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ABSTRACT

Fabrication and Optical Characterization of
Polysiloxane-Based Hybr imer Resins Based on Newly
Developed Crosslinking Agents and Development of VOCs

Sensor Based on Rugate PorousSilicon

Jeong Seong Eun

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

Graduate School of Chosun University

Chapter 1. New cross—linking agents containing silicon-hydride such as
linear  hydrosiloxane oligomers were wused for the synthesis of
phenyl—-vinyl-based polysiloxane resins via hydrosilylation reaction. Here,
we discovered linear hydrosiloxane oligomers as a new cross—linking agent.
Phenyl—-vinyl-based oligosiloxanes were synthesized from the reaction of
diphenylsilanediol and vinyltrimethoxysilane through a nonhydrolytic sol-gel
condensation. Linear hydrosiloxane oligomers were obtained from the reaction
of dichlorodimethylsilane and dichlorophenylsilane. Dimethylchlorosilane was
used as a terminating group of linear hydrosiloxane oligomers. Structural
analysis of phenyl-vinyl-based oligosiloxanes and linear hydrosiloxane
oligomers were determined by using 'H-NVR. For the synthesis of polysiloxane
resins, the reaction of phenyl-vinyl-based oligosiloxanesane | inear
hydrosiloxane oligomers in the present of Pt catalyst was carried out.

Linear hydrosiloxane oligomers as a new curing agent provided the

= Xii -
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pheny|—-vinyl-based polysiloxane resins showing a good refractive index, high
hardness, and great transmittance. Based on this, we developed an optimal
cross—linking agent.

Chapter 2. Novel photoluminescent distributed Bragg reflector porous
silicon exhibiting reflection optical properties were developed and used as
chemical sensors. Adsorption and desorption characteristics of gradient
Rugate-structured porous silicon (PSi) were investigated under the exposure
of organic vapors. Rugate PSi samples were prepared by an electrochemical
etch of p"-type silicon 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.
reflectivity were measured under the exposure of organic vapors. The shift
of reflection band to the longer wavelength under the exposure of vatious
organic vapors was obtained. The detection of volatile organic compounds

(VOCs) using the gradient Rugate PSi had been acheved.

- Xxiii -
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Chapter One.

Fabrication and Optical
Characterization of
Polysiloxane-Based Hybrimer
Resins Based on Newly

Developed Crosslinking Agents
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2. Experiment

2.1. Generals

2 A8 2 standard vacuum line Schlenk technigues AIZ3IUCH stE=2

22 JIH =2<II0A Aot CH. A0l AFE8 AlIFSQl Barium

gtd2 Oof
hydroxide monohydrate,Dichlorodiphenylsilane, Dichlorophenylsilane,

Dichlorodimethylsilane, Chlorodimethylsilane, Lithium aluminum hydride (2M
in 2THF), 2,4,6,8-tetramethyl-2,4,6,8-tetravinylcyclotetrasiloxane
S2 Aldrich 2 Alfa Aesar OIM T35t AIEoIRL, Platinum(0)-1,
3-divinyl-1, 1, 3, 3-tetramethyldisiloxane(Pt)1 vinyltrimethoxysilane(VTMS)
= @CI0IZ2IZ0A oo AFE0t % CH . Magnesiumsul fateanhydr ide(MgS04,99%) ,
Sodiumbicarbonate(NaHC0s,99.5%), Tetrahydrofuran(THF), Toluene, DiethylEther,
Chloroform, Acetone2 OCIUHA PR USIHAIESIUCEH. 0= 0t22 JtA 2|0

Al sodium / benzophenone 2 &M 24A12F Ol& &= A2l & A6t

2.2. Synthesis
2.2.1. Preparation of Phenyl-Vinyl-0ligosiloxane (PVO)
2.2.1-1. Synthesis of Dipheynlsilanediol (DPSD)

Ol &2 A=20M AAISCH 1L 82 224230 SF+E 500 nLEAHGHD
sodium bicarbonate(NaHC0s)E 19 g(0.226 mol )SE0{st & WEIGIH ZSHF0 2
ol =oltt. 283l Edi=H dichlorodiphenylsialne(Alfa) 30 g (0.118 mol)S
dropping funnelE O|E0ot0H Fotetlt. FotE A Alcte =25 H WM =220 A
ECC. §oF 22 & 20| 2UIIRI HEHUEE 2 A2 WEtE AAS &
diethylether& 500 mL SOHoHECH. 2 Al2t WS AASt & 2EZUIIE 0l
of 252 HMIXotl RIS 2 2ROIHECH RIISH HotUesE 29 2=
=52 MAHGHI| fIoi HO0E 0I8ctH EHME AMHA = =0 == magnesium

