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TNT Sensing of Photonic Polymer Replicas with
DBR Structured Silicon Quantum Dots
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ABSTRACT

Chapter 1. TNT Sensing of Photonic Polymer Replicas with
DBR Structured Silicon Quantum Dots

Jeong KyeongMun

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

Graduate School of Chosun University

DBR porous silicon has the property of reducing fluorescence when detec
ting explosive vapor and has an excellent quenching effect, so it is used as
an explosive detection sensor. However, there is a risk that DBR porous sil
icon can be easily damaged by external impact. To complement this, resea
rch was conducted using a replica that has flexibility and stability and mai
ntains DBR characteristics.

DBR porous silicon was made into a film, polymer was casted, and silico
n was removed through HF to produce an optical polymer replica. Optical
properties were analyzed through reflectivity, and TNT detection efficiency
was measured through photoluminescence. Additionally, relative efficiency
was achieved through N-type wafer and N-type composite. The fluorescenc
e of the N-type composite decreased by 3.6%, while the fluorescence of th
e replica decreased by about 18%, showing relatively high TNT detection ef

ficiency.
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2. Experimental Section

2.1.1 Materials

Ao AFRE A2]& Yo]iQl P++-type silicon wafers (boron doped, polish
edonthe <100> face, resistivity of 0.8-1.2mQcm, Siltronix, Inc.)o|A, N-type
silicon wafers (phosphate doped, polished on the <100> face, resistivity of 1
-10Qcm, Siltronix, Inc.)o|A] JLofjsto] AFL-sHYITE A 7)1A AlZbo AF8-E solution
2. 48% hydrofluoric acid (ACS regent, Aldrich Chemicals)?}t absolute ethano
1 (ACS regent, Aldrich Chemicals)S AFEst9th A 7]3sA Alzbo)l A8 Etch
ing cell Teflon cellS AFE35t9CH AlZbo] AFRE &2 02 gluminum foilS A}
Lot 1, FZF0 2 p++-typed O-ring platinum wireE n-type2 J1=% platinu
m wireS AR5t CEH

Replica®}l composite 348 118X} AJAto]| AFR-El polymer+s polystyrene (Aldric
h, Mw=280,000)2& AFM85I% 20, polymers &dAl7]=0 AFE= &0jQ toluene
2. (99.5% Extra pure grade, Duksan)S AH8-5}3iTh

TNT gHdo]] = Qs A]ekQl 2 4-dinitrotoluene(Acros organics), hydrochloride a
cid(PFP, Matsunoen chemicals LTD.), nitric acid(fuming, 95% SAMCHUN)Z
Tofsto] ALgsgict

2.1.2 Instrument

A2l 2 Jo]lHE A 7|gfehAl Alzhe X 2AFX|Ql Galvanostat (soucemeter2420)
S EdfjA RIsistQict A= ogA Alg]Z8 UV-VIS intergrated analyzing sys
tem (Ocean Optics USB-2000 spectrometer)<
flectivity S 57d5tth. N-type 22| folHE AlZ5h7] #Jsl Tungsten-haloge
n lamp(300W) stojlA] S xIshsrgict.

Zoll4] photoluminescence?} re
A



2.2 Synthesis
2.2.1 TNT &4

250mL Schlenk Z2tA 0] DNT 9g, H,SO, 66mLE 21l Ar gaszZ R|FA|AHE
H 1027 stirring$tch. Ice bath& o] 8sto] Z2tA3 YEES 0°C2 YzhA|7ich
HNO3 18mLE drop wise funnel2 AA3] A7}6tal drop wiseZt &2 EH ice b
athE A|A5S heating mantleZ 90°C& 23 T 3A]7F =9F stirring $tc}. A]71H0]
Ad & 225 42o=2 JRE F overnight ARt 500mLo} /471 E1 1L
8|S ice bathof] 2o} YZAIXl £ ¥hgo] FAH AAS s FAUstaL stirrin
gsto] SR VAIE MERtth A& 1A BH oistal out & F2 9EE2
ez ARG §49 23722 'H NMR spectroscopy S o]-§5to] &elstairt.
m.p 80.5°C &, 'H NMR(300MHz,CDCL3) 6 8.85 (s, 1H), 2.73 (s, 2H)

CH, CH;

