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ABSTRACT

Chapter 1. Synthesis of Nanoexplosives Based on

Aggregation-Induced Core-Shell Nanoparticles

Noh Jaeho

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

Graduate School of Chosun University

An attractive energetic material provides a high amount of energy release while being

relatively insensitive to accidental initiation. However, the micron-sized explosives are
very sensitive, which seriously threatens the safety of the ammunitions. The effects of
nanoexplosives on the properties of solid propellants will be investigated for solid
rocket nozzle motor applications. For several years, nano-structuring of explosives is a
promising field of researchaiming for this goal. Nanoexplosives are synthesized from the
mixture of the nanoaggregates of explosives with tetramethoxysilane (TMOS) and
poly-L-lysine. Nanoexplosives such as TNT, RDX, TATP, and PETN are synthesized
and characterized by NMR and scanning electron microscope (SEM). Nano-RDX, which
is characterized by regular shapes and narrow size distributions, has been produced by
aggregation-induced synthetic method. The shapes of nanoexplosives are spherical in the
beginning stage and become rectanglular at the final. The size of nano-explosives are
150 ~ 300 nm for TNT, 200 ~ 300 nm for RDX, 200 ~ 400 nm for TATP, and 400
~ 500 nm for PETN, respectively.
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SEAYYUE SAN SavdEd
s ae [-E RS 1] W& )
RIR/ 4071 2RAPNE 2 BY 7N ONHARR =2 T

BE 7} 20200728 HO|AS hney kifLevN, EHE @yonhap_grohics

OjArY =k 8L AtA 2| 37t M F=EH|

Picture 5. SE-FT D0-2 Uk FL=E HE JlUisd
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2. Experimental Section

2.1 Generals
=2 &8 842 standard vacuum line Schlenk technique=S AtE5t0] & &3IA2H Stet=2
E° 452 022 gas Ol0IM AEHGIACH. AEUH MEE ALSQ2l Poly-L-lysine

solution 0.1%(w/v) in H,O, Tetramethyl orthosilicate, Hydrochloric acid, pH 7.4 phosphate
buffered saline (PBS), Pentaerythritol, 1-methyl-2,4-dinitrobenze, Hexamethylenetetramine,
Hydrogen peroxide, Acetone, Sulfuric acid (95%), Nitric acid (fumming), Hydrochloride acid
(38%)2 Sigma-AldrichOl Al 25t & &0l AHZ 6 204 THF (tetrahydrofuran)= Ot2
= gas Ot 0l Al sodium/benzophenone= AFZGHH 24A12F O &} reflux & =& EHZ AFZ 6t
UCt 3822l NMR 24 2 Bruker AC-300 MHz spectrometer 'H-NMR, 300.1 MHzZS 0|
Z5tRULCE Chloroform-d= 24A12F SQF CaH, 2 stirringdtd &0 =22 MAGHA 20
DMSO-d= Aldrich AMOIA 20HGHO AFZGHRICH NMR peak 2t&E 0|=SE part per
million (8 ppm)2 2 & O X Hl = Ct. SEM Image &4} 2 HITACHI Field Emission Scanning
Electron Microscope/Energy Dispersive SpectrometerS 0| &0t A CH Al2l& 0I1H A AH
DEES ot 24AI12 SQF Vacuum GtOl A2 ALESHRALE. TEM Image 42

JEM-2010 200kV, JEM-2100F £ 0| &0t ALt PBSUHl Z4&HAIFA grid0il S = A X AlZ!
= 58/ =2 washing & ChAl 21X S0l AFZSHLCH
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22 [LS9 gdH

2.2.1 Trinitrotoluene (TNT) &4 Y

250 mL 27 S22 HtY E2tA A0 ice-bath, 2 & H|, drop wise funnelE & XI5t EctA
3 WRE 0t=22 gasZ XI2tAI2] = 1-methyl-2,4-dinitrobenzene (9.0 g, 0.0494 mol),
H,SO4 66 mLE S &0t stirring 8Lt O = ice-bathE AIEGHH SctAD R 2&E
0C Olotz H=2HAIZ2ICH HNO; 18 mLE drop wise funneltil S5t 22 20l A 102

[e]]
ice-bathE M| 13t L), heating mantleS & X| 6t

&S Ot drop wise &Lt drop wisedt 22 & =

o SUAT UHRE 2EE90CT2 7R A2 = 22 250l A 3A12F S0t stirring AI2!C.
BIS0| 2Lt & E24AT R 258 4222 H2HAIZ] = overnight AI2ICH 1 L BIA
Ol ice-bath 500 mLE 8t=1], Bt SE2 HIH i

otoF DHIIE AE0] &I 302 stiring & ZH Ot & =2 =
methanol= FII6HH (I HAIZICH EH A0 Kl = H2 BtS=2 83 24X AZICH &
HE MAH 22 'H NMR spectroscopy= 0| 2604 2CI5HACH mp 80.5C &, 'H NMR

