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Abstract

Detection of Explosives Based on Silicon

Nanoparticles

Song, JinWoo

Advisor : Prof. Sohn, Honglae, Ph.D,
Prof. Cho, SungDong, Ph.D.

Department of Chemistry,

Graduate School of Chosun University

Synthesis and characterization of alkyl—capped nanocrystalline
silicon (R—n—Si) have been achieved from the reaction of
silicontetrachloride  with magnesiumsilicide. Surface of silicon
nanocrystal has been derivatized with various alkyl groups (R=methyl,
n—butyl, etc.). Silicon nanoparticles have been also obtained by the
sonication of luminescent porous silicon. Former exhibits an emission
band at 360 nm, but latter exhibits an emission band at 680 nm.

Over the past decade there has been considerable interest in
semiconductor nanoparticles for their interesting properties resulting
from the confinement of carriers in all three dimensions and for their
possible applications in electronics, optics, and sensors such as a diode
lasers. Semiconductor nanoparticles, or quantum dots, represent
mesoscopic materials which have physical properties between bulk
materials and molecular compounds. Synthetic routes of II—VI
semiconductor nanoclusters, providing control over the size and the

surface termination are well—developed. Alivisatos' group derivatized



the surface ofcore—shell nanoparticles, CdSe—CdS, for the use of
biosensors. They showed that these nanoparticles are good candidates
as fluorescent biological labels for biosensors, but there are still
unsolved problems converning on the hazards issues in the biological
system because of the requisite heavy metal element. For this reason
silicon nanoparticles would be an excellent alternative, since they are
biocompatible. However there has been little advancement both in
synthetic methods for the production of group IV nanoparticles and in
their uses for biosensors and biocompatible materials.

Also detection of nitroaromatic compounds is desirable since there
are approximately 120 million unexploded land mines worldwide.
Detection of nitroaromatic compound based on adsorption into
polymers has been reported. Chemo—selective polymers on
SAW (surface acoustic wave) device, cyclic voltammetry using gold
micro—electrode covered with non—volatile electrolyte, and organic
polymer has been previously reported to detect TNT vapor.

In this study very sensitive detection of TNT
(2,4,6—trinitrotoluene), DNT (2,4—dinitrotoluene), NB (nitrobenzene),
and PA (picric acid) has been achieved in gas phase with porous
silicon using photoluminescence quenching of the silicon crystallites
as a trans— duction mode. Porous silicon are electrochemically
etched from crystalline silicon wafers in an aqueous solution of
hydrofluoric acid. We have characterized these silicon nanoparticles by

Luminescence Spectrometer (LS 55)



I. Introduction
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N-PSI 15.0kV 11.8mm x400 SE(M) 8/23/04 100um

Scheme 1 . Photoluminescent silicon quantum dot in porous silicon.



I. Experimental Section

1. Sample preparation and Synthesis methods of PSi nanoparticles

Porous Sit= 1950 the] Uhlire]l o3&l Ae2 © A4S electropolishings dtth7t
#4590 2847 Scheme 291 it} ol& A ZYolHE BAF folo] E1
£ YA AgEs HAATIE Add Agdeln g gL Fee 4

of wagtt & AFAHANE electropolishinge] Yol 7% g2}

A stollAe FAREEol ol oA 7F (pore) S FAE7]  Alet
.(Scheme 3) Pore? Z7]& 5
o TeF A7 g A TN E-EZ H7E dopant®] &, HFY <, 1
carrier type (n, p)oll Bl Pore F2& WS Fe TUAE Ak

AoF 100 M¥Yg o9, 50-80% ALY =& thzAdS zh=t}

]I

L
:m

l¢]

lo
O

Ald

o

-1 v o
2= nanometer9A] 4 microno] ™, o= 7|38

|

ofN

B
-

=i

H

e
2=

O-ring —

Si Wafer -

Al Contact

Teflon
o —

Scheme2. Experimental setup for the synthesis of porous

silicon.



Scheme 3. FESEM image of fresh porous silicon.

