZHd 923 Ax%E  diethyl ether 130 mLZ o}2 3ol A 250 mL
A FebaAe] Yev. wwk 3 F =d HAHdEe] AVE 3084 %
a5z AlA A EHY # SiCl (23 mL, 200

o

mmol) & F7Fsto] A A HFe whg A7l Aol d o 74x] 30% A=

SWAAE Fol A A

B>
it

125 1S ether® 83 Y A7l T 12470 A % v s w2 X
AE A9 galo] FE ), o] &AE cannulags ©]&3Fo] of 22 3fol A

3} gt} o2 A A AA3 @ dichlorotetraphenylsilole Aol AW A
=

g zte AAor A& = Y. (Scheme 3)
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- 2equiv. Li
C C _—
— Et,0

Ph

sicl, / \
> Ph

freeze with 1iq.N»

Cl Cl

Scheme 3. Synthesis of dichorotetraphenylsilole

o) FFEE Aol wud whol ofa FAHHOM BE BBHA datast 2

(H, Sohn, R. R. Huddleston, D. R. powell, R. West, K. oka, X. yonghua,

S Am. Chem. Soc, 1999, 121, 2935-2936)

4. Synthesis of Polytetraphenylsilole(PTPS)

2 Ago] mAgty & 4 9= PTPS(polytetraphenysilole)E =&olA] HiH

nhof]l o) &] A AT vpRsIA 2 ZE 232 schlenk technics ©] €314 S
H ol=2 & 7l oA A sEE . PTPSe A S 3]  Schlenk lines A

Z 9l dichlorosilole 3 g (6.6 mmol)¥ lithium 91.2 mg (12.9 mmol)¥ 12 3¥

oF stHFwwt A7l & ZaAEol A liquid nitrogens AF&3te] 2~3 mLA %=

_16_
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/ éph“ Li, THF _ / \)(Ph“

Si 3 days reflux si
-~ \C| Meok \)n\OMe

Cl

Scheme 4. Synthesis of polytetraphenylsilole (PTPS)
o] tg=> Mol Had mpe] o] dAHoH o e E394 datarl W
ag kel A A ek
(H, Sohn, R. R. Huddleston, D. R. powell, R. West, K. oka, X. yonghua,
S Am. Chem. Soc, 1999, 121, 2935-2936)

5. Polysilole- Nanoaggeregate and Water— Fraction.

204 7] FHbR o] S5 A3 Y x7] % (NT,nanotechnololgy)2 A X 7| (IT), vlo] &
71 (BT) @ "gEojA 21471 #1139 AFddHP S 714 Aolgh= 7|0 &
of @tat A7yt AP Yok’ AFAA E F Je BA 277} 1)

ZulHol A Yrvw 2 HoEuA #ezEo]

o]

I

= E40] molarny AV|7ZHAR Zoldk Hawde &893 5450
W2 adE FAHAR dxevE A27]7F {9 s27F aeeh AddekA X
P9 A=z =24, 354, B4 S5 ddH=, u2 o]g e AR
SAES ol&dA dxvE A7 vdd Yedutol2ES FA T 5 e
7bsAdol AEl7] wE ot oo Fato] R Ao M Polysiloled A+
NA Y YAE Axs7] 95k Aldrich A% <9 HPLC Watergs ©] §-3}¢]
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gt 9l Aol FH55t
Pa, AbA o]y ZFRolx=9 HBAL olF = solvent compositionel 2] 3l
HEHol de=d Sdu Ee vE&ES FAA =Y 2EEt. 2 AgeA =
Polysilole 100uM/mol % %ol4 HPLC Water?} ©B] & S (polysilole : water =
10:90, 20:80, 30:70, 40:60, 50:50, 60;40, 70:30, 80:20, 90:10) W3} A|7]HA F &}
ARl Wste] FHIHAL o]y g HAANA 100-150nm Z 719 Y= FF AT A
A HAt e 24 A FHuoer B Ao e o]E Y#Ho] Nanoaggregate &+
Bt B AP A4 Ads A o= A 10uM/mol  F =9

NanoaggregateS A Z3}%

Ph Ph

Ph / \ Ph
Si H,0/THF
MeO’(/ \)\OMe
n

Scheme 5. Synthesis of Polysilole Nanoaggregate
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PL Spectra
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Scheme 6 SEM Image of Polysilole Nanoaggregate

