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ABSTRACT

Detection of Organic Vapors and Nerve Agent Simulant
Vapors Based on Photoluminescent

Bragg—Reflective Porous Silicon Interferometer and
Synthesis and Specific Surface Characterization of
Microwave — Exfoliated Graphite Oxide

Ahn Ji Hoon

Advisor : Prof. Sohn, Honglae, Ph.D,
Depar tment of Chemistry,

Graduate School of Chosun University

Chapter 1. Novel photoluminescent distributed Bragg reflector porous
silicon (DBR RS) exhibiting dual optical properties, both optical
reflectivity and photoluminescence, were developed and used as chemical
sensors, Photoluminescent DBR PS samples were prepared by an electrochemical
etch of n-type silicon wafer under the illumination with a 300 W tungsten
filament bulb for the duration of etch. The etching solution consisted of a
3:1 volume mixture of aqueous 48% hydrofluoric acid and absolute ethanol.
The typical etch parameters for the generation of photoluminescent
Bragg-reflective porous silicon involved a periodic square wave current with
50 repeats. The surface of photoluminescent Bragg-reflective porous silicon
was characterized by a FT-IR spectroscopy. Both reflectivity and
photoluminescence were simultaneously measured under the exposure of organic
vapors. And another sample etching solution consisted of a 1:1 volume
mixture of aqueous 48% hydrofluoric acid and absolute ethanol. Typical etch
parameters for the generation of photoluminescent DBR PS involved using a

Collection @ chosun



periodic square wave current with 80 repeats. The surface of potoluminescent
DBR PS was characterized by FT-IR instrument. Both reflectivity and
photoluminescence were simultaneously measured under the exposure of never
agent simulants vapors, The shift of reflection band to the longer
wavelength under the exposure of various nerve agent simulants vapors was
obtained. The steady-state photoluminescence spectra and quenching
photoluminescence under the exposure of various neve agent simulants vapors
were obtained. A set of organic compounds were analyzed by both quenching
photoluminescence and change of optical thickness.

Chapter 2. Graphite Oxide sheets have been used to prepare a strong
paper—Iike material, and have recently attracted substantial interest as a
possible intermediate for the manufacture of Graphene. Change electrical
conductivity by other atoms attached to the surface of Graphene can be
applied to a sensor that detects changes in the environment The case of the
Silicon Quantum Dots, semiconductor particles, the Electronic space on the
wall by the formation of discrete, and the size of the space gets smaller.
The higher the energy state of the electrons have a broad band energy
phenomena. Activated Microwave-Exfoliated Graphite Oxide (MEGO) was prepared
and used for the composite materials were characterized by TEM and FE-SEM. A
specific surface area was measured by the Brunauer-Emmett-Teller (BET)
method. Detailed information for the composite materials will be discussed.

_Xi_
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Chapter. 1

Introduction

Chosun_University, Department of Chemistry

Jihoon Ahn — M.S thesis
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2. Experiment

2.1. Materials

PBR PS £ BtSD| <ol AtEE a2l fA0IH= 0.001~0.003Q - cm 2 M&EsS =
= nt-type &2l2 FO0IHE AE3tA LD (phosphors-doped, orientation <100>,
Siltronix, Inc., Archamps, France), A2E0ME CHSI| AdH AIEE E0H= 48%
HF  =89% (St. Louis, MO, USA, Sigma-Aldrich)? &=8t ethanol
(Sigma-Aldrich) £ ALSSIACH. HIIGstE Al2ts 25t HMZEE etching cell
2 Teflon MEZ MAEZUCH 8FE E4FI| QIGtH Keithley 2420 &L &
MF& (Cleveland, OH, USA, Keithley Instruments Inc.) £ AtEGtNH (+) &