(300 MHz, CDCL;) & 8.86 (s, 1H), 2.72 (s, 2H)

CH, CH;

NO, O,N NO,
HNO;

Y

H,S0,

NO, NO,

Scheme 1. Trinitrotoluene (TNT) &4 &

_13_
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2.2.2 Trimethylenetrinitramine (RDX) & &%

250 mL 27 S2 HtY ZetA A0 ice-bath, 2 & Hl, drop wise funnel2 & X|5t10 E2tA
I UHEE Ol22 gasZ X &AI2! = HNO; 85 mLE § & 6t stirring LY. ice-bathE At
E0tH SctA R 252 0T 016t2 H2FAlI2I L. Hexamethylenetetramine 10.0 g=
22 25 0M SctA 30 DM MdEiZ2 A0 F20| =& = stirring 6tH 12C ~ 1

=
5C 20l 3022t =t BrSS AIHAFELL ice-bathS M JHGHL) water-bathE & X8t =
ZctA3o R 252 50C2 A0S IHE0H &2 25X 0lA 1022t stirring SHCE
stirring & S Al ice-bath2 WXIGHH 2 10C ~25C 2% 0l A 3022t stirring=S & Al &L
BHS0l 2 = 1 L 8130 ice-bath 400 mLE BHS 1), BFE2S HIZH 0l &0l FLet =
stirring 8tC. stirring Al GH2F D HMIIH A E 0] & H 302 stiring & Z2H 01 = == XA
£ ?AGtH A2 methanolES FIIoIH GHIAIZICH E2H 20l Yt = 22 BIEE2
LN,S AIZ20l0{ D2 HX AI2ICH 84 & M5 22 'HNMR spectroscopy= 0| 206+0] 2
OIGHUCH mp 204C &, '"H NMR (300 MHz, DMSO) & 6.10 (s, 1H), 3.35 (d, ] = 0.9 Hz,

1H), 2.50 (dt, ] = 3.6, 1.8 Hz, 1H)

NO,

g ﬁ HNO, X

N~' SN > r W
OZN/N\/N\NOZ

Scheme 2. Trimethylenetrinitramine (RDX) 24 &
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2.2.3 Pentaerythritol tetranitrate (PETN) &4 &

u

>

Y Z2c2tA 30l ice-bath, 25 Hl, drop wise funnelS & XIot ) Zet
3 UHEE OF gasZ Xl 2t Al2! = Pentaerythritol 10.0 g= F 2 Gt1) ice-bathGt I A
AT L 2 t2 W2+ AI2ICH HNOs 4 mLE drop wise funneltff §&

CcO
2= 2 0AM d&ol SctAI0

100 mL 2+ =
2

i

ol
ol
R M K UM

m
_O'j
e
kJ
é
i
e
o
2
=1}
ol
Ol
o v
1>
i
>
0l
o o o
2 X

>
Ja
ujo
rok
Qo
1>
HI
>
U
40
_O'j
2
P>
LS
=
a
;%
«3
o
il
_\;'
°
2
=]
>
v

o
T
2 LN, AMZol0 Az AX AI2ICH §48 M822 'H

spectroscopy S Ol SOIGHACH mp 142C &, 'H NMR (300 MHz, DMSO) & 4.76
4.66 (m. 1H), 3.37 (s, 1H), 2.55 2.46 (m, 1H).
OH ONO,
HO HNO, 0,NQ
r o
OH ONO,
HO 0,NO

Scheme 3. Pentaerythritol tetranitrate (PETN) 24 &
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2.2.4 Triacetone triperoxide (TATP) & &Y

100 mL 27 S2 BtE Z2tA A0 ice-bath, 2 & Hl, drop wise funnel2 & X|5t10 E2tA
EO0

3 HEE Ot=2 gasZ XI2AI2! = Acetone 9.5 mL, 30% Peroxide 6.8 mLS S5t 1)
ice-bathGtUI Al LN,E ALEGHH SctA3 LR 8% E -10T 0I5t=2 W2 AIZ2ICH HaSO4
ZctA3I0 FoHH

2.4 mLE drop wise funneltff £ &35t

s
OF =D} stirring StC. stirring Al

stirring AI2ICH S0l 22 & = 22 2= 0A 3A12F S¢t

otoF IXIJt A =0l & BtS0| E = Hd= ot UM E 2H it = SF+=E Al

ot M= &tCh 2H Wt = =2 MAHE ?IotK 22| methanolS FIHot0 O bt
ARICH 2 20l 61t = E2 BISE22 LN,E ME X ARICH St E A