NO, O,N NO,

H:2804
+ HNO3 —m—m——

NO, NO,

scheme 1. TNT(Trinitrotoluene) T4
2.2.2 P*-type Al2] 2 o|H Ajz}

DBR t}&5/d2+ P"-type A& dolmE A7|A S &5l Alzett. Ao
AFE-%l solution 48% hydrofluoric acid?} absolute ethanol 3:1 RFmd]Q] H|&
2 Z3tg]9ich DBR thaAlo] Alzh 2742 soucemeter2420S 0|85t 5mA+cm™
82%, 50mA-cm™ 7A2 203] ¥h=Eslo] UESQitt DBR C}2A mW2o A7kl DRR
th2A o] 48% hydrofluoric acid®} absolute ethanol 3:1 &9%0o| 450mA:cm &
90%, hydrofluoric acid®} absolute ethanol 1:159] ¥mu] &0 24mA-cm™22

90% & %#o] free-standing DBR thz/d HEE 4

_7_



2.2.3 P -type replica A%}

Free-standing DBR Th3A ==L Q5o 250°C 24A|7F =9t do] &A™ AMgtE
AlZ1th. It}8 4g9] polystyrene (Aldrich, Mw=280,000)S 20mL9] tolueneo|| =
olt}. Toluene solutiong ArstEl ChaA WS FHol| E%—’-i T ©@¥of 100°C 30
=0 EolE H G 4tetE oh3/d Composite B52 8% HF 8o dof
ArsteE]l o3 matrixs A|A ST AtstE oA S Kﬂﬂéﬂ photonic features®] r

eplicas ¥d9ict.

\mE S— .
= . o —, i
Detaching 2= IW, )
Power  Flectrochemical only film .
supply etch ’ Casting Dissolving photo
Thermal polymer at HF luminescence

Oxidation

picture 4. Replica A&t 17

2.2.4 N-type Al2]2 go|H Az}

ol

22 glolmt N-type A2|Z flolME M71a WL So) Az,

=l solutione 48% hydrofluoric acid?} absolute ethanol 1:1 FnjH|

o] Hle2 2YHAY. A7IA AlZbS flsl N-type 2|2 dlojmet HEE A2 =

m 300WE HAED W2 AL o) AIo2 AGSAT. Az

72 300mA-cm™@ 200% 132 A&gsti Alzto] Z glojm EthanolZ 33]
A & Ar 71A=2 7AxRsH QHSoj Aot



2.2..5 N-type Polymer composite A&t

A2 ® N-type 222 oS ¥4 S2tA230] 24l toluene 20mlE A2t
A =Z2FAFIE ultra-sonicationo]] 3087t sonicationA]7] AZtE 7]ZE58 TX]
Wt} Sonicationo] 84 solution2 go]HE A|A5te] YAIE2]7]9] 3600rpm 30
B7F Asist & AXMSUF Fsict 1g9] polystyrene (Aldrich, Mw=280,000)2 5mL
9] tolueneo] =9It} Toluene solutiong N-type 7| 351t Ao Z2tAE Eof 4
of @20 100°C 303t Eol& H AeAlZltt. Composite HE S04 s

o] photonic features®] compositeE A9irt.



3. Results and data

3.1 Free-standing T34 Alg]

rh

I 2 9] reflectivity spectrum

e delE2 A2l dolmo] ARS Atmte] gz =2 AR H2 AR
S whEste E2RE 54 g mpgolM e WA A7lE g 548 A |
ok ol2feh WS ARl thed A2lE dlojmoll Mzt wgolA g2 ARED 2
ARE Z2Fo] A2 59 LS BES oA A= UE H, 32 A7E &9
A g Ay ©2o] 235 0] Free-standing T2 A& 4 9lct Free-stan
ding = st FeR 548 7t

NE) E3 71E goluet FUsh S We A
A3 SIAISE AL ok 9] Ol $AR] 419l gURE e

reflectivity spectrum 2fjo]d 7_}7’* 641, 593nmoﬂ}\1 37 ot A8 g9l
2 4 9ot

4000

Free-standing PSi
Oxidized PSi

3500

w
(=3
(=4
o

2500

2000

1500
1000
500
500 600 700 800 900
Wavelength (nm)

Figure 1. Optical reflectivity spectrum of free-standing and oxidized T}z

Reflectivity (A.U.)

= A =
AM2E HE
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3.2 35t VB X} replica?] reflectivity spectrum

AFglE OFAl Free-standing @22 ofAI7IA] B AX|7] 3-& EoHY
Free-standing Z&2] ®HUHo| 1FAE castingdto] {FAsHL ¢
polymer composite B&2 A|AISHATE SHA9E composite B& AJE|0]
polymere} Ale]Zo2 uks 97| wlgo] Zwgo] 577t Aol HAts
435t ¥balo] Adojubx] 9o} ZurE M2 AR E|7|0l BAStsich Atste cha
A Ae)zo] AlejEo] HFO| 5ot AS ol&3ste] composited] AlalEg HFE
o2 AAste] DBR £4& WREsH= replicas AAFsHoict.