= 2z (Pt) wireE HZdl =AD, (-) 30 L=R0s (Al) S HZot
o Aot SII4 SIIE EXotol <ol =s8J10F C2  acetone
(Sigma-Aldrich), methanol (Sigma-Aldrich) Z12lX) benzene (Sigma-Aldrich)&,
nerve agent simulants 2 EXa&=S &I otH ABHESHL KA EQ
dimethy| methy | phosphonate (OMMP, 97%, Sigma-Aldrich), dimethyl
methy Iphosphonate  (DMMP, 97%, Sigma-Aldrich), diethyl ethylphosphonate
(DEEP, 98%, Sigma-Aldrich) 2l triethyl phosphate (TEP, 99.8%,

oo

Sigma-Aldrich) 2 F25t0 AtEotd 2, EX2 deid8 ZSIHAIZID0] <8t
Cu(ll) =0HE &435tJl <6t cupric sulfate (99%, Sigma-Aldrich),
N,N,N,N'-tetramethylethylenediamine (TMEDA, 99%, Sigma-Aldrich) el ==
&t methanol (Sigma-Aldrich) 2 AtEoIRULCE. sS40 2E RE AEE
standard Schlenk technique vacuum line & 0|0t Ar JtA AEHOIA M EA
Ct.

5 -
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2.2. Preparation of PBR PS Samples

Electrolyte

Si - <100=

Electrolite g1, Electrolyte T -
HF. 7 \S'/
HF; .
: : o S
|:|_ higl N F : F
. & . <
/S H H Si

Si .
Gl \Si e s
Teflon cell A o7

Figure 1. Fabrication of PBR PS

S8 BI| MMz &836t)] 218t PBR PS £ HMZoStI| fI6t0 Phosphors JF &
Z = 0.001~0.003 Q -cm2 M&=S 2= ntt-type &l2l2 RO0IHE HI|ISSES
2 A2 MASHRCH HE ZHEHE Teflon2Z HMZEE etching cell ALOIO &
20/ =2 2212 1 ol A2I20/HE 1.5 cn® o IJIZ2 E2t 0-ring 22
DEAZI =, 48% HF =2H1 =8t ethanol £ 1:3 HIEZ &AM HES &2
A2 [A0IH {0 ot 0-8oz RRe Hwa (Pt) 48 Z2E ool €0
BHad (-) d=30, €20l H2 (+) =30 HZSHOH Keithley 2420 DH Y A
HIRAZ2 MESIH MFE ZFQUCH A0 XEL = S FIHE2Z SAl0
300 W EAH g2 HEE A0 Z0 U= AOIHLAN AXISHH LI=Z2ES
FIOIRO2 MAL N SHUCH. A2t ZAHS DBRE OI8dH =2 M2 300 mA/end =
180 £ Y2 MF 80 mA/em’ 7.4%F SO S2i{Z1D 0] UHES 508 Bt= & =AC
SAb A 2R dM=2 8Z56tI] fI8 PBR PS £ M &Gt IG5t Phosphors Jt
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2.3. Optical Characterization of Prepared PBR PS

Computer

Light

Sources
(White, UV, LD)

USB2000
Spectrometer

I Optical Probe

(

:

Optical Table ™

“

Figure 2. Bench setup for optical characterization of PBR PS
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2.4. Detection of Organic Vapors by PBR PS
2.4.1 Experimental Setup for Organic Vapors under White

Light Sensing

1L/miip
]

\Orga nig

A

White
light

Figure 3. Bench setup for Organic vapors under white light sensig of PBR PS

Nz 02 XEJIE I RIIE 8229 BJ| €XE Hst PBRPS MEZ2 300 W
EAH &=2d I JIHM AZIE OlEol A=22 &d SHUCH. 0.001~0.003
Q -cm o MBS 2= nt+-type 22l2 FOIHO =S MR 300 mA/em” S 180 =
Se M2 80 mA/en’ 2 7.4% S0 £ 503 BHEGHM E24=0f THEHIF 760nm,
BEXIZO0l 16nm ©! PBR PSE NIAGIRUCH. SI| EXASES <ol Figure 3 2 20|
AEIIPE DE-EXGIAUCH. UKE =izt (A) o 92 &Y (B) 8 &z &E
Z HZot] A fle 24 (Methanol, Acetone, Benzene) 2 €0 ZFHIot2 B 2
LHR0= HZEE PBR PS MES LNEAIIILD RYFE ODHZ 20t 22 219 R
22 Y=0. DEE HEZ9 mEQ BHstE =Fol)| ot optical fiber & 1
S0 20l DEAIA LALE M 20| BHAIEZIO Hi2 EXI20 SHZ &> UES
ZHGIALCH. A Ol Ar JIAE 20HE0 2&A29 JtAJ METES 6t, Aol A
ZE0 A=e B 2 OIHE 20 A 2 JtADN B BOZ RUE £+ U= &L 8
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AT= Ar JIAS SE2 Flow meter E AFE46IH 1L/min 2 e = U
HGIUCH. S fume hood CHHIA REE N EX & L= SIIE HA
EX0 AMIEd=s 2E RIIHE &2 degassing ot AlE SHALCH.