A 22 '"H NMR spectroscopy=S O 2510 &QI5IHC mp 947

CDCLs) & 1.46

&, '"H NMR (300 MHz,

(0}
\
H_ _O_ I H,S0, d 0
0 H PO ——® H,C CH;
H;C CH, 3
—O0
H,C CH;
Scheme 4. Triacetone triperoxide (TATP) & & &
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2.3

0lo
A

CetE BYsS

tol

e Pr

23.1 S&-SE3lEl Trinitrotoluene &Y

100 mL 21| Z2tA 30 Trinitrotoluene 100 mg, Distilled THF 100 mLE £

2 6t
stirring AI2ICH 15 mL BOIZ 0l SF= 9.9 mLet FI

Z2tA 39| Trinitrotoluene

[o]]

ZEMX 01 mL = SF&otH 322+ stiring AlIZICH 2 OH& Aggregation-induced

Trinitrotoluene2 SEM ImageE S0t0{ TrinitrotolueneOl Aggregation-induced Jt S

S soig & QUL

_17_
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2.3.2 S&-SE3E Trimethylenetrinitramine & 4 &

100 mL 21| ZctA A0l Trimethylenetrinitramine 100 mg, Distilled THF 100 mLE £
ot0 stiring AI2ICH 15 mL HHOIZ0l SF= 99 mL2 =FI SctA3°
O

™

Trimethylenetrinitramine €% 0.1 mL = S0t 322+ stiring AIZ2ICH &
=

}

2

ol

Aggregation-induced Trimethylenetrinitramine= SEM ImageS

TrimethylenetrinitramineO| Aggregation-induced Jt RS2 &I

_18_
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2.3.3 S-S T3E Pentaerythritol tetranitrate 84

100 mL 21| ZctA 30l Pentaerythritol tetranitrate 100 mg, Distilled THF 100 mLE
SQGHH stiring AI2ICE 15 mL HIOIZ0l &%= 99 mLe =21 2ctA3°
Pentaerythritol tetranitrate £ 0.1 mL S SF&ot0 322t stirring AIZICH O
Aggregation-induced Pentaerythritol tetranitrate2 SEM ImageE &S00 Pentaerythritol

tetranitrate O] Aggregation-induced Jt S22 =2Ie &= UL

_19_
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234 SE-FET3IE Triacetone triperoxide &4

=2 =0|
= T g

100 mL 21| ZctA 0 Triacetone triperoxide 100 mg, Distilled THF 100 mL
Ot(d stirring AIZICH 15 mL HIOIZ0l &F= 9.9 mLet 21Ul ZctA LS| Triacetone
=2 Tt 322t stiring  AI2ICH 2OHEA

triperoxide &% 01 mL =
Aggregation-induced  Triacetone triperoxide2 SEM ImageE S0t Triacetone
SS =H2E = ULL

triperoxideO| Aggregation-induced Jt

_20_
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N
=
0lo
1Pl
30
i
ky
2
iz
i

e

_'H
0x

=]
_IE

2.4.1 1 M Silicic acid®| &4 H

250mL S2 HtY S2tAIE EXIotY SctAD R E Ol22 gasZ X A2 = 38%

Hydrochloride acid 0.0814 mL, 7= 100 mLE F &8t & 5272t stirringot® 0.01 M
Hydrochloride acidE A& 8tCH 100 mL S2 Ut EctAIE EXIot] SetA3 KR
Ot22 gasZ XIAI2! = Tetramehtyl orthosilicate 1.48 mL, 0.01 M Hydrochloride acid 10

2 £ = 420 A 2022t stirring StCH.

& i
. |
0 O —CHs 0.01M HCI 0 O—H
Si _ N,/
> Si
H;C—O (l) H—o
CH, |

Scheme 5.1 M Silicic acid 4%
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2.42 DO-4 U= SIE Trinitrotoluene &4 Y

100 mL JtX| €2l S2 Hts E2A3E &Xot] EctAT R E 0l 2 gasZ X &
A2l & pH7.4 phosphate buffered saline (PBS) 1 mL, Poly-L-lysine solution 0.1% (w/v) in
H,0O 200 ul, Aggregation-induced Trinitrotoluene 0.1 mL S F&6t1) 122+ Vortex mixed

roy

Ct. O] & 1 M Silicic acid 25 pl € £ 1) 522 Vortex mixed 8tCh. Vortex mixed= ofOF

DX SE D Si waferOfl AZZE 50 LN,E AESHH &1E 2 X5 SEM ImageE

2015+ Nanocubics EEHE & Q1Y == QUL 0l T B8 U S 3600 rpm2 Z CentrifugationGt
O ot X2 HHE S2lot) ASHE HHS = 2 ot2F IME 95% ethanol it
deionized waterE AIE0t0H MIESIUCH &0 =22 HAHSH| fIo LN,E AFE6H0 &
2 HXOIULCH 4= MAHZ22 'H NMR spectroscopy, SEM Image, TEM Image, & X} &
0lZS 0|25t &0IatHLH 2F300C 2 calcination of0d 0 X| Dt white color 0l Al brown
colorZ HE S M HH0IE2 SotH =01 = UJPLE
CH,
H
O,N NO, | pH7.4 PBS,
O\ /Off1 poly-L-lysine solution
¥ A >
H—O (l)
NO, H