o

sulfate £ 0l&0IH === 285l HHH=E = 20 at
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ESEL. 2SSl SMME 283l HHoILD B 2oz H2 S0 HE2
E==22 MHoID| RAoHA toluene 800 mL Ol =0 MMZE & & 22 0{Uot{ e
Mol HAAEZ  L=Ch. Diphenylsilanediol2 NMR datas= CsS ZC.

'H-NMR(300MHz,CDCLs) & 7.77 (dd, J = 7.9, 1.6 Hz, 1H), 7.56 - 7.40 (m, 2H),
2.86 (s, 1H). "C-NMR(75MHz,CDCI3) & 134.5,130.8, 128.2.

2.2.1-2. Synthesis of Phenyl-Vinyl-0ligosiloxane (PVO)

250 mL E2tA3 0 VIMS 10.3 g(69.4 mmol) 2t DPSD 15 g (69.4 mmol)S &HDIIot
1, Z0HEM BH(Ba(OH)>H.0)E 26 mg (0.1 mol %) &I & = BIHAIIE &
StCt. oil bathE 0I&5t0d &2 80C & NFAZI & WEIGIHA refluxE &
ABHCH B39 2422 MATl= methanol 2 EFAIIIHA 24A12F WEHES AlA|
StCh. wWEHOl 22 & MAHE methanolE2 ZLSLoIH HMAHMFL MHA=2S
acetonelfl =0 JEAS silica gel2 Gt column chromatographyE & & =
2SS LG acetoneE MAHGHH = = G4 filter (30 um)E 0185t 22041t

ot Sl EHotld B4H0l A= PVOE & SotUCt. =8t PVO 2 NMR data
ChS1+ 2T+ 'H-NMR(300MHz,CDCI3) 6=7.87 - 6.82 (m, 4H), 6.31 - 5.39 (m, 1H
3.70 - 2.91 (m, 1H). “C-NMR(75 MHz, CDCL3) & 136.84 (dd, J = 74.9, 27.3
Hz), 135.93 - 135.40 (m), 135.17 - 133.70 (m), 133.54 (dd, J = 5.6, 3.2 Hz),
130.64 - 129.63 (m), 129.63 - 127.55 (m), 127.79 (d, J = 2.6 Hz), 127.79 (d,
J =26 Hz), 77.57 (s), 77.15 (s), 76.72 (s), 51.25 - 50.69 (m), 50.31 (d, J
= 12.6 Hz).

=1

2.2.2. Preparation of Oligohydrosiloxane Crosslinking agents

2.2.2-1. Synthesis of 0Oligohydrosiloxane 1 (po1)

250 mL JIXIEel s2 SekA30 H0 100mL2t diethylether 100 mL € &JtotD
EZ2tAT WHEE Ar 290J|2 XStotn ugts A AISCH. 922 bathE 0|256HY
ZctA3e 2EE 0Cz2 DEANZIZF AelXE 0/Zct¢H dichlorophenylsilane
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6.85 g (0.039 mol), dichlorodimethylsilane 5 g (0.039 mol)E SAlI0l WWEXA
SOEtCt. 102 =2 WEtES AAlgt= hlorod|methy|3||ane 7.32 g (O 077 mol)
S d&Eol EAAIZICH. 0 22 = 0COHA 302S WEIAIAF AS =
bathE MG 2LEZ2 AROZ SHFTTA 2AI2tS0F WS /é'/\IBJE}. weo|
2AZE 20 ZEZMIIE 0I80t0 AsMEE U= S25S MHGIH =1, 62
o &= MAHGHI| <o H0E OlEotH ZHME & AISCH. £ magnesium sulfate
E 0/80ot0 =22 2Hdl HAHME & FSUH ZMIIE 0186t 220 U6HH
2HS J2 = vacuum lineS O0IE56IH Z0HE HMHS = G4 filter (30 umE
0l 23t0] 225 SHE HMAES polg L=Ct. 84E pol2 NMR data
= OS2 20 'H-NMR(300MHz,CDCI3) §=7.85 - 7.18 (m, 7H), 5.43 - 4.57 (m,
2H), 0.38 - 0.01 (m, 12H)