2.4.2 Experimental Setup for Organic Vapor
Quenching by PBR PS

A

1 L/mip

I OtcHOIM PLSl QuenchingES OlE8t RIIE SI| EAAEE <
20| SHLX &= LA0AM Figure 4 2l
s wmel& (A) 2 sel W (B) E delzd &
(Methanol, Acetone, Benzene) 2 £ B
DEAID RAPE OPHZ &0t 22

A7
o ImMAEC HSE =HoI)| RAstH optical fiber

z=2
==

£ g 20l DEAIA LA
S UV 20| 907 2 BtAF E HIZ detector0ff EHZ = JAEE TFHOIJLCH A
Ol Ar JtAE S2HE0H 2422 JtAJN MHADES ot, A ABE X9 B 9
OHE E€0 AWM MAEE |II2 JtAJH B Bz REE = JUESE stt. =
Cl= Ar JtASl RS2 Flow meter £ AFESIH 1L/min 2 SUE = JAESE =&
OtUCH. &A&E& fume hood UM &AEEZNH EX = L2e SIIE HA o] &
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XNl AMEEsE 22 I &2 degassing ot At= oIQICEH.
2.

4.3 Experimental Setup Detection Limit of PBR PS of

Organic Vapors

Argag
Flow Meter . .
Light Source

Figure 5. Bench setup for Detection Limit of PBR PS

PBR PSS Xl 8tHIIJL OICIMKIIX LOLEDI 6 Figure 5 @ 20l JIE0 £X
HFAE AE X S0l Flow meterS O0IE0IH Ar JIAE =20 200 =
SJIE IS0l etd soi3=0 PBR PSSl EXI stAHOl CHet &

ol

1812 XIsH FHCH.
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r

2.5. Detection of Nerve Agent Simulant Vapors by PBR PS
2.5.1 Experimental setup for Nerve agent Simulants

Vapors under White Light Sensing

EéMMiM”maoumH4%%5@!&%&Jﬁﬂweéaé%mm1IE

3 X %2 MR 80 mA/enf E 7.4% S0Q & 503 BH=4
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80|22 DE-AXGHAULH. ULE |2l (A) 2
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Scl BH (B) E &elz2 §82 HAGL A Ol 4= (TEP, OMWP, DEEP) 2
20 ZTHIgt2 B o WR0l= HZEE PBR PS MES NHAILD RUFE 02
9ot 22 BJ19 RYs U=, DFE M2 IHEo HeE =FoH)| fIohH
optical fiber & O 201 DEAIA AL M 0] BEAIZIN B2 A&
O SEHZ &= UATE ZHOIACE. A Ol Ar JIIAE SHLENH SA 22 AN MY
SE= otd, Ao HZHN U= B 2 OIIHE €0 A 2 JtADL B BoZ2 R
= JAEE &iCh. RUTE Ar ALl S22 Flow meter & AFESHN 1L/min 2
7dE = UAEE I ZEoIRUCH. A2 fume hood OlA KM EX = L=
ZIIE HA Gt} XU MEDHE RE RIIE SE 2 degassing ot ALE ot
UCH