= 1-10 Qen?d AFES 7F4 n—-type A 9] (phosphorous doped,
<100> orientation, Siltron Inc.)& #7]3}8t4 FAsto] A0 2 (Scheme 4)
luminescent porous silicon sample (PSi)& H]SFTE A 7]3}8k2 H2] gHAduby
& Teflon®® o] etching celle] A& do|HE 0.2 ard HolZ #et
Teflon cell?} O-ring seal Atole] Y& % etching solutions o] xHd F¢
% 300W tungsten lampE L FHA +4=S 0-3oZ T platinum wire
o, —d5<& aluminum foile]l &2 olHE F4 (etching) 33 th (Scheme 2)
etching €92 4 ethanol (Fisher Scientific)¥} HF (48% by weight; Fisher
Scientific) & 1:3%2 4o =31, A7 A7 242 galvanostat® 2 50 mA/crf
of 60%< etchingdtith. Porous silicon chipd 34 F o&2Z AlZ T N,
gas® samples UZXA F flaskel] Wol IAZYE 7HSE skellAq PS¢ poreol
ol S BEEES AA Gtk ol PSio W75t ek K4 34 W2 Scheme 4

o LFeRf ATt

H
| :
2Si+6HF+2h* —> /sl,i\ + HSIFg+ 2H" + 12 H,

Porous Si Surface

Scheme 4. Chemical equation for the synthesis of porous silicon.



Arstell A distilled toluene 120 mLs FY3tal 3A1ZF JEE ultrasonic
cleaner®] Yol sonication AZth. 229 PSi nanoparticles™ '2 A& 4
21 2 t}.Scheme 5

783 UV Lights F8& o $3s doA 2 A9 4 daksit,

Scheme 5. Sonication for silicon nanoparticles

2. Sample preparation and Synthesis methods of Butyl—capped

silicon nanoparticles

Bu—Capped Si nanoparticless 3% (Scheme 6)= &34 T=E3ith =
Sol=Gel¥Holth, WA Alek2 AldricholA Fv]gt semiconductor grade
SiCly, MgsSi, (n—octyl)sNBr (99 %+), n—Buli (1.6M/Hexane), diglyme
(99.5%) , HPLC hexane2 A}&-3it},

el (n—octyD)sNBr (0.06 g) 3} Mg.Si (200 mg) o1+ ZA=e
diglyme (30 mL)S ¥ t}2 ice baseo| AAAALES Y dgl1 o8
degassing= 3t th. 18] a1 SiCly (0.4 mL) F9Y 3} reflux condenser< &
Zhekal 36417 SHRRES SHTh thael AW 2k shellA A7l Fof
n—Buli(3.32mL) & T3ttt 24417 &= wHk 8}al evaporations ¥ $

tHA] hexanes T3k}
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¥l 522 Bu—Capped Si nanoparticles F=317] a4 separate
funnel® A&t} HPLC water®} hexane 5°| #8531 o8] 2}#] work—up
Stal thA] Fo] | EH o2 W water® salts A A & Hexane 5= o
o}4] thA] evaporationst$i t}.

T2]31 A] hexanes Tsto] & sklth o] A4S Yang, C. S.; Bley,
R. A.; Kauzlarich?] =42 |33l th.

213 LS 55(Luminescence Spectrometer) ©l &J3jA =4 Jt}.

Cl| cl

cl
. . Diglyme ¢ “ n-BuLi
S|C|4 + Mg,Si T’ g ————>

Cl

Cl Cl
Particle Size 2.5nm

Scheme 6. Chemical equation for Bu—capped silicon nanoparticles.

3. Syntheses of Nitroaromatic compounds

Picric acid, DNT, NB, TNT% ¢ YE=Z 3= 31352 (Scheme 7) nitrobenzene
(NB) (99%, Aldrich) , 2,4—dinitrotoluene (DNT) (97 %, Aldrich) , picric acid
(PA) (98%, Aldrich)E AM 819131, 2,4,6—trinitrotolune (TNT)& AEAejA] 2k

& 4 ste] AF319 " (Scheme 8)
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Hs
NO, NO, NO, ON~_I O,
H3C e |
N
O,N ~ F o |
N
2 N02 N02 2 N02
1,3,5-TNB 1,3-DNB 2,4-DNT TNT

NO,
H3C\ P N02 I

\/?\/ NO2 Eoz O:N \)N\ _NO, N\
U IO GAR

O2N NO,

2 N02
RDX Tetryl or nitramine HMx

No2
PA

Scheme 7. Chemical structures of common high explosives.