Scheme 6. D -4 L} =3 Y! Trinitrotoluene

I
0x
13
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2.4.3 DO-4 LH=RYSHE Trimethylenetrinitramine 84 &

100 mL JtX| €8l S2 HtY SctA3E EXI6tl) SctAd WRE Ot2 2 gasZ X[

A2l & pH7.4 phosphate buffered saline (PBS) 1 mL, Poly-L-lysine solution 0.1% (w/v) in

H,O 200 pl, Aggregation-induced Trimethylenetrinitramine 0.1 mL & F&ot1 122t
Vortex mixed StCH. O] = 1 M Silicic acid 25 pl & € 1) 5272} Vortex mixed &HCF Vortex

[

mixedE ofCF DHMIJF A =L 1D Si wafertil AEDE
SEM ImageE =215 N

=

¢}
anocubics EEIE &0Ig £ QUCH

Centrifugationdt0d StQF X2t M E Z2Iot) A4SHE MAHE = 2 5t DHME
95% ethanolt deionized waterS AFZ G MIEHGSIUCH &0 =FS MG 2o LN,E
A5 XB HX6HQCH M= MSH 22 'H NMR spectroscopy, SEM Image, TEM
Image, XS 0/E S 0/E0tH =QIGHALE 2 300C 2 calcination ot 1AM Db white
color Ol Al brown colorE HES XA S0 B S Sot0 &2I& 4= UAUCH
NO, H
I | pH7.4PBS,
N o O—H poly-L-lysine solution
R he
OZN/N\/N\NO =0 0
H

Scheme 7. 2 0{-& Lt = 7 Trimethylenetrinitramine & & &
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2.4.4 DO-2 LH=RYSIE Pentaerythritol tetranitrate 8 4 8

100 mL JtA| €el S2 HtY EctA3E AXIot] 2223 R E 022 gasg: X &
A2l & pH7.4 phosphate buffered saline (PBS) 1 mL, Poly-L-lysine solution 0.1% (w/v) in
H,O 200 pl, Aggregation-induced Pentaerythritol tetranitrate 0.1 mL & F ot 122t

Vortex mixed StCH. O] = 1 M Silicic acid 25 pl & € 1) 5272} Vortex mixed &HCF Vortex

mixed= oFOF DAt AEE 1D Si wafer®fl AZIZE 610 LN,E AFE0I0 &8 A X56H0
SEM ImageE =216t Nanocubics HEHE & 0lg &= ULt 0] & E2UZ 3600 rpm2 2
Centrifugationdt0d StQF X2t M E Z2Iot) A4SHE MAHE = 2 5t DHME
95% ethanolt deionized waterS AFZ G MIEHGSIUCH &0 =FS MG 2o LN,E
A5 XB HX6HQCH M= MSH 22 'H NMR spectroscopy, SEM Image, TEM
Image, XS 0/E S 0/E0tH =QIGHALE 2 300C 2 calcination ot 1AM Db white
color Ol Al brown colorE HES XA S0 B S Sot0 &2I& 4= UAUCH
ONO, I\{ pH7.4 PBS,
O,;NQ, O\ ,O0—H poly-L-lysine solution
+ i

N\

ONO, H—O ?

0,NO "

Scheme 8. D0{-&! Lt'= 7Y Pentaerythritol tetranitrate 84
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2.4.5 DO-& LI 3IE Triacetone triperoxide &4

100 mL JtAl &2l S22 HtY SA4AIE Xlotd SctAT R E Ol 22 gas2 X &

ST

A2l & pH7.4 phosphate buffered saline (PBS) 1 mL, Poly-L-lysine solution 0.1% (w/v) in

H,0O 200 pl, Aggregation-induced Triacetone triperoxide 0.1 mL & F 6t 1272t Vortex

mixed StCE Ol = 1 M Silicic acid 25 ul € £ 1] 522 Vortex mixed StCh Vortex mixed=
otoF DXIJF A= 10 Si waferOil AT DE Gt LN,E AIE0tH &8 A4 E6HH SEM