6. Mixture Solution of Polysilole-SiO2 Colloids

Aldricholl 1 TMOS(tetra methothy ortho silicate) ¥2}2 Si(CH30)y T+
(Me0),Si & +H]stth o] EAE& o] &3to] 7]&9] Polysilole NAE Si
bonding MEHS Y& A FAsHA =W 7]=9 =Ho vl
Aol e bR ALY B3 Fd a8 2AES

ARG E o Al L Th Polysilole NA Aol A} A Hojytzo] o] AT
2@ Zldstel AlxzsAdvk AEe oA PTPS:TMOS=1:10,1:100 © =
100uM/mol 5% 5 PTPS(0.01g), TMOS 0.97ml, THF 100mlE <3} Hot
plate YolA4 1h A% Stirring 28 & sttt

_19_



OMe

Ph / \ Ph + MeO—S|i—OMe >
Si

A)Me H,0:THF
MeO A OMe

PTPS/Si0, Colloids
scheme 7. Sythesis of PTPS-SiO» Colloids

M. Results and Discussion

1. Quenching mechanism of Photoluminescence materials

B Ago A= ofe 38771 (UV-Lamp, Luminescece Spectroscope-55)5 & o] &
lo] Ag o] Alg3 F L3 mEA EZQ Polysilole ¥ 1 919 EAE9 4
ot wFAE A o]y EHELS 340-380nme] U-V e =%
9tS W Valence Band 7} Conduct Band 2 & #o]stdr o3& 3t 7]
g EoA o] Ade ZAH9 Nitro aromatic =R EZ thE ¥ =(Nitro Benzene,
DNT, TNT, Picric Acid) °]&# g da FZ3FE50o] FEAFNA 52 &7 F
ANA] Z o] &AH A A Vapor = A H A wf olel e Scheme 8 oA E
T Axe] Ar® weo A7t A W2 vhA] "olx = Ae] oyt ol A
A BEskEo]l ZhAI e AHT 4
Z9] LUMO Level & HoldA ®Hozx Az Aol dojuwir A&AQ
Static Quenching ©°] dojgdS ¢ F AAT. B AL ojzjg Fspshad d4ES
A Al ZFa stdoem ojn] B Hojzl PTPS # w34 1

£ TES Hu v adHes A6 AT
™ Polysilole SiO2 CompoundsE& #| &3} 3L

Silicon Nanoparticle ¢ dlx &Asted FHASE Fom 28e ooz

tle
iz

r
rie,

14 agst A7 eAEeE gAd o8 2B

= /1dez 934 8%

X
Polysilole Nanoaggregates #| % 3l 2
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Scheme8 . Detection Mechanism for Explosives

2. Compare with PTPS and Polysilole Nanoaggregate.

2-1. The Result of PTPS and PNA as Photoluminescence Water Fraction.

2 Age] AN Edolgtal & F 9= Polysilole Nano-Aggregates 7159 PTPS
aE2F AE Z 100uM/molel A HPLC Wateret &3 W& =2 (PTPS:HPLC
Water=90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 70:30, 80:20, 90:10)8}38} A
224 o] uEA7F 3 3gsdA Hydrophilic o] FWA 2718718 A WA
%F100-150nm 3719 M2 F=2ol= YA} A E7]o o237 th. & PTPS : HPLC
Water=10:90 2794 & 10uM/mol FZA ¢@d Y 3719(100nm) YA}

WA A A2 b 97 920 S5 38T A4 22 o
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AFAAE Wl Hlstel Y 9 et HAeW Bk e 23S T
Htks 4 &2 &9tk oFele] Schemell & Water Fractiono] 9]g @34 #sls
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520nmel A W& 1 Slit 22 = 3.9,3.9 oA AT

JlN

1000 ¢
a00
500 1
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340 450 550 A40
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Scheme 9 Photoluminescence Efficiency of Polysilole Water Fration
2-2. Stability of PTPS-Nanoaggregate for senseing Nitro aromatics
Bt A2 N8 HuA e 848 37 AT & 490

ExE o] E4S o839l Nitro-aromatics(NB,DNB, TNT,PA)E &4 37

| o
a7 HaA 7129 24 el EY v A FE EF oY 2dEs BAY
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2-3. Quenching Efficiency of Polysilole-Nanoaggregate.