2.5.2 Experimental Setup for Nerve Agent Simulant
Vapors PL Quenching by PBR PS

Uv & OteHOIA PLS QuenchingE 0188 |I14 3| ERAEES <o OUE
20| SHRX 2= dAUM AEIIFE Figure 4 °F 201 DE-EXISHIALC.
g Je2l S NEE FeMHE ez FEz2 HEGHD U tle 242
(TEP, ODMMP, DEEP) 2 Y0 =HIGtL Rel&H WL =
DEAINILD RAFE 02 240t 2F 37|12 RS A=0t. DEE 422 It
ol HaetE =ZolJ| ot optical fiber £ %

0l 90° =2 BtAb &l HtZ detectortil =
IAE E0HEN 2AS2 JtAI MAY

=
A RYE %

(=
Y

rr
>
Jo
m
-
@
=
o,
1%
0z
e J

Hel DIHE 20 MAE KRIIZ2 el = UTE 8Lt gL e ot
A9l RE2 Flow meter E AIE3IM 1L/min & K& 4= UAEE XEHGIQULCH. A
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2.5.3 Experimental Setup Decrease of Reflectivity
Intensity for PBR PS of Nerve Agent Simulant

Vapors under LD

2L/miip
: 4

eI ageng
S gy
nan

Figure 6. Bench setup for Nerve Agent Simulants under LD sensig of PBR PS

-

al 5
IA Figure 6 1F 20| oAl 22 22 NEoZ AEsS
UCH. SUZE=E Ar JHAS S22 Flow meter & AFE6HW 1L/min 2 K& %=
b fume hood WA &EEENH X = LI2eE S|

5 g2
S0 AMstHe BE SIIY 282 degassing ot AFS GIALCEH.

>
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2.5.4 Synthesis and PBR PS Surface Coating of
Copper (11)-TMEDA Catalyst

PBR PSQ| EIXl 2AZ20 2 MEHHZS ZIHAIIID| <6 PBR PS MZ T O
Cu(l1)-TMEDA =0HZ DE 5IYUCH. PS T STHE Al MEAHS =IHAII)
01 CHst o1= 0101 20E HioF UCHE® 050 mL "z Z2tA30 2atRel

2
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2.5 g (10 mmol) S €10 Ar JIAZ XI&AI2] = methanol 30 mL Ol WEHSIH =2
HolSCH, 25 =2 210| &0IZ3d TMEDA 1.2 g (10 mmol) S WEHeIH S AT
It =™ Cu JF TMEDA Ol BHRIZ & (coordination bonding) &M &&=
Ct. OIZF 10AI2F S¢t =D BI26IH T=H Y2 Z2M5 2= Cu(l)-TMEDA =04
ME 22 4 AL, 015 =220 oot 0lel MEZ= PBR PS MEZEHO S
spin-coating ot04 PBR PS ES0| Jls3st ol F=RUL.

2.6. Infrared Spectroscopic Measurement of
Functionalized Surface
PBR PS EHHO =0 & S&S =240t fot FT-IR Spectroscopy (Nicolet
5700) £ AI=26IQCH. FT-IR 2 =®42 absorption mode £ AI=2ol¥ 1,
spectral resolution 2 4 cm' , 2X 2= 500-4000 cm™' O|Ct.

— 14 —
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3. Results and Discussion
3.1. Preparation Result of the PBR PS

fc2l= 0.001~0.003 Q -cme M2 H= ntt-type &clZ2 KO0IHE MIISEH
A2 Soll & BHAIA Ut & 2248 ES SAN 2= O34 ael22 MEGHAL.
MEO| SNl EHZ 0I5t 25t Ocean Optics S2000 spectrometer £ At
2ot AHEHZ =0l StALCH
Bragg equation : mA= 2nLsin@
(7}
T m ; spectral order of optical fringe
A ; wavelength
n ; refractive index
) L ; thickness
Figure 7. Measurement principle of reflectivity spectrum
2 BHAHIDb= Bragg A0 et OIFEOl LIEtLI=O PBR PS HEHHO| SHAMZR
(360-2000 nm) 2= Aot , L= PBR PS O EHOA BEAIDE &0 CHE 29
UR= sy A28 &2 Sitst = AR U220 BIAIEIH UHesE TIE 5
II&E0l Chasd &el2 &2 M (L) o et stLel mae 222082 ot o
2 otLel IIEeES MAMZEE ol=d 0l 22 2 AMA-ESEAZ2 Figure 7 &
20| Bragg A0 WECH. 0l Al0IA sing OF 90 °C & M 2 n. O] TI22 &S
PBR PS 2 =2ZEW JI32 200 2o Z2FECH. 0|2 &2 Z2U=Z BtAtol= &t
X MHECHOIAN 5= 40| 20iLi= E8lE 20/=0l 0/E DBR = 2t &t
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Bulk Semiconducter
Semiconductor Nanocrystal