2.2.2-2. Synthesis of 0ligohydrosiloxane 2 (po2)

250 mL JtXgel S2 Z2A3A0 HO0 150mLet diethylether 150 mL £ & Jtot1]
ZctAT WHWEE Ar 21712 X&s6tn wets AASHL. €82 bathE 0IE56H0
SctAdo 258 0C2 NEAZIZ AHelXIE 0I=26t¢ dichlorophenylsilane
6.85 g (0.039 mol), dichlorodimethylsilane 10 g (0.077 mol)E SAIG W=

SOEtC. 102 32 WEtS AAlgt= chlorodimethylsilane 7.32 g (O 077 mol)
S d&Eol EAAIZICH S0 22 = 0CHA 302S WEIAIAF Aq22
bathE Mol 2EE ARO2 SHFHA 2AI2tS0H nsts E/\IaHZ}. weo|
2AZE 0 FEZMIIE 0I=26tH ZeEES Y= 252 HIAGHH =1, HE
o &= MAHGHI| <o H0E OlEotH ZHE & AISHCH. £ magnesium sulfate
£ 0I85t =22 &&ol MHolE = 7F3UH ZMUIIE 0185t 220 ot
BHZ A2 = vacuum line2 0|26t S0HE HHE = G4 filter (30 umE
Ol 25t 22 UotH FH8E UXAEHS po2s 2=Ch. &4AE po22 NMR data
= ChSt ZCH. H-NMR(300MHz,CDCls) 8=7.81 - 7.19 (m, 3H), 5.40 - 4.61 (m,

1H), 0.50 - 0.01 (m, 10H)

2.2.2-3. Synthesis of 0ligohydrosiloxane 3 (po3)
250 mL JIXIEel s2 SetA3A0 H0 150mLet diethylether 150 mL € &2Jtot12
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2.2.3. Preparation of D1 Crosslingking agent
2.2.3-1. Synthesis of Diphenylsilane (DPS)

DI &dalll &0l AZSEQ diphenylsilane (DPS)E SHAdHACH. 250 mL JF
2

2 ScHAZ0 dried-THF 50 mLE 0ot SctAd WR
Aot wets AAIstt. €82 bath€ 0IE0tH SctA3C

=z
DHEAZIZ dichlrodiphenylsilane 10 g (0.0395 mol)S &A2IXE 0|=Z0}

ZctAT WHWEE Ar 21712 X&s6tD wets AASL. €82 bathE 0I256H0
SctAdo 258 0C2 NEAZIZ AHeXIE 0I=6tH dichlorophenylsilane
13.5 g (0.077 mol), dichlorodimethylsilane 5 g(0.039 mol)E SAlG WEH &
O BtCH. 102 SO Wetg & AI8H= chlorodimethylsilane 7.32 g (0.077 mol)S
HEHS EWAIZICH. E0It 25E & 0CHM 3022 WEAIAFLD, €S2 bath
E HAHGIH 25 E AS222 S2FHA 2AI2tS0H wbts AAISHCH wWEto] &
SE =20 =EZMIIE 0180t ZetdE Y= 23S MAHSHH =10, =9
&S HAGH ?loll HO0E 0I=6tH HME AAISCH. 2= magnesium sulfate £
0l8old =22 2&s| HAHMNE & Fs4 ZMIIE 0/8ot 22060 S
HS 22 = vacuum line2 0I5t SO0HE HIHSH & G4 filter (30 ym)E 0l
20t 2SI FHeE MK AENC po3sS L=Ct. &&E po32l NMR datas
Ct=2 2t 2CH. 'H-NMR(300MHz,COC13) §=7.88 - 7.05 (m, 4H), 5.42 - 4.60 (m, 1H),
0.39 - -0.11 (m, 3H)

ot) AHZ WBHAI2ICH. drop funnel2 O0OI=dt0  |ithium aluminum hydride

solution (2M in THF) 12 mL (0.0197 mol)E & &S| &DIIGtH =Ct. &
T 0CHAM 1AIESQ WEHAIZI =, E32 bathE HHGIH 2EE
SFHM FIEOZ A4S0t wets AAISHCH WPl 22 H 2H
HUE =0 SO0HE HMHE StH=EH F=S ELEsh UHAES SHS
O toluene2 100 mLE &EJIol & = R3S ZMIIE 01E6HH 2
&S HMHet SHBH FELH, FE SUE MIHZ0HZ tolueneS ALESHLD
£ silica gel2 Gt column chromatograph & B =eC. & =8t
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N