ImageS = QI6tH Nanocubics SEHE & olgr == QULH 0] & EXHE 3600 rpmL 2
= Ut
= o

Centrifugationdt0d StQF X2t M E Z2Iot) A4SHE MAHE = 2 5t DHME
95% ethanol 1t deionized waterE AtEZ 0 NI EGHAULH &0 =22 M HSHI| 2o LN,E
A5 XB HX6HQCH M= MSH 22 'H NMR spectroscopy, SEM Image, TEM
Image, XS 0/E S 0/E0tH =QIGHALE 2 300C 2 calcination ot 1AM Db white
color Ol Al brown colorZ HE2 M X SH0|EE S6t0 &olg &= UJULCH
H,C_ _CH;,
0><o i pHT.4 PBS,
O/ \O . o ) O—H poly-L-lysine solution
H3C\)\ /(/CH3 SN
H—0 0
e 070 cn, H

Scheme 9. DO{-& LI'= 79! Triacetone triperoxide & 4%

_25_

Collection @ chosun



3. Results and Discussion

3.1 'H NMR

HI
X

Nanoexplosives

NMR =4 = of

ol
2z
=)
A
olt
—
n

2 |
P
Pn
M 0
A
o
i
T

= £ Y SR ZSLSS0 EMotEX LI AMA
=2 M

St = Nanoexplosives 2|
NMRE &4

_O'j
o K

Bruker AC-300 MHz spectrometer 'H-NMR,
300.1 MHzEZ 0|

, @ &0HQ! Chloroform-d= 24 Al 2t S2F CaH, &2 stirring St (4
& =22 MO

Aldrich AtOI A <*0HGHOd AtE GHRULCE.

o

3
<)
|0
=2
)
<
@]
o
A
rr
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Figure 2. B0{-& Lt'-78!3lE Trinitrotoluene (TNT) 2| '"H NMR Spectra
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Figure 3. Trimethylenetrinitramine (RDX) 2| 'H NMR Spectra
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5 k1000
| 0, 0° ! I
1 *7( 1
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Figure 6. D0{-& L7 3IE Pentaerythritol tetranitrate (PETN) 2| 'H NMR Spectra
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Figure 7. Triacetone triperoxide (TATP) 2 '"H NMR Spectra
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3.2 SEM Image &4

NanoexplosivesE 2tSJ| ?I8t S22 SE = &02I6t)| #6t SEM ImageE S0t N
S OIGIRULCE SEM SH 2| &< Silicon Waferlfl SEREE ZLESS AHIEGH &S

XL AI21= HITACHI Field Emission Scanning Electron Microscope/Energy Dispersive

= Z ot ALY (Figure 9 ~ Figure 12)
&£ St NanoexplosivesE & 8= Core-ShellZ2 & R HZ U =X SEM ImageE S
E

ot LCE SEM £A 2| A2 Silicon Wafer0ll &4 = NanoexplosivesS AL DES
p

SpectrometerE 0| & 6t (4

XX Al21= HITACHI Field Emission Scanning Electron Microscope/Energy Dispersive
SpectrometerS 0| £5t0{ =& St A Lh. (Figure 13 ~ Figure 16)
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Figure 9. S&-S5<3}E Trinitrotoluene (TNT) 2| SEM Image

Figure 10. S&-F5E3HE Trimethylenetrinitramine (RDX) 2| SEM Image
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Figure 11. S&-F5E3E Pentaerythritol tetranitrate (PETN) 2| SEM Image
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SEM Image =4 Z 1t TNTE= 100 nm ~ 200 nm, RDX

~ 300 nm, TATP= 200 nm ~ 400nm &

Collection @ chosun

SEEHONU=
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Figure 13. DO-& LI'=R3}E Trinitrotoluene (TNT) 2 SEM Image

Figure 14. DO-& LI'=R3E Trimethylenetrinitramine (RDX) 2| SEM Image
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Figure 15. D0{-& LI, -RYSHE Pentaerythritol tetranitrate (PETN) 2 SEM Image

Figure 16. DO-& LI'.= R SIE Triacetone triperoxide (TATP) 2| SEM Image
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SEM Image &4 Z 1t Nanoexplosives2| 2122 E2&2 =2 TNT= 150 nm ~ 300 nm, RDX

, PETN2 400 nm ~ 500 nm, TATP= 300 nm ~ 500 nm & 2 M{-& 0] &

= 200 nm ~ 400 nm. =
HU= 212 201 & 4= AQULCH ESH HEWDF Cubiclll JINE HEHE ot JUS2 &0lg
= UALE.
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3.3 TEM Image &4
Ot 0t Sl =X

NanoexplosivesE &&= Core-Shell2 & AL JA=X £t 1 F
TEM ImageE So6tH =QIGHULCH TEM &= 6tJ] ?I6tH &4 E NanoexplosivesS
S 2AHX A2 & S84 2 washing & CHA| 24X S0 S8 6t

PBSOI 2 A&FAIA grid0il S&l

R Ch TEM Image &4 2 JEM-2010 200kV, JEM-2100F £ 0| &5t I Ct.