TNT &2 Z2kAAel AldrichellA] F+ul¥l DNT analytical grade (3 g),
sulfuric acid (22 mL)& Y1 o] W] wef ice based}oll A nitric acid
(6 mL)& A3 =43t 18]a 90 Teoll 3A]%F heating$t ¥ overnight
(25 CTAHD st Aol Az Hlﬂoﬂ Hhe &= ¥l aspiratorE ]85}

o] filteringdte] Atk A2zl W-gE4 S schlenk lines o]§sto] ¢33
22] 11 methanoldll %13, Ei}’z}Eﬂ{;} GE B 35 AT W% wAste] A
4L et 23] Hd cannulationdf A HS FAS T2 ZetAA o

% A]7] 31 schlenk lineS o]&3}o] £33 W},
723 TLCE ol €38t TNT 75 €74 & 5 ASdth

> \j\
HeC H,S0,, HNO, ~NO2
A 90T ,3hours ‘\)

NO,

A

No2

Scheme 8. Chemical equation for the synthesis of TNT.
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4. Photoluminescence measurement
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Spectrometer) o] ¥l A5 w o] vzt A 7]1E LERH Ao,

II. Results and Discussion

1. Emission characteristics of PSi Nanoparticles and Bu—capped

Si Nanoparticles

g 1-10 Qemd A 7FA n—type AlE dolH (phosphorous doped,
<100> orientation, Siltron Inc.)& 7|88 F-Aste] T OE luminescent
PSi Nanoparticles2 A9 Ao Yo (3 mL) #HsF3 2 LS55 (Luminescence
Spectrometer) 3 1=345 nmes TUE W 1.,=650 nmolA| peak”}
-2t} (Figure.1)

1200
1000
800
600
400
200

FL Intensity

490 590 690 790
W avelength(nm)

Figure.l PL wavelength of PSi Nanoparticles.

w3t s ¥l Bu—Capped Si nanoparticles& 49 Ao €o](3 mL) #48]3}% 1
A

LS 55(Luminescence Spectrometer) 34 1.,=310 nmS TI= W

_13_



em=360 nmolA peak”} W2t} Figure.2

3 8 8

FL Intensity

0
310 340 370 400 430 460 490 50 550

Wavelength(nm)

Figure2. PL wavelength of Bu—capped Si nanoparticles.

2. Photoluminescence quenching by nitroaromatic compounds.

2—1. Mechanism of partially reversible quenching of photoluminescence.

UEZ WS 3et=2 NO, I5< 7H Az 75 g3t&o|t
B eRoMe W3 AE 714 Porous silicon(PSi)& o]43to], AANF 3HgHEQl

PSi nanoparticleso|A AARE F4EZAQ FHHEZ A7t o] 5o 24 PSid

2E
Ae BREY s S48 gAss 2ot (Scheme 10)
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Photoluminescent
PSI

Photo- Surface State CB _—
i ~ Trapping/ )
fuminescence 4 i) Trornivl — ] Quenching PL
hv
A* v
Interfacial
Energy L U M o

Transfer

VB

Interfacial i
&ox Transor o
UV light in ——— HOMO

Scheme 10. Quenching mechanism of PSi nanoparticles.

2—2 Quenching PL Spectra and S—V Plot of PSi nanoparticles

for explosives.

254 DNT, TNT, PA, NB & 77} &4l Toluene®] 4o
S 1L Silicon nanoparticles= 4149 Aol 3 mlE Y&t 19
Mol AlE 33 X3 PSi nanoparticles®] Fd%= F74

al
. = "o tjgt photobleachinge]t} 7] Aol st @xPH S ot
(e}

D

=

+

LS 55 (Luminescence Spectrometer) 7]7]°l PSi nanoparticles= 41 4
of Y1 HNE we] w2 excitations 345 nmolA F£81S W 650 nm =
oA peak7} w2t wAstaAt dh= £ EH(PA, TNT, DNT, NB)&
micro syringe®| 30 uL& FHaA =
TgA A =4l g quenching®

o}ﬂ, _1_>C,r
o
o

w8 oo} 2 4 gtk

D Quenching PL spectra for PA
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1200
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Z 800 ——100ppb
S 200ppb
(0]
£ 600 300ppb
T 400 —— 400ppb
—— 500ppb
200
0
490 590 690 790

Wavelength(nm)