2 figure 2= composite?} replica®l gHA} AT EH JEHEO]Di Z¥7y 637, 586

%

Aefolc},
A

oX

i)

ol

ml o

£ H

>$ g O
o

O
-

o

nmojlA A7t e Zg T 4 A9t Replica® ¥HAZ2 2Inmz 7]E
TE FHY 23nmETt oF Znm7t o= S & 4 AU
4000
3500 n n Compasite Film
Polymer replica
— 3000 |
=
< 2500
2
E 2000
7]
o 1500 |
Y
()
o 1000
0

500 600 700 800 900
Wavelength (nm)

Figure 2. Optical reflectivity spectrum of Polymer replica and composite
03y AE BE
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3.3 Replica PL spectrum

Arehel of34 AlejEe] delEo] HFo Strhs g8 replicad) ol Lol

St ol 92 02t Composites HF &Qlo] 40 Ale]& structured =

olRlgt mEALS C}BY AL 02 AIEe] Ty PAES LEARI replica’t
SYEC). ST replica Y T 4 9 HL A2 37): IR mEE
AL FARPHoL THeSiAA B ES DAY 4 UAe JEIZE | Figure 35
Soll &/d% replica?t P& st= AS &AL & Aot E3St figure 40] Ocean Op
tics USB-2000 spectrometerS ©0]85to] replica®l PL intensityS &AsH &

Figure 3. &% replica®] AXI
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4000

3500

Replica

3000 |

2500 |

2000

1500

PL Intensity

1000 |

500 |

0
500 550 600 650 700 750
Wavelength (nm)

Figure 4. Ocean Optics USB-2000 spectrometer2 Z=7*3l Replica PL

spectrum
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p-type AIE9 th5/d A2]E2 humidity 5717F A= (S T reflectivity7} ¥
gt EAJS 7R Itk DBR 1%9] Replica: p-type?] DBR JLAE GXJA]FA
U= @AY humidity®2 Q1gh o] Zashs giubg G4 o5 710l hu
midityo]] 2J3] quenchinge] DJX|= ggko] ItH MM ZA L8517l HAGHE
Zlolct. Replicat humidity 949 {75 2IsH7] #I5t0] replicad] humidity S
Bojde M-S Fs¥stgict. Figure 5= replicad] humiditys 587F 2020 hu
midity quenching2 UEpd Z2fzolc} Replicad] £0]2-& humidity?] &&= 3
0%, 60%, 80%= urzxo] XI5t Th Humidityo] @& quenching2 0.53%, 2.1
7%, 3.8%% replicadll 2 FF=2 UIAA] %Y= Zoz LT

-~

100 —
30%
—60%
o 80 —80%
£
£
g
o 60
S
o
2
5 40
£
S
I
20
0 L

0 50 100 150 200 250 300
Time (sec)

Figure 5. Replica humidity quenching spectrum
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3.4 Replica®] TNT ZA] #+4

ta/d F+&29 Aol 2dE 57|12 sl Agshs d2E figure 201 LERY
9it}t. Replica®l TNT vapor sensing2 H015}7] 5 TNT powderZ UA} oj
1 Ar gasS replicac] 587F blowing 8t Ocean Optics USB-2000 spectrom
eter2 E3} PL intensity Hgt2 £A5t9 1 1 ZA3E figure 60 YERYQICEH DB
R #+%x9] replica®] PL intensity®= TNT blowingo] "45 FFo] Eojte= A
el 5 QIla 53F7F blowing {5 ® °oF 18%7HA] T4asttt. o] AxtE &3l

o
=
Replicat= TNT 5718 A% 4 9t 21€ 2alsigict

4000 100

TNT vapor TNT Vapor
3500 | o \
60 sec
3000 | ot 80
— 240 sec
2 2500
[] — 60 |
c X
9 2000 | <
£ =°
-1 1500 | 40
o
1000
20 |
500 |
. L 0 . . .
500 550 600 650 700 750 0 50 100 150 200 250 300
Wavelength (nm) Time (sec)

Figure 6. Replica TNT ZIX] gjo]H
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Replica® TNT 7ZrA] &8-S v|usdt7| Ysl 7]&0] TNT Ao AFR3HE N-type
I} N-typeg ©o]85to U= N-type compositeS A|A5HE 1 2H2F TNT blowingS