]
52
5
2

0l
:.‘:'z
=
3
ol
g

2
0
&
10
0z

x

0
ujo
e
1
50
rr
.
(@)
oy
o
S
e
3
=2

H)7 .46 -7 7 (m, 145H),5 .27 (d
J=3.4Hz, 1H) ,4.93(t, /3. 1Hz,44H) ,4.60(d, ~=3.4Hz, 1H). "C-NMR (75 MHz, CDCL3)
8 136.65 - 135.24 (m), 131.89 - 131.52 (m), 130.66 - 129.66 (m), 128.91 -
127.44 (m), 125.53 (s), 77.74 - 77.03 (m), 76.74 (s).

2.2.3-2. Synthesis of D1

sSEHAIIE X8 100 mL JHKEel S2 ZctA 30l Dried-toluene 30 mLE
ctAT HRE Ar ERIJI2 XI5t whts AAISHCH AglXE 0

diphenylsilane 4.5 g (0.0244 mol),

,6,8-tetramethy|-2,4,6,8-tetravinylcyclotetrasiloxane 2.1 g (6.09 mmol),

t Plat|num(0)—1, 3-divinyl-1, 1, 3, 3-tetramethyldisiloxane(Pt) 1 mLE &

B oo o
& ooy

2 o

0l

s

8t = oiol bathE 0IE0tH 2EE H&HG|I SHFUH SFIt AIEEE 24412 W
BrS AAISCH 24AI12H = WBH0| 2AZ = ZMO ENS HASLGH EMHE M
A8t = G4 filter (30 um)E OISt ZAo SHGL DAE MM AE DIS
S50 2 S8 D12 NWR datas CHS I 20CH. 'H-NMR (300 MHz, CDCLs) & 2.95

- 1.82 (m, 32H), -0.02 - -0.29 (m, 1H), -3.63 - -4.18 (m, 6H), -4.24 - —4.56
(m, 5H), -4.73 - -5.18 (m, 12H). "C-NMR (75 MHz, CDCL3) & 135.94 (s),
135.49 - 134.24 (m), 134.24 - 133.74 (m), 129.61 (s), 129.15 (s), 128.58 -
127.33 (m), 125.41 (s), 77.47 (s), 77.04 (s), 76.62 (s), 21.41 (s), 9.95
(s), 3.48 (s), 0.95 (s), -0.08 (s), -1.44 (s).
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2.2.4. Preparation of Polysiloxane Hybrimer Resins

2.2.4-1. Fabrication of Polysiloxane Hybrimer Resin Using
Ol igohydrosiloxane 1 (OPH 1)

~
(@]
3
3
S
i
— 10
hY
o
=)
W
2
_|
2
_O'ﬂ

SuEt AMIASCH WBtotH ZHE JIZE Zot0 MM & = 222 S4
= ot 2ol Ol2l MEst S0l 20 180T ovens OIEGIH ZESE AMA=F
ACH. 10 x 10 x 4 mm 2 III2 HES 1000 MASHK AlZtOCH BE=E =E0otH
TAIZEEHO HoDt 2tzE HE et = SUE2 10 x 40 x nm 2 AJIZ, =
222 10 x 10 x 4 mm2l AJIZ 8== MW 180C 2 7AI2E A2l = 2
219 sty Ed= 2 EHoUL

2.2.4-2. Fabrication of Polysiloxane Hybrimer Resin Using
Ol igohydrosiloxane 2 (OPH 2)

g8t PV0O 5 g (16.5 mmol) 3t po2 2.85 g (3.3 mmol)E =el HIOIHMU S04t
O WhotH & =86t & & Pt =0HE 0.078 g (wt 1 %) EIIGIH 2HA3| =
gt AIAZECH wWPHotH ZMsH JIZE 2256t MAHSIH & = 24249 S4
£ =&otJ| <ol 02l MES 0l 20 180T oveng 0IE5tH SHIFE AlIAHF
ALCH. 10 x 10 x 4 mm 2 2I1= MES 1000 MASIH A0 2EE SHG6HA

