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Abstract

Detection of Explosives Based on Quantum dots

Kim, Beomseok

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

Graduate School of Chosun University

Detection of explosives 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, five CdSe quantum dots of blue, green, yellow, orange and
red were synthesized and various wavelengths were obtained according to the
reaction temperature. The synthesis of this CdSe quantum dots can be
synthesized quickly at once. And we have performed a detection experiment on
various explosive materials(PA, TNT, RDX and PETN) using the above CdSe
quantum dots. Detection of the CdSe quantum dots for the four explosive
materials is represented by the Stern-Volmer constant.

As a result, firstly we confirmed that the CdSe quantum dots of this
study were 38 times and 27 times better than the previously reported
sensitivities of organic chemical chemosensor and Il-VI group quantum dots
to TNT, respectively. Secondly Stern-Volmer constants for PA, TNT, RDX, and
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PETN were determined using CdSe quantum dots of blue, green, yellow, orange,
and red, respectively. In particular, the Stern-Volmer constants of the CdSe
quantum dots for PA RDX and PETN were found for the first time in this
study. Finally the detection rate of CdSe quantum dots for explosives was in
the order of PA> TNT> PETN> RDX, which means that the detection ability of
nitrate aromatic compounds> nitrate ester compounds> nitrate amine
compounds.
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Dve-modified silica Nanoparticles
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CdSe QDs
Detection Limit = 1500 nM
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1. Experimental & Result

Size-selected CdSe 2AIE Q| &A1

F
CdSe ZAES 42 JI&E0N Sk gdEsS SSot0 20 d2E gd Jl=

— o

ol Schlenk line techniques(#+&3Actol HIAY)S AISSIA2H, =X B X
A2 0t JIEE0 LNUE AOIZI 2ot 22 501 HHY AEH2 CdSe
AAES SHOIUCH JIE=0 2P B0E CdSe LAAE SHHYUYH2 R CHAG
Xgh, Y5 A4HEH MIAM BF, B2 2%, B2 A2t Cd £= Cdste s
of MXel XA, Se = Sestst=22 MMl XA, Se = SeststE22 =2 EHOI
U, =5 <Y, 202 7, == LYo Oet e O2ddttes As € = U
1, 229 Brg A0 et YA AR 2 AMAol ZSRIb CHYoHA D &9
AIDIO XEHOIDF en 1 or3 &4 HAY o Oet i 2120t H BtSat)l M

el HIE, CdSe 2&s

dEAII= LEol Tet

x
o
=
1]
ML
(LT
ol
A O0r
ja
T
o
o
&
D
I
5
o
e
X
Hoi
=
u %

S0l ZHTDI| S0ICH.

S A0l (Cadmium oxide), A& (Selenium), EcISEX
AT SAOIE(Trioctylphosphine oxide, TOPO) =2ell&H(0leic acid, 0A) ¥ 1-=
EHOI 4 (1-Octadecene, ODE)S ArE5H0] =2 3HALE.

1. Size-selective CdSe ZXNE &4

M2 IHESSSA0IS(cadmium oxide, 99.99%), A= (selenium, 99.5%,
100 mesh), EcISEZAEISAIOIS(trioctylphosphine oxide, TOPO, 90%),
Sdeldt(oleic acid, O0A, 99%), 1-EtOIMI(1-octadecene, ODE 97%) S22
AESIRLCH 2 A" AMEE=E E0=2 25 Na/benzophenone Ketal ZHHO=Z
Ol22 JtA GHOA =HIZIJACH. AJ19 KI| 20HES 022 JtA GHUlA
MEE AL,
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Cdo

0.025g
(0.2mmol)

{Octadecene (ODE)
5/ (SmL)

/

Oleic acid
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b
Heat220C

Growth Temperature

CdSe nanoparticles CdSe nanoparticles

Selenium Solution
Selenium (0.079 g) + Trioctylphosphine oxide 0.4ml (1mmol) > Dissolving