Conductin band

E fermi

Valence band

"I.I" 'IUI"

Figure 8. Measurement principle of PL spectrum
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Reflection Intensity (a.u.)
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Figure 8. Reflectivity and PL Spectra of PBR PS for Organic Vapors Sensing
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Figure 8 2 Organic Vapors SensingOll 0|28t PBR PS= BFAF AEEZ (Green
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Figure 9. Reflectivity and PL spectra of PBR PS for Nerve Agent Simulant
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U

Sk = U 0IE AFOIXQ D129 3AD| (C) & £ 0toIaA&9 20l (B) £ 2=
ASE WX JIs0lcke HE & = U/UCH. FE-SEM OIDIXIZS Soil MEE PB

£ &0l 3l¥ D, Organic Vapors Sensings &
(
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D) Nerve Agnet Simulant Vapors Sensing2
Al

N2 B0 O 288 AZ AT § M=

o o
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3.2 Detection Result of Organic Vapors by PBR PS
3.2.1 Organic Vapors Sensing using PBR PS

N

22l= Acetone, Methanol, Benzene Ol Ml JIX SE&=S
dalsS ol =HIs UKE K220 MDD 02 |2l #H

o
=2 & = Vapor Sensing 2 && oIQULCEH.

0 mL & F3t Vapor
= M= PBR PS M

2

Fresh

Fresh 4000 -
Benzene
3500 Methanol 3500 Methanol
Benzene
3000 - 3000
S 2500 | 3 2500
& <
K
>
2 2000 - £ 2000
7] ‘2
= £
£ £
= 1500 - S 1500
= =
1000 - 1000
500 L/ 500
|
0 1 1 1 1 1 1 0 L L I I
740 760 780 800 820 840 550 600 650 700
‘Wavelength (nm) Wavelength (nm)

Figure 11. Shift of Wavelength (left) and quenching PL spectra (right) under

the exposure of Organic vapors

Figure 11 OIM= Organic VaporsE =20 FUS [ PBR PS 2| BtA} ABIEZ O]
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2ol AZ A (right)S 20HZF1D JCH. A e =
AN = == UX0l Organic Vapors2 EHFUZS M =J12 DBR BtAF II3JF HItE
HSIE RS & QURUCH. 0olAHS 24 Algl=29 J|12

JtAI21D 2289

H1StE OFJIGH Bragg A0 et BFAF AL &t
Of OelZE BU=S M Organic VaporsE 20 EsS M MEQ =7|9 &2 0l
SIA =019 EX0 et AZ =S o2& s £ QUL
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Figure 12. Relationship between Vapor Pressure and Wavelength Shift

and Stern-Volmer plots for three different analytes at various vapor
pressures

Figure 12= SJ1&0 2 WES WS

r S E
OICH 91° JHZOIA 2B SIIL0 W2t B OS2M AZsHs FEI} o

st 2 &ICH
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3.2.2 Summary of Organic Vapors Sensing

Figure 13. relationship between the wavelength shift of the reflection peak
and quenching PL

OtXIBF Figure 13 2t 2= Wavelength shift2t Quenching Photoluminescence 1
10 Vapor pressuredil (& AZAHE LIEHUH=E &XRL JAZE SWH UHAL
PN b OF 8r2O| AR

o] Ols &= 3J120 Met Hsthhe s &€ = U
Ok
ot

212l OE HEJIE I LAUE =& Ottt
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3.3 Detection Result of Nerve Agent Simulant Vapors
by PBR PS
3.3.1 Nerve Agent Simulant Vapors Sensing using PBR PS