T0AIZEEH0I Eotlt 2te2el XS WYe = FHE2 10 x 40 x m 2 AIIZ, =

BES 10 x 10 x 4 S 2|2 MBS MGG 180C 2 10AI2F FEA2 =
2A2to] BN SHZ PEOIYC

2.2.4-3. Fabrication of Polysiloxane Hybrimer Resin Using

0l igohydrosiloxane 3 (OPH 3)
gA3 PVO 5 g (16.5 mmol) I po3 2.25 g (1.5 mmol)E K2l HI0I2HUH S5t

_10_
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0.072 g (wt 1 %)

HE
2t

=
]

= Pt

KH

oD

K-

m

11
0}

3

o &

}

0
PO AI2+OCH
EUHE2 10 x 40 x Imm 2 FIIZ2, =

=
S

180C ovens O

1000 Al

S0l F0i

ilo]

-

otJl floif Olel M
10x 10x4mm 2 AJIS

=X
-/ O

=2
=

1}
RO
KIr

1
iy

110
Kr

L

z=
==

AH
(=]

ULCH.

lo-

ilo]

ol

)

-

Al
oF

d3tAIZ!

2t

180C 2 7Al

E2 10 x 10 x 4 mm2 AJ|=Z

S|
=

]
]
gl

oI

ur

&M
ol
0

Al

2.2.4-4. Fabrication of Polysiloxane Hybrimer Resin Using

D1 (DPH)

o D1 3.22 g (2.976 mmol)S =l HIOIZHO

19)

Wk

KK

ol

i)

0
KJ

11
)
10

ol

9)

180C oven=2 0|2

H Ol2l M&Eet S0l 20

0

ool &
10x 10x4mm 2 AJIZ

KIr

AN HZF=ACH

10 x 40 x 1mm 2 3DJ|

180C 2 3AlZ2t &

FAIZ!

2

ot

=2&EE2 10x 10 x 4 mme 3AJ|=2

=,

lo-

11
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3. Results and Discussion

1. Measurements

SEWE2 U-vis spectrometer (UV-2401 PC, Shimazu) £ 0I185t0d =& GtULH.
29| X 242 Bruker AC-300 MHz spectrometer ('HNMR,300. iMHz2t "°C NMR
5 MHz)E 0I=23t0d LACH. \MR E0H chloroform-d = otF St Cat.Z Wt
ANHA =2 HAHSIH ALESHRCH. NWR TI=22 3 =2 part per million
(& ppm) 22 SO XA €Ch. Drying ovens 0I&35t04 180 COHIAM Z3IE AL
200 COIA LHEH HIAEES oL 22X =

Ourometer (GS-702N)E AEStH =& =2ZEFEE Refractrometer(NAR-1T

fstx Q|

ol

He ATZA AT AEII YE0l

SOLID, 586 nm)& AF&3+1ar 7] 3ol Monobromonaphthalene ¢ 1 cc # ¥

F ¥ =A39 a1, Spectroscopic Ellipsometer (M20000, Woolla
diffuse

=l

o

FEHOHI 2 =dE2 =Xl L. FT-IR AHEH2

reflectance(Spectra-Tech diffuse reflectance attachment)&&E 0|8t

Nicolet model 57002 OlEdld =& ol¢l. € 2H =24(TGA, thermal
g g}

gravimetric analysis)2 hybrimer2 WHEAHS SHoIII/oH Al

3.2. Preparation and Characterization of Phenyl-Vinyl -

Ol igosiloxane (PVO)
3.2.1. Synthesis of Diphenylsilanediol (DPSD)

D] {18t AIESZE Q! diphenylsilaneol (DPSD)S SHAoUCH. ahstet
SAI2 scheme 1 Ol UHEIHUHRUCH. =SE2 70~80 % & LIEIS2MH melting point
=MD 14CE SHUAL. SHRE 2B diethyl ether2 ALZ IR0,