Dissolving Solution + Octadecene 2.5ml > Diluting

Figure 7. CdSe 2 X&EQ| S42tH
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—(D)
—(E) i
(A) PL: 460/ UV: 380
(B) PL: 520/ UV: 410
(C) PL: 571/ UV: 511
(D) PL: 600/ UV: 540
(E) PL: 563/ UV: 630

Allsuaju)

Absorbance
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Wavelength (nm)

Figure 8. MI=F CtA JtXl CdSe 2LX&EQl fluorescence, UV-Vis. Spectrometer

2 3AJ|Y CdSe LXNES ZLZ(PL), Z&=+(W-Vis) E&IIZ A0
=2 *8+°4E+(F|gure 8).
J12 gl o] =2 "= I d992 =JoI| ®ohM  U-Vis.

S
spectrometer(UV—2401 pc Shimadzu)E AI2oI¥ D, CdSe LXAES 2 LAAMHS

Jm
HI 0x =
Jzomo kA

ﬁ

=ZotJ| </ ol A & & (fluorescence) =32 luminescense
spectrometer (Luminescenece Spectra LS 55, Perkin-Elmer)E OIE5IALH. 24 E
D&% dit(hexane) 0= Bt siatg AEA HWHAM 58 EXE 0I856H0
Ntz ZHME = OAMSOHACH. 2 (fluorescence) =HO  AL=2E  CdSe
LA 5= 10u8/L01 HI&= 2SS s KAXAGHULEH,

= 20 AJIE CdSe 2AECSl & <&4d m&E=2 460, 520, 571, 600, 630
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nmOl2, 0 HE S AHEEZQ 380, 410, 511, 540, 563 nmOlA S=UE 2
oM & Mo SE=2 i* tEA Uz BrXI= g0l 50 nm ~ 60 nm &
UCH 2 &0 HE O JHX Mol CdSe 2XHE=2 220 X =201 460 nm

6%, 571 nmOilA 30.2%, 600 nmOl A1 30.4%, 630 nmOll Al

(@]

OilA 30.8%, 520 nmOll A 3

31.1%2 =2 24 === E/UL.

IT o
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2. Size-selective CdSe 2FA&E2 =&= 2K J|&
&1 20l M2 OE AJIE H= CdSe dNHE S 0180t ZEL= 2 &HES
=oALt

2nm 4nm 6nm énm

i

& © ®

Fermi level

CdSe QDs

Figure 9. TNTOl CHSt CdSe 2ZAt&E S| 2 X

Electron
transfer

LUMO
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HAHUS

BICHE MO THAM HASH AMEiel SR U (valence band)2t &XIF HIRIA
[Ue MM (conduction band)Z OIRUHA JA=sl, SRUA MEL 2te =2k 2
2SS S (band gap)0lct) otl, BI=MUA=E 0 & JHAF A0 2ol Btx
ME S42 UEUWI| =20 e S28 242 HAZC. BtEXe 0 e A
o ZHANl oY== UK Olae &28 L HUXI(EE W HUXE =2 A
g.)8 9 I MIIF SRU D] MEUA SE A2 LD, SE &L
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A(Picric acid) Xl &&

HPLCE S 100mLOl =0f 100ppm= BHE
100ppm M2l 10mLE FH o A 90mLE G M 10ppm2 2 =8!ILCt.

CdSe LA EH0| SUHU= HAIGHN PA(Picric acid) 10ppme 0t0|3=Z Alel
KNE Ol=oHA 30u mL & 5812 HIt ot ZXNAES AAl

Figure 102 2 9R0UAM &4E OX SF2 CdSe
&ol &t R0 PA(picric acid, IlAel&HE 2Xs A&
o2 I &0 et Stern-Volmer JcHEE FoHALEH.