I I i
P, /P-,,W P.,
s s - iy
mcmcdf'\%xﬂﬁﬂ3Hﬁﬂﬁ ‘fﬁ%ﬁ% H;C ¥%§m
OCH2CH3 2 3 3
TEP DEEP DMMP

Figure 14. Chemical structures of nerve agent simulants

fele fIiM 208 Z2UE 2280t O ZAE PBR PSE HMZEGHLD 0§ 018
ot TEP, DEEP, DMMPS EXicte= &S XAGIUCEH. Ol Al JHX E42S 20 nL
floil =Hlet UKHY =20l MR TOE =l #Hols

=
A F B Vapor dIAIZ
A = Vapor Sensing 2 &8 GHQLEH.

NZ&E PBR PS =22

4000 - \ 50
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[ — DEEP e DMMP .
3500 - | i‘ -~ TEP e TEP
[ —  DMMP 40 |- * DEEP
3000 ’é‘
_ £
5 2500 &
< E 30 -
~ 7]
£ 2000 =
2] o0 .
g g 20|
S 1500 < .
= >
«
1000 =
10 -
500
0 L L a | 0 1 1 1 1 1 |
600 650 700 750 0 50 100 150 200 250 300
Wavelength (nm) Vapor pressure (ppm)

Figure 15. Shift of Wavelength under White Light of Nerve Agent Simulant

vapors
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$c2le= PBR PSE 0I&0tH Nerve Agent SimulantE & Xl otz A& S oFRUL.
Figure 152 2™ Nerve Agent Simulant SE8F BHAHZE Of2HOIA SO0 W2k IOt
0| 0lSot=e 8%t T2leE HE 2 = UL
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Figure 16. PBR PS reflectivity under Laser Source
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Figure 17. Decrease of reflectivity intensity for PBR PS

of Nerve Agent
Simulants (Real time)

Figure 17= clOIX OtcHOIA PBR PSIH MAZAM BXl JIssS & I W& Hat
O HE =S IFEUS gt OE A% das = A0, 3918 20 €0
TS HRH B2 AZ6t)| AlI&HGtD SIIE €0 == HS SN US HRYH bt
2 20l =0t e As =l & = UL OlHe 2H2 208 Z2UHE 29
clOIM OteHOIAM = PBR PSE= 288 BAldsS = Ues HE € = UULH

3.3.2 Infrared Spectroscopic measurement of Cu(|1)-coated surface

2+
Me Me
\Nf L e
Me B T Me
m
H:0" TOH;
(.“2+ QO
|| Me / Y Me MeOH
§—o + \N N/ 2 T G -
Z i
| | Me™ T Me 23]
0
N

Scheme 2. Synthesis of Cu(ll)-TMEDA catalyst
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f2l= PBR PS 2 nerve agent simulant &7 X2 de4dE ZItotI| <I6HN
Scheme 2 1+ 20| Cu(ll) =0HE &4&ot0 PBR PS EHOI| spin-coating GtRALE.
PBR PS o HHOl =010t DEOlI & JIZ ¢t9) 2E &0l =0tXIA &1 Bragg
A0 et OHEE WG =0
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Figure 18. Change of wavelength of Cu(ll)-TMEDA catalyst coated PBR PS

PBR PS HHOl =02 RE=2 =22E° H3t
ULCH. 0182 Cu(l1) =00 240171 22 He=z HAEHCH olZgH 2EE
PBR PS MOl E2A2 FT-IR 2| absorption mode E A&ESotH SAGHACH. Figure