_D
<
S
i
Holl
OII

dichlorophenylsilane 1 && & sodium bicarbonate 22 &= AIE3I silanell
chloridedt 1 BFES6HX hydroxylationOl L OUHEHA hydroxy? |2 XISt HA A

d&E= HCI = 286 MAHGHH D20 4E8E=2 2 Xot=H DPShefdel HE

=
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<Compound 1>

\ /7

Scheme 1. Synthesis of Compound 1

3.2.2. Synthesis and Characterization of Phenyl -Vinyl -
Ol igosiloxane (PVO)

AOIAM BAHSH DPSD2 VIMSE 22 12924 Bt3SotD BH =0HE (Barium
hydroxide monohydrate)S AtE&H A2l 0.1 % mol £ AFE3t0 80 COHIA HI It
==l &-& PSS 086t g4 2 7080 % M, grSA=2
S AIII(-0H) 2 VIMSSl HIS AlD|
& YMTIHAM siloxane Z &0l
| negative chargeJdt VIMSSl Si

HA 24291 methaol O MASICH. MM

= methanol2 BI20| == = 2LSFSIH MHH F=JUCH. BH FH0H= silanol
o RSN BAS BAEGH)| YT =R ARCUUD =8 JE = =5 =C=
EZXAID O 2 INPEE e BHREE g460. 80 guspe 2t

_13_
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0] &2 S G4 teflon filter (30 um) £ 0I=25
&l PVO= EAH0l =10 EHold 2EE 0i 19 HEIZ

P o of
586 nmOllAM 1.5592 SHEAULD, NMRS 0IZ0tH &N

i

<Compound 2>

e

/ o]
Ba(OH),2H,0 o’__si\ 3
]IEO—S‘I—OIIE + HO—Si—OH sol-zeo condensation n @\0\ 307&\\
24 hour, 80T .
OMe B0 Q‘ N
/Sl ~0— Si
OO )

Scheme 2. Synthesis of Compound 2

3.83. Preparation and Characterization of

Ol igohydrosiloxane Crosslinking agents

£=E82 po 1,2,3 25 75~80 %H2WM, 0 vtSA2 scheme 30 LIEFLHACEH.

/ —
chloro silaneS 1 H02 BFES Solf siloxane Z2ES0] E4E/UAD

MEZ MHETE=E HOI2 MAHGHA 210 JOHZ 2HSol E0otH ot AM

LOIH St 21 At EE HAHEB GIALH. &20AH BtS2 HHGHH

Mool 8 +ZF0I0A ZSE2S 0860 2=5 0CZ DHE 5= B2

SHOIRUCH. 2822 oligohydrosiloxane=S2l Ats ECHUIMSl methyl 1

AZJ9l  HEgs XZEoh fldd BtE 2% Alt2  nFEst
X

chlorodimethyls
1,2,3 25 2N &I LD, A2l L=

d
ol 2SS SZAIAFUC. BIS0l 22 & = SctAd UWRes 28

_14_
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Jl 0l =2I5t00F otH, 22 0188 B30Il 20 =22 oA MA
ot =A1D, G4 teflon filter (30 um)E 0I5t EYs HH AEH2 pol,2,3
== E S0, 586 nmUl M2l pol =2EE2 1.480, po2= 1.454, po3& 1.515
2 SHE/UA2H,0l= phenylJIJt EE oligohydrosiloxanell =2 =Z2EES A=
A2 22 = U/U2OH 48 3I0tX oligohydrosiloxanes2ol HEHHQI SHS
figure 10l LIEILHRICH. EHS 228 & NMR S Sofl 4022 =212 HI8
£ EololY ), GPCE Soff XS =JG6tK siloxane InegthE &olg = AU
Ct.
<Compound 3,4,5>

Ph Me Me

. . = Ry
C—sS—cl + a—si—d * C—S—H s—o-esl—o)-%s—oa— i—H

Me 1\|/[e II{ " Me

(A) (B) (C)
(A) : dichloro phenyhl silane compound 3 : m=4, n=4
(B) : dichloro dimethl silane compound 4 : m=3, n=6
(C) : chloro dimehtyl silane compound 5 : m=9, n=4

Scheme 3. Synthesis of Compound 3, 4, 5
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l\lde Il’h E\iIe l\llle
H—Si—O—ESi—OHSi—O %Si—H
| | w| A
Me H Me Me
o : H -
m n Refractive fanciond Si
Agents N ; ¥ | .
(Phenyl) | (Methyl) Index e (Chain length)
Po1l 4 4 1.480 6 10
Po2 3 6 1.454 5 11
Po 3 9 4 1.515 11 15