[\
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Figure 17. DO-& LI'=RS}IE Trinitrotoluene (TNT) 2 TEM Image

Figure 18. DO-& LI'=R3}IE Trimethylenetrinitramine (RDX) 2| TEM Image
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Figure 19. DO-& LI'.= 7Y SIE Pentaerythritol tetranitrate (PETN) 2| TEM Image

Figure 20. DO{-& L= SHE Triacetone triperoxide (TATP) 2| TEM Image
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Figure 21. DO{-& LI'=&3}E Trinitrotoluene (TNT) 2 TEM Image
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Lt RESHE Trinitrotoluene (TNT) 2 & & SH 2| TEM Image

Al
=

Figure 23. 2 01-

TEM Image

Figure 24. D 0-& LI FE3E Trimethylenetrinitramine (RDX) 2 & & SN2
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& FHe TEM

tetranitrate (PETN) 2|

Figure 25. DO-& Lt FESHE Pentaerythritol

Image

& M TEM

Figure 26. DO-& Lt FEI3}E Triacetone triperoxide (TATP) & &

Image
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SURETEH ZLSU Z0H-A= HED
nm, PETN2 400 nm ~ 500 nm, T

FOd TNT= 150 nm ~ 300 nm, RDX+= 200 nm ~ 400

ATP= 300 nm ~ 500 nm 3J| &

O
SaE S 2 4+ U

Ch £8t 7] SEi= Cubic2 = &0 & = JRULH (Flgure 17 ~ Figure 20)

= T
el 32191100 nmZ 2= BR0l=

(Figure 21 ~ Figure 22)

Lot A2 B &

IR LI H =2

BHE 20l= XS &02ot}H SilicaZ &
Figure 26)

Collection @ chosun

MO TNT= 5 nm, RDX= 17 nm, PETNS 6 nm, TATP= 4 nm &
DI HAEMOZ [0 =Y =

=2 A
S = %:lo

_44_
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NanoexplosivesE &S ZH-ASEHCHN ZZ =0l EMMot=XI0 CHol Calcination &
TEM ImageE S0t 2 QI5tRUCH Calcination2 &< &4 E NanoexplosivesE 300C 2

S0l SAItSCH JHE o) TEM 24 2 6tJ| ?16+3 Calcination & NanoexplosivesS
PBSOI EAFAIA grid0fl 28! £ =X A2l ® SF 2 washing  CHAl 212 20l S& 6t
Lt TEM Image &4 & JEM-2010 200kV, JEM-2100F £ O| &35t % Ct.

Figure 27. DO-& LIRS Calcimation A|l2] TEM Image (RDX)

0
O A EJ} Calcination= HE & 4= U/ULD L& @

USEO0| LS SEHOH LIHB S 240ICH

_45_

Collection @ chosun



4. Conclusion
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ABSTRACT

Chapter 2. Synthesis of Size-Selective Silicon Quantum Dots

Noh Jaeho

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

Graduate School of Chosun University

Nanotechnology development is one of the important issues in the digitalization era.
Therefore, interest in quantum Dots, which are nanoparticles, has increased. It can be
used in a wide range of fields and also plays an important role in future
nanoprocessing. Quantum Dots are particles of up to hundreds or thousands of specific
atoms, and the particles here refer to semiconductor crystals that have synthesized
protons into nanometers. When a quantum dot receives UV light, even the same
particle exhibits various colors depending on the size of the particle. In the synthesis of
such quantum Dots, the size of the crystal or the brightness of fluorescence can be
adjusted according to the temperature and the concentration of the monomer. The
proposed silicon quantum dot synthesis method can have good quantum yield and

narrower half width and size uniformity.
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Conduction Band

Valance Band

Blue Red)
High Low
Quantum Confinement Effect

Picture 1. 3J|0 E 24 & St

et 2I105~6nm £ 2 dNE2 2 HIHXIE S+6t0 S

S S0t ST T/ B2 AHZ o
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2. Experimental Section

2.1 Generals

=2 &8 842 standard vacuum line Schlenk technique2 AIE 6t S HGIACH a2
S2 482 0t=2 gas SO AHGIUCEH AEUH AFSE A

—

| 2= @l Magnesium silicide
Chloride = Sigma

Alfa-Aesar0il M Trioctylamine, dodecylamine, Sulfuric acid, Sodium
AldrichOfl A 25t Sl AIZSStA20 Diethyl ether= OF22 gas OlOIA
sodium/benzophenone= AtEGHH 24A12t Ol & reflux & S+ EH2 AIEGIULE stE =
S| NMR &4 2 Bruker AC-300 MHz spectrometer 'H-NMR, 300.1 MHz1Z} “C-NMR2| 75
MHzE 0| &0t ULt Chloroform-d= 24 A2t SO CaH, 2 stirringot & === KNI 46t
O AFE3HCH NMR peak 3tst& 0| S part per million (S ppm) 22 S HXIAH = CH.
Photoluminescene (PL)S & 2| &< 0ll= fluorescence spectrophotometer F-7000 (F-7000FL,
HITACHI) 2 AIZ0IACH ZU LA 2= =EotJ| ?I6tKH Absolute PL Quantum Yield
Spectrometer (C11347-01, HAMAMATSU PHOTONICS KK.)E ArE3SHRAUCE Silicon
Quantum Dots2| Z &AM S =0I51J| ?o UV-lamp (365 nm) 2 0|50 AIXES &