d Ao o] EAMEHANB, DNT, TNT, PA) §&&
Polysilole-Nanoaggregate ¢ 543 5% 100ppm ¢ &4 A% 3+ t}L Figure
1 ARR oA 9} 7o LS-50 49 Ae] Polysilole-Nanoaggregate 3ml % Th&
ALo® 10W Ak Hoj 024 &4 kR4 77]d tig LAEHE AAg
Micro Syringe& ol &3t FAEAE 30 uLE st A3E #F 3oy 18

2HMEY A} Stern-Volmer Plot &2 o] 7 Nitro-Benzenes T3t 2 3}o|t},

(1) Quenching PL Spectra and S-V Plot for NB

—0
1000 et
—— 100 pph
800 200 ppb Stern-Volmer
B0 300 ppb Constant (K) =
— 400 ppb 1
400 00 ppo 8,720 M
200 —— 600 pph
0
400 450 500 550 BOD  BSO
Wavelength (nm)
0.06
0.04
Detection Limit:100ppb 002 |
D 1
0 100 200 300 400 500
ppb

Figure 1 Quenching PL Spectra Stren-Volmer plot of PTPS-NA for NB
A& 49l Nitro-Benzene2 Micron-Syringe(30 ul)E o] &3t 100ppb-600pph
Ho| AHA A4 o 2 AAsA ). Figure 1 & HHA FF3] Static Quenching

M

(o]

Process 7} €ojy+= AL & + o1 Polysilole-Nanoaggregate =& /3] A
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Nitro-Benzene 2] ©3] &A= 100ppb 2= 2345 AATh

(2) Quenching PL Spectra and S-V Plot for DNT

1000

800 ¢ Stern-Volmer
600t Constant (K) =
400 | 20,600 M1
200
o
400
Wavelength (hm) 008
0.06
. . . 0.04
Detection Limit:100ppb
0.0z
1]
] 100 200 300 400 00
ppb

Figure 2 Quenching PL Spectra Stern-Volmer plot of PTPS-NA for DNT
A E49 DNT 10ppm solutiong 100ppb-500pphE m}Z/IA &2 £AH o2 A3}

o o2 Qg 2FE- ) A%EE @S Figure 2 o4 4 g5lon ol= PTPS

M

pats

w2 Aol & 3.78 AE 2R FHol Hojds & 4 vk Eg o]H3 A&
Aol W3l Static Quenching Plote] AdA<e #AEZ & + dx & A=

100ppho] t}.

(3) Quenching PL Spectra and S-V Plot for TNT

600



wfujc} k129 ATA FEE] 7HASE Static Quenching Plote] Ad e AAE £

F vk 24 &A= T0ppb ST

1000 ¢ ) —Oppb
et —— 100 ppb
800 —— 200 ppb Stern-Volmer
300 pphb
s00 =
400 ppo Constant (X)
400 32,000 M!
200
u}
400 440 a00 540 G500 580
Wavelength (hm) oA
0.08
0.06
. . . 0.04
Detection Limit:70ppb
0.0z
D T T T T T T T 1

0 100 200 300 400 500 s00 70O 800
PRk

Figure 3 Quenching PL Spectra Stern-Volmer plot of PTPS-NA for TNT

(4) Quenching PL Spectra and S-V Plot for PA
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(5) Total Stern-Volmer Plots for explosives
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Figure 5 Total Stern—-Volmer Constant of PTPS-NA for Explosives

3. Compare with PTPS—Nanoaggregate and PTPS—SiO; Colloids
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3—1 Compare with PTPS—Nanoaggregate and PTPS—SiOz Colloids
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(1) Quenching FL Spectra of Stern—Volmer PTPS-SiO; Colloids For NB
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(2) Quenching FL Spectra of Stern—Volmer PTPS-SiO; Colloids For DNT
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Figure 9 Quenching FL Spectra of Stern-Volmer PTPPS-SiO, Colloids For
DNT

(3) Quenching FL Spectra of Stern—Volmer PTPS-SiO; Colloids For TNT
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(4) Quenching FL Spectra of Stern—-Volmer PTPS-SiO2 Colloids For PA
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(5) Total Stern-Volmer Plot for Explosives
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Figure 12 Total Stern-Volmer Plot for Explosives

IV Conclusions.
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