0 1592 cm' Ol Al & (N-H), 2880 cm' OIA v(CH) S &

19 GIAM =l & = U

_l'\ql
[
/
= / {
M
= [
g #(S-OH)3310cm'! || J‘.
z | '; 1
§ v(C-H) 2880cm! 6(N-H)1392cm! |I ’ rJ\
2 v(0-Si-H)2250cm! 'lu.u'\,l '.f
| —— ] 1 1 1 1
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Figure 19. FT-IR absorption spectrum of Cu(l!)-TMEDA catalyst coated PPS
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3.3.3 Nerve Agent Simulant Vapors Sensing by
Cu(1)-TMEDA Catalyst coated PBR PS

S 2l= nerve agent simulants 71 X2 A8 E =01J| QoM =2 HH
o Cu(ll) =02 REM3H StACH. O MES JtXL2 Ol™ b OF&IEXIZ nerve
agent simulant SJ1 & 20 €01 =A=S [} LD OtHOIA UHZEN B3t St=XI0
CHoH 2 O0F 2 UALH.

4500 -
4000
~ 3500 |-
=
&
£ 3000 |
w2
=
e
=
= 2500 - Fresh
— DEEP
— TEP
2000 - —— DMMP
1500 | | | |
0 50 100 150 200

Time (sec)

Figure 20. Cu(l1)-TMEDA catalyst coated PBR PS under the exposure of Nerve

Agent vapors

+ ¥ +

OH; OH ro~ N“OR OH OR
H | OR

N—Cu—OH, =———= N—Cu—O0H, N—Cu—O0=—F—OR

R W

Scheme 3. Complex of Analyte with Cu(11)-TMEDA catalyst

_26_

Collection @ chosun



Chapter. 1

Jihoon Ahn — M.S thesis

Chosun_University, Department of Chemistry

O <t

HetE LD Of

0t =

=
S

PBR PS 2| &< nerve agent simulants &

ZEE

OH Dt

=
]

cu(ll)

0

JIE 0

H
JIZ0 LD OtcHUIA

[m;

=
T

SH
=

ANE &

El
=

cHOoll A 2l

0ot 2

=
]

=0l Cu(ll)

53
Kk

O

H

A<
ioJ

F

PBR PSOt THEHXI Jts

ot

J

0l

ol

ol
ar

oI
s

Ju

=iy

19t =0t Xl

o

|1E MO EHX|
Scheme 3 2f

IH

J10t

Ol nerve agent simulant &

2+
=

0=

=
-

Cu(ll)

SIOHAIZIA

_27_

Collection @ chosun



Jihoon Ahn — M.S thesis Chapter. 1
Chosun_University, Department of Chemistry

=< [=]
AAy 2t Zst BhAb ABEHNA OBRZ H&A = X = &g &= UJULCH. DI

Z d2482 sAl0l JtXI= PSQl PPS Ot M Ol AAULCH
OtXIBH JIES] PPSE BHAMIIE S| A Fabry-Pérot fringe pattern 02| UHZ 0l
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Chapter 2.

Synthesis and Specific Surface
Characterization of Microwave -
Exfoliated Graphite Oxide
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2. Experiment

2.1. Materials

A
S
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2.2. Synthesis of Microwave—Exfoliated Graphite Oxide
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Figure 21. Synthesis of graphite oxide
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EHCl Graphite OxideE &2 %= ULt.
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Oxide Oxide Oxide

Centrifugal 150°C Oven Microwave
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Figure 23. Exfoliation of graphite oxide process using microwave
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3. Results and Discussion
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3.2. Result of the MEGO

Figure 24. Comparing the Volume of [A] Graphite Oxide and [B] Microwave -
Exfoliated Graphene Oxide in the Same Weight

1 15.0K 7.4mm x k SE(L) 5.00um 1 (L]

Figure 25. FE-SEM image of Microwave — Exfoliated Graphene Oxide
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Figure 27. Graphite BET data
Adsorption / desormption isotherm BET-Plot
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Figure 28. Milling graphite BET data
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Figure 29. Microwave — Exfoliated graphene oxide BET data
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Graphite 14.07 13.0346

Milling Graphite 49.133 43.337

Microwave-Exfoliated

) 134.67 124.99
Grapene Oxide

Table 1. BET data of Graphite, Milling Graphite and Microwave — Exfoliated

Grapene Oxide
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4. Conclusion
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