JotALH
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2.2 &2 ZNE gdd

1]

2.2.1 Dodecylamine Hydrochloride &4

250 mL Schlenk ZctA Ul Diethyl ether 40 mL 2t Dodecylamine 20 g <€ 1D stirring St
Ch. & Ct& 37 Z2tA2 30l Sodium Chloride 0.02 g2 €1 372 & & LURE
1 IJt20l 2+ E drop wise funnel2 & X| £ Sulfuric acid 10 mLE €0
= 250 mL Schlenk ZctA3A2 37 E24A AU cannulaE HZ oW =Ch. drop wise
funnel2 = S HA x& S & &S| Sulfuric acidE drop wise Al2ICt & 3022 8BS
= 250 mL Schlenk S2tA 0 A oF2F DHMIE A= L™ cannulaS K J16t1D 2 H 6t
O GtoF DHME FSSHCL EH Q0 Yt = EE2 BtE282 A3 X AIZICH HEE M
S22 'HNMR, 13c NMR spectroscopy= 0| 20t0] 216U CH mp 186°C, "H NMR (300
MHz, CDCLy), 8 = 8.29 (s, 3H), 3.00 (m, 2H), 1.77 (m, 2H), 1.25 (m, 18H), 0.89 (¢, J = 6.6,
3H), “C NMR (75 MHz, CDCL3) ; 13C NMR (75 MHz, CDCI3) & = 40.03, 31.39, 29.69,
29.66, 29.60, 29.40, 29.02, 27.75, 26.53, 22.73, 14.15.

_

2NaCl (S) + HzSO4 (l) —_— Nast4 (S) +2HCI1 (g)

CH;3(CHy)1(CH,NH; + 2HCI (8) ——»= CH;3(CH,);yCH,NH3"CI

Scheme 1. Dodecylamine Hydrochloride & 4 &
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2.2.2 WA WE

mio

R &z Xt =

0
14

250 mL Schlenk ZctA 0l Trioctylamine 40 mL £ 1) Low Form Dewar Flask SF0il A
LN, 2 €2l =02 = vacuumS & & GHH Degassing StCt 372 S2tA 0 reflux 2 &
Z 5t 1) Magnesium Silicide 0.46 g2 €10 AFE &
Trioctylamine 40 mLE EH&ECH 25 X240 {2t 220C, 240C, 270C, 300C, 360C
£ 24 & = M A& Dodecylamine HydrochlorideE =240 tet 034 g, 0.67 g, 1.3 g S

SOIZCH 1% 3Y SO 812 S MSSIC UV 1amp§ 2B HOIB S SE2 A2
g 3

1 Ar gasE 2 &L Degassing 8t

-

ZclJIE 0l1EdtAH 3600 rpm2 2 30

|0
HU
i
_|

Al <
a
00

™ oo W
O
Y
>
ol
o
a
00 O
O
Y
o
Ho

I3 &SHE B AL 0l= Fluorescence spectroscopy= 0/ &St

H
Dodecyl Dodecyl
Trioctylamine
Mg,Si +  C,,Hps—NH;*CI - H H
295-265 °C
Dodecyl odecyl

Scheme 2. 30| S X A2|2 2 H

IIQH
IIE
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3. Results and Discussion

3.1 ™H, “C NWR 2«

8448t Dodectlamine Hydrochloride2| 'Hul "CE =H0ot0] &40l MUZ HA=X 24

Bruker AC-300 MHz spectrometer 'H-NMR, 300.1 MHz 1} *C-NMR 2|

A

S 4o

75 MHzE 0| E3t ALt Chloroform-d= 24A12F S2F CaH,Z stirringSHO] &0

15t AtESHRALE.
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CH;3(CH,);CH,NH, - HCI
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Figure 1. Dodecylamine Hydrochloride 2| 'H NMR Spectra
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Figure 2. Dodecylamine Hydrochloride 2| “C NMR Spectra
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3.2 Fluorescence Spectra =4

SHE & Silicon Quantum Dots2| J|&= &8 E4= Z46tJ| ?IoH Photoluminescence
E =HGIQUCE T THEC! 460 nm ~ 480 nm 2 2D|RIHM BIS2EE 300C, BtS
AZtS 322 JAMGHRLE 2= S8 Z2H0AM Magnesium Silicide 2t Dodecylamine Hy