Stern-Volmer &=9°| AJ|= Z& It =
OISR CH Ol UM AYs Ol LX&Es & =
29| He= CdSe ZXXE2l |0l et Ksv = 95,0

PA(Picric acid) EXIAl ZX&Q AJ0 et A2 &S OOIHSS AEH-=
O (Stern-Volmer) ZHAIZ 0/&st JefiZet 10 & AE-=H(Stern-Volmer

1) 3AJ|E CdSe
PA(Picric acid) & 0.1g
_I

00
>
02
nio
o
00
ro
-
O

o

02
>
0d ol

l0

~

At=2F2 ppt(Part per trillion)= Olotll HEE=E 2 22X SHE BEHFEU
Ct.
2 A2 JIE) ENDX %2 M22 Z 0|0t
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Quenching PL Spectra & S-V Plot for PA
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Wavelength (nm)
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460 nm 191,000
520 nm 177,810
571 nm 143,910
600 nm 115,580
630 nm 95,444

Figure 10. PA(picric acid)Oll CH&" CtA JFXl CdSe 2LXEQ A ADEH
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2) 3JIE CdSe LXES 0/88t TNT(Trinitro toluene) 2Kl &E

TNT(Trinitro toluene) 2 £ HPLCE =9 100mLOl =0 100ppmE SHE
<= 100ppm M2l 10mLE F oA EFA 90mLE oM 10ppm2 2 F8!ICt.

CdSe LYXE M0l SHJU= AGHU TNT(Trinitro toluene) 10ppm= 01013
2 ABXE 0IEHA 30u mL & b Gt 2 XRIAES AAIGHILC.

Quenching PL. Spectra & S-V Plot for TNT

i 1 b
600 A 0.6
wy A ._ =460 nm
- 0.5 A_ =520 nm
= &
© 400 |
%" 0.4 —5_ =600nm
5 00r _ A =630 nm
£ T em
200 | Sy O
100 |- 02|
0 —mli 2 ThE 2 i
400 450 500 530 600 650 700 01 L b
Wavelength (nm)

0 1 1 1 1 1 I
0 04 08 12 16 2 24 28 32

Molarity (10°M)
460 nm 151,410
520 nm 128,520
571 nm 94,640
600 nm 82,334
630 nm 74,315

Figure 11. TNT(trinitrotoluene)Oll CH&" CHA DFXl CdSe ZAIEQl AZ AHEH

2 Stern-Volmer =

Figure 112 2 A70IA Sda OX &7 CdSe dNHESS 0I20t0d HES

[—
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ol ZY=Z Z0| otLIR! TNT(trinitrotoluene, ECIOILIOIEZER2MU)E 2t K&
g AHESHZS LIEtWH Hegz 1 420 U8t Stern-Volmer JeHEZE F3oIULCH.
A= A28

Stern-Volmer &2 AJ|l= £& LA HIIE2Z 25 30l A
N Y& 0|20 £XES & = UC
= o]

Stern-Volmer &2 <

A

-1
Mol gts UL

OIM0 2801 210D CdSe LXAS TNTOH CHEH ZXIBH = 1.5x10° M 0l2t
SBR[ 15] O0l= 2£& mHAO0l 600 nm 2 CdSe LX&ES 0/25t0 28t &2
JOIH = aAgao 2 2&0| 520 nm@! CdSe LX&El AL 12Xl StAHIDL OH
S =0t 1x107 M 013t2] 2 XIBHHE 2 QACH. TNT(trinitrotoluene) EXIAl Xt
o AJI0 met AZasS OoIHatst AH g

]

&

-Z2M (Stern-Volmer) E™AS 0|2

Jde=er ol 2 AE-=20{(Stern-Volmer) At2t2  ppt(
2

trillion)= OIGHHl HEE= 2 2ZX SHHE 2H=RULL.
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3) 3AJIY CdSe LYXEZ 0|28+ PETN(Pentaerythritol tetranitrate) 2Kl 2!
5

PETN(Pentaerythritol tetranitrate) 2 0.1g2 HPLCE =22 100mLOl =0
100ppmES St= = 100ppm Mcl 10mLE FHoHA SFA 90mLE GollA 10ppmE &F
SIC}.