Figure3. Quenching PL spectra for PA

PAS 0 ppm ~ 500 ppm7HA] 8] F =& &= PL 7]7]ef ¥ a1 #-4]

Jefzolty. PA 100 pmm ¥ 3= ® 7.2%, 200 ppm & = 10.0,

2 o] 14.3%, 400 ppm & w 20.8%, 500 ppm 4 @ 26.6% H

St o] A& & w o] #AL2 static quenching process®| gk
(e}

o
om AdAd #AYd= & 5 3t (Figured)

¥ Mo

o 1

o =3 ﬂ.l-lﬂ

g W B L2

yo M
ol

w
o
S M

b

A
to rlr

O]

Y

@ Quenching PL spectra for TNT
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1200

1000
—— Oppb
§ 800 ——100ppb
S 200ppb
[0}
£ 600 300ppb
T 400 —— 400ppb
——500ppb
200 PP
0
490 590 690 790

W avelength(nm)

Figure4. Quenching PL spectra for TNT

A1EQ TNTE O ppm ~ 500 ppm7HA| 8] 555 Al = PL 7]7]o] Wil &+
T3S wjeo] &zo]jtt. TNT 100 pmm 922 W 0.5%, 200 ppm & uj

10.0, 300 ppm & W} 13.9%, 400 ppm & W} 17.5%, 500 ppm & W 21.9%
oA = A& & 5 3t o] A4S & o o] |4t static quenching process©]
g HAs g e ﬂ“dﬁilﬂ@%%? 2l t}. (Figure4)

® Quenching PL spectra t for DNT

1200 r
1000
> —— Oppb
2 800
2 ——100ppb
£ 600 200ppb
. 300ppb
o 400 — 400ppb
200
0
490 590 690 790

W avelength(nm)

Figure5. Quenching PL spectra for DNT
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=]

+24E<1 DNTS 0 ppm ~ 500 ppm7+A] 8] 5% & 2td|=2 PL 7]7]o €l &
A& el ez eltk, DNT 100 pmm ¥ 9lE w 0.4%, 200 ppm ¥ ® 0.5,
m & o 8.0%, 400 ppm ¥ @ 10.01%, 500 ppm & wj 12.74% 4
Bt} o] RS & o o] @42 static quenching process©| =
o

o
A= =
s &g don A4 wAd S & 4 Ut (Figureb)

@ Quenching PL spectra for NB

1200
1
000 Oppb
2800 —— 100ppb
C
< 300ppb
T 400 —— 400ppb
200 — 500ppb
0
490 590 690 790

Wavelength(nm)

Figure6. Quenching PL spectra for NB

WA E<Q NBS 0 ppm ~ 500 ppmZ7kA] 2] F55 22| PL 7] 710l ¥ il 4]
P& wfe] 2 =Zoltk. NB 100 pmm ¥ 3& v 0.4%, 200 ppm & v 7.78%,
300 ppm € W 9.54%, 400 ppm & W 11.74%, 500 ppm & o 12.94% =
AA &= AE & F Stk o] RS & wf o] A4S static quenching process©] 2k

=8 ok 22 glom A A #wA AL o 2 ut (Rigure6)

(® Total S—V plots for explosives
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wzz>
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(lo/)-1
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N
0

Figure7. Quenching efficiency of PSi nanoparticles for nitroaromatic

compound (TNT, DNT, PANB) under Ax=345 nm.

9 data:z AAAOZ 2% g8 ALE JeEYE= & X
= A EE PA, TNT, DNT, NB £0. % 5= A& o

oty 2% Efo

o

2—3 Quenching PL spectra of Bu—capped Si nanoparticles for

exlosives.

@O Quenching PL spectra of Bu—Capped Si nanoparticles for PA

1200 r
1000
800
600
400
200

0 s
310 340 370 400 430 460 490 520 550
W avelength(nm)

FL Intensity

— Oppb
— 100ppb
200ppb
300ppb
—— 400ppb
——500ppb
—600ppb
—— 700ppb
800ppb

|

A
=

5]

Figure8. Quenching PL spectra of Bu—Capped Si nanoparticles for PA
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Aex=310 nmolA RS W 1.,=340 nm F =X peak”} }-2t}. sFA] Tt

PAS ¥SlE Wl 2%ude] A9 dejupx gh=th uelx INT, DNT, NB ®@
23gao] dolu gkaby) W] W ¥ $7h T
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