©

(a) (b)
200 1200 1200
—Ex : 410 Em : 460 Ex : 410 Em : 462 —Ex:410 Em : 460
1000 | - - 1000 |
150 —Ex : 450 Em : 496 Ex: 450 Em : 472 —Ex:450 Em : 480
3 —Ex :490 Em : 533 3 so0f Ex: 490 Em : 519 3 s00f 1490 Em : 516
b 490 Em: 3 5 1510 Em : 525 g o Em
s — Ex:510 Em: 543 ¢ 10Em: 52 g :510 Em : 524
2 530 Em : 547 m: 5 & 0 Em : 552
3 L XE2 i3 g L —Ex:550 Em : 600 | 220 B
@100 ox + 550 Em : 560 E 600 Ex: 550 Em : 562 E Ex : 550 Em : 561
£ £ =
£ = 2 4ol
2 2 40p 2
50
0 e . 0
400 450 500 550 600 650 700 750 400 450 500 550 600 650 700 750

0
400 450 500 550 600 650 700 750
Wavelength (nm)

Wavelength (nm) Wavelength (nm)

Figure 3. Magnesium Silicide2t Dodecylamine Hydrochloride2 mol HIEE (a) 1:0.25, (b)
1:0.5, (O) 1:1 & GIUS [ H|w! Spectra

Excitation HEX| =
€)) 430 nm 88 nm
(b) 430 nm 68 nm
(o) 430 nm 76 nm

Table 1. Magnesium Silicide2@ Dodecylamine Hydrochloride2| mol HIEE (a) 1:0.25, (b)
1:0.5, (O) 1:1 2 SIS M EHXIE Hlw
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e
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v
=
£l

FZHOl 460 nm ~ 480 nm AFO|2| g2¢=0| 2 PL Inten

sitygd S g 12 &2 A2 gl HRE Iigd MEez Z2st Aol
A8 2000 g & UCLL BHXIZESl B 282 1:0.25 88 nm, 1:0.5 68 nm, 1:1 76 nm

S H 1:0.25 Jt JtE broad8t JJHZE LIEICEL 3
H B = 2&2 PL IntensityOl 1:0.5&2 B3It JIE =2 PL Intensity ALUS2Z2E
1:101 BRIt =1 1:0252 BAR0= 22 PL IntensityS 2 AL
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SHE & Silicon Quantum Dots2| J|&= &8 E4= Z46tJ| ?IoH Photoluminescence
£ =ZOoIQUCH DI OHEQI 460 nm ~ 480 nm S L I|RIGHA Magnesium Silicide 2t
Dodecylamine Hydrochloride2| mol HIE& 1:0.5 322 XAHGIALCL 2= s

1
st ZAHNAM 2&2 2248t T2 ot &IHGHRICH

[l

(a) (b) (©)
200 700 1500
—Ex:410 Em : 472 —Ex:410Em : 464
600 —Ex:430Em: 472 —Ex :430 Em : 467
—Ex :450 Em : 486 —Ex : 450 Em : 487
150 | s00 |
3 3 —Ex:490 Em : 521 3 1000} ——Ex : 490 Em : 523
& & : 1522 g 1510 Em : 523
z g 400f : 1552 z :530 Em : 549
Z 100+ z Ix : 550 Em : 563 z X : 550 Em : 561
£ £ 300} £
= = =
g 2 a0l 2 W
50 -
100 |
0 0 0
400 450 500 550 600 650 700 750 400 450 500 550 600 650 700 750 400 450 500 550 600 650 700 750
‘Wavelength (nm) ‘Wavelength (nm) ‘Wavelength (nm)
@ (e)
1200 700
—Ex :410 Em : 462 —Ex:410 Em : 460
—Ex :430 Em : 462 600 | ——Ex - 430 Em : 463
100 —Ex 450 Em ;472 a0 Em - 86
-~ . o ~ 500f
3 800l Ex :490 Em : 519 3 — Ex:490 Em:
& —Ex:510 Em: 525 ) —Ex:510Em: 5
= —Ex:530 Em : 541 z 400} —Ex:530 Em : 54
z o) :550 Em : 562 z $550 Em : 565
2 £ 30r
2 400 F =
A A 200 |
200 | 1001
0 0
400 450 500 550 600 650 700 750 400 450 500 550 600 650 700 750

‘Wavelength (nm) ‘Wavelength (nm)

Figwe 4. 912 258 (a) 220, (b) 240C, (C) 270C (d) 300C, (¢) 360C 2 BHAS
[ HlmW Spectra
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Excitation HHX| &
(a) 450 nm 98 nm
(b) 450 nm 80 nm
(o) 430 nm 78 nm
(d) 430 nm 68 nm
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3.3 Quantum Yield 24
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Table 3. =0 & 4212 2XAE Quantum Yield
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