A A8t Figure 7 JE‘HE% N-typext N-type composited] 587t TNT vapor

2 blowing 31%0] B¢ @Fo| Zasts 2 U 2zmo|ct.
2500 2000
0 sec 0 sec
60 sec —300 sec
——120 sec
2000 | ——180sec
— 240 sec 1500
>
21500 £
2 c
[} 9 1000
k= c
£ 1000 -
-l
T o
500 500
%00 550 600 650 700 750 0
500 550 600 650 700 750
Wave length (nm
gth (nm) Wavelength (nm)

Figure 7. Ocean Optics USB-2000 spectrometer2 =&l N-type, N-type

composite®] PL spectrum

N-type A2]29] PL intensity= oF 30% 7tAsH= 712 31519 1L replicat th

=
o 945 A 288 7ML Qlout golm Atejols] mhRo] ol FAol: Aof
st ArEfjo|th. ¥lHO| N-type composite®] PL intensity= 9F 3.6% ZrASHE L rep
licaol ¥lah ol e Al a2 Tk e stk
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3.5 Replica®] recovery &9l

AIA A recoverys= B4 ds 40|t AlAQ recovery’t &71ssHttH Rt
CoF gebido] Fopal 2] AAF H]&o] wolX]= 5 AlIAQ s oY TS 84
2 ZIEC} Replica £3F 23 AAM=E ARESH] S)A recovery”l B Q5}Tt.

Replica®}l composited]] TNT vaporS 30X cycleZ in, out 3t9] recovery’t &
X9 RS EQIsttt. ®3 replica®l recovery AHiAQl &2 Qlsty| ¢

ol compositeo| = sUgt APS AAISHITH

1700 1000
TNT Vapor In ——— TNT Vapor
1690 N-type compasite
980
> 1680} -
2 é 960 Attt Ny e M on e o
L 1670 |
k= \ 2
a £
o 1660 7 a 940
TNT Vapor Out o
1650 | 920
1840 50 100 150 200 250 300 900 ‘
0 50 100 150 200 250 300
Time (sec .
(sec) Time (sec)

Figure 8. Replica, composite TNT Z}A] realtime Tfo]g

t}g Figure 82 replica?t composite?t recovery’t &E=Xx]S &QIst Ho|go]
t}. Replicax= TNT vapor out®] At&tofjA] PL intensity’} THA] recovery’t &=
S =AY o+ e ¥, N-type composite= HA7F & =4 945 #Tofyet r

S

ecovery E3F HA| =te S AT 4 AUt

_17_



4. Conclusion
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6. Appendix

6.1. 'H-NMR
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ABSTRACT
Chapter 2. Silicon Quantum Dot-based Nerve Agent Sensing

Jeong KyeongMun

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

Graduate School of Chosun University

There are various synthesis methods for silicon quantum dots, and depending on the
method, the surface can have various chemical structures such as Si-Cl, Si-H, Si-OH,
and Si-R. It can be applied to various purposes by using the characteristics of each
surface structure, and experiments were conducted to detect nerve agents, a substance
that often causes problems due to terrorism, chemical spills using Si-H quantum dots,
and used them as analytes, conducted a nerve agent detection experiment using nerve
agent-like substances DMMP, DCP, and TEP. Si-H quantum dots were synthesized by
reacting Mg,Si and NH4CI in THF, and the synthesis was confirmed through FT-IR and
Photoluminescence. In addition, in the detection analysis of quantum dots and nerve
agents, a decrease in Si-H peak was confirmed through FT-IR, and the decrease in
fluorescence was analyzed through photoluminescence. When synthesized with DMMP,
fluorescence decreased by about 11.8%, when synthesized with DCP, it decreased by
about 18.4%, and when synthesized with TEP, it decreased by about 12%.

_22_



1. Introduction
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1.1 Nerve agent
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1.1.1 Nerve agent G series
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1.1.2 Nerve agent V series
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2. Experiment

2.1 generals
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2.2. Synthesis
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71tt. Degassingst THFS & Zc¢tA 3o Yo]F 1l stirringstth. o] 170°Cof|A
39 EOF W2 APAIZICE UV lampe. FHL ARG & L0 Yol WL
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3. Results and Discussion

3.1 FT-IR Spectra &A1
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AelE YAl Nerve agent FAFE7AIQl DMMP, DCP, TEPE 247}
T-IRES &7sto] A& FAPEY} Nerve agento] A& 453t
UAPde] BHES HZ EojQl7] wj&o] Si-H m3Ql 2120cm'2] 7F4°} nerve ag
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6. appendix

6.1. FT-IR spectra
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