CdSe EIPNFS! M0 s
tetranitrate)10ppm2 0t0I3 2 AlEl

XNagsS &AL

HUA= A A A PETN(Pentaerythritol
XS Ol=26HAM 30u mL & 58S &HIF ol 2

Quenching PL Spectra & S-V Plot for PETN

600 T T T T
—— i =460 nm
em
= L —=—5_ =520 nm |
= &m
3
S 400} .
= L ——7_=600nm |
s 21 ——3_ =630 nm .
E em
200 ¢ L |
100 ¢ | l
T L]
ol e e °
400 450 500 550 600 | |
Wavelength (nm)
D L L L L
0 1 2 3 4 5
: o
460 nm 99,606 Molarity (107M)
520 nm 77,988
571 nm 51,231
600 nm 42.89%4
630 nm 33573

Figure 12. PETN(pentaerythritol tetranitrate)Oll CHSt ChA DJFXl CdSe A& Q|
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2 AHEY 2 Stern-Volmer =

Figure 12= 2 &7 0A &&E OAd EBFS CdSe LNESS 0180t IHE
235t ZEUSE =2 GtLEel PETN(pentaerythritol tetranitrate, HEIEHOI2IEZ]
£ HECZULIEMOE)E ZXE A& AHEHS LIEtH Aoz 1 420 CHE
Stern-Volmer =S FotACH

Stern-Volmer &2 IAJ|l= &AM AIFS 2 Ot&EIHXNZ2 2 OIHE0l St
OZ ZAE 0| HXe= 212 HOGI™2H 0l AN HHs o2 Lxes

g = ULt

Stern-Volmer &t=2| 2= CdSe 2ALEC2l AJI0 Ot Ksv = 33,000~99,000
}

= Cl
AN 22 Stern-Volmer &=== TNT LI
2 £ A=dl Ol nitrate-ester(LI0OIE
nitro—aromatic(LIO|EZ2YEIE) &2 20 2% 2820 80 2X 201 €
Al= MAS & = QAL

PETN(Pentaerythritol tetranitrate) EXIAl LX&E2l AJ|0 et 2ZSHAS
ClOIEf 3t AE-ZM(Stern-Volmer) ZAAIZS 0/E8H DefiZet D0 OHE AE-

S0{(Stern-Volmer) &t2=gt2 ppt(Part per trillion)=2 Olotdl sHEE=E 2 2

Y
o
Im
=2
|~
o

Al stHE E0F=JATH
= Ag2 JIEN 205X @2 ME2 2 10IC0.
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4) 3AJ|Y CdSe LXE S 0/E8t ROX(Trinitroperhydrotriazine) Xl A&

ROX(Trinitroperhydrotriazine) € 0.1g2 HPLCE S22 100mLOl =04 100ppm
= 2F= = 100ppm M2l 10mLE FHoilMd S 90mLE Hol M 10ppm 2 F &I L.

CdSe LXE SBHOI SUHU= AIDAO0 ROX(Trinitroperhydrotriazine)10ppmS
00122 AEXIE OI=oHA 30u mL & 5HE FHOt 6t 2 XAES A AIGHULCE.

Quenching PL Spectra & S-V Plot for RDX
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600 | 1
——j_ =450 nm
500 | em
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200 = .
T 04]
100
0 B i
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Wavelength (nm) i
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0 2 4 6 8 10
460 nm 85,477 Molarity (10°°M)
520nm 54,875
571 nm 33,566
600 nm 25,886
630 nm 15,148

gure 13. RDX(1,3,5-trinitro—1,3,5-triazine)0ll CH&t CtA DFXl CdSe FAHE Q|

Fi
A2 AHEZ L Stern-Volmer =
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Stern-Volmer JeHEZZE oIS CH.

0 && AAl Stern-Volmer &F%=9]

RDX EXIAl ZXES 3J0  [et
(Stern-Volmer) Z&EAS 0|8 Jdef=et 10 o

rillion)2 Olotoll sHE &=

2 t t
2 MBS )= BNEN %S ME2 2D

[E=yw—

et X F=(ZL=0 et &
cHZOICH. =2 =2 =0

Ol 20 Z2Hel 202 ofi&sotH

le= oH&ol &
A & U=
2E D0 et
== TNT Lt PAOI Bl
EZ 0Ot g=0l n
o ZX 20

Ay

= AHEE & =

ot 1 g0l H3=
E

itro—aromatic(LtOl

$0

& 3lst 8H-=20
S M (Stern-Volmer) &t

JHXI2l CdSe ZXH&E Sl PA, TNT, PETN, ROXOIl

M, Stern-Volmer)S

CHet E§X&== PA > TINT > PETN > RDXS| &=ANZ =U2H,

amine) &2 =M EXJF 22351Ct10 &
[w]

Figure 15, 162 CdSe 2 X&E2l =K (Bt
CdSe 2X&EE2 35~40 nsOl, =09 =&

BaZ2 20D UCH OIS S CdSe UX
220l WOIXSA BL20l e 2X &S
= E R 3
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—Lem=571 nm
15004 —2 =630nm Il
em
=
w
G 1000 t+ i
=
500t i
520 nm 36.81 ns
571 nm 37.19ns 0 ! | |
630 nm 38.09 s 0 500 . 1000 1500 2000
Time (ns)
Figure 15. CdSe X X&EQl Hm&EY BH2)| 43 AHEZ
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Figure 16. TNT &2 (CdSe 2 X &9 1
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. CONCLUSION

KNSWtA CdSe LAE=S 8ot HEXEQ FZZHSAQClI PA, TNT, RDX, PETN Ol
o Ul JtXIol thet Z22= X A8gsS ARG

CdSe 2 XHE &4 ¥ =2 X0 28 A= JIEN SXE F2MY F
3 2tel H3aY & HAHQ HSeE X242 MGt J1&E 20 2280l FOoLt
0 =22H0 CHoll 2Kl StAHIDE =8t CdSe L XES SHOHAH ZIRUCH. £ DI
Z CdSe FXNE HP2l Z TNTOHl s Azsu = Xl SHAON CHS A0t
St YL, 2 APE Soli =S8t CdSe YNBSS 0/|E0tH INTE E &6t
PA, RDX, PETNOIl CHEH ELXISHHION CHEH MZ2E ZUE &0t CHTable 1)

Ky (M)
analyte
PA NT PETN RDX Rmnhioekl | g0

Aem (nm)

460 nm 191,000 151,410 99,606 85,477 30.8%

520 nm 177,810 128,520 77,988 54,875 30.6% 36.81

571 nm 143,910 94,640 51,231 33,566 30.2% 37.19

600 nm 115,580 82,334 42,894 25,886 30.4%

630 nm 95,444 74,315 33,573 15,148 311% 38.09
Table 1. CdSe 2At&E2l I&EZE Stern-Volmer &f==, Quantum yeild, Et22J| Z1t
& HlnE

AN BNE RKRISEE2 StEdN 2 11V LXES]  TNTOH  CHESt
Stern-Volmer &t~ HIWE otH RIIsIE=S tstdlASl 4000, [1-VIS 2XHE2
KsvJb 5,500 M'@l 241t HIW3t =2 HP9  CdSe UXEO  KsvIt
74,000,000~151,000 M'22 RII3t8t2 sttt HIWEH0 3801, 11-VIE 24Xt
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M 2 40 pptOIA 2 ppb A=l 2K SHHE JIX D JUCHD AIZEICF.
2t ZY 20| s &X== PA > TNT > PETN > RDXS| =ANZ =AUCH, 0|2 =2
Ct Z2o|Xol o0|2Z iAot LIOIEYI0IEES = (nitrate aromatic) SHeS > Lt

o
Im
a2
o
Im

OIAHIZ(nitrate ester) St&tE > LIOIEYHIOIEOI2! (nitrate amine)

stgfE =AZ ROt =001 & = ULH
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