Figure 1. Characterization of Ol igohydrosiloxane crosslinking agents

3.4. Preparation and Characterization of D1 Crosslinking
agent
3.4.1. Synthesis of Diphenylsilane (DPS)

o

- -
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D1= 4ol gt A& =22
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<compound 6>
1/2L1AlH4
Cl—Si— “Trec. HS—H
Scheme 4. Synthesis of Compound 6

3.4.2. Synthesis of D1

D1 crosslinking agent &4dAGIUCH. =SE2 80 % OlAM0IU2DH, LtSAZ2
Scheme 5 Ol LIEILHRICH. Sl =2 2=0AM2 87 E IolAl boiling pointJt
=2 toluene2@ AISOIUCH, &4Es B9 242 E oM 24 A2t SFREIESS
AU CF,

DPSe| Si-H 212t 2,4,6,8-tetramethyl-2,4,6,8-tetravinylcyclotetrasiloxane
o vinyl2le 111C 2 =2 20 M Pt =0 SHOIA Hydrosilylation & Sl
20l AMEE0, 22 4942 1922 6t320 #HAIRLCH. S22 2FZoHH %
o AMEHOl ZHAH MY AEHOQIOI Ol= =0l PHOl EHA =S <ol G4 teflon filter(30
um)E 0l Sot 22HUE AAGHUCH. ESE D12 2ol EYsH Myl AEHRA
©SMH, NMR2 Sol SR E =CIoHI20, PVt Hotdt St & ™ 2A9
AQ| WAl EHet M2 2= WS =01 = A/ULH

— 17 —
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<compound 7>

¥ 51
\ g i
\‘__F\S‘f
—8i—NMe /1’\
Toluene,Fi cat 0 0. ;
e ———
e Si‘0 s Q

Scheme 5. Synthesis of Compound 7

3.5. Preparation and Characterization of Polysiloxane
Hybr imer Resins
3.5.1. Fabrication and Characterization of Polysiloxane

Hybrimer Resins Using Ol igohydrosiloxanes (OPHs)

OPHE =S gfdoldl <ol oM &4ast P02l vinyl 12t oligohydrosiloxaneES2
Si-H JIE Pt =0HGIOIN ==247438 BtS (hydrosilylation reaction)2 0l
Ol OPHEZ2 NZEGIALCH. BHSAES scheme 6 Of LIEIHHRACE. Pt HiHe HMES
1 %5 AIZ0IR2M, 0l g =5 ZstAlZte =2 JIHg = UX

OHAtHISl DNE0AM SHEA2Z IGHH 1 %BHS AFZOHRULEH.

}

l_o o]}

I":' A

i
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<compound 8, 9, 10>

o9 o
4y o WGP
|| "‘nﬁ Me P Me Me Ao ? ks A O
hvdrosilati S bl o
g " H_Jl_o%:,.,_oﬁ(,:, OIL,,ii_HLth, s
1n n Pt, 150 B s AL
Q“*i d ﬂ Ho Me M | @ Sy
e e T 3
o B
) ok )
"ahi (5 e T

compound § : pol
@Z» = compound 9 : po?

compound 10 : po3

Scheme 6. Synthesis of Compound 8, 9, 10

XA MEUEZS Figure 2 Ol LIEFLH} LD, A el JHSl 10 x 10 x 4 mm
3012 E0l MES Z0F 150 T2 180 CTOIAN ZASE
2 58 AZYA HTAHQ Durometer (GS-702N)E 01 &5t =FGHALH. &

ZE0t O 014 SIHGHAI 2= AlZtE2 J3atg A2z
&0, 20l FT-IRE 025t HsH(BtS)It =&

20t 180 COIAMSl A3t ZtAIZEE BUAD, 150 T2t
LIX 2282 180CE JIELE &EE &
TOHAM2 OPHES F3h A0l 2 &H&(Shore D)E Figure 3 Off LIEFLHR LD,
586 nmOil A2l OPHE 2l Z2EES Refractrometer (NAR-1T SOLID)E OIEdt0 =H6t
O, OPH=2l MBHEQl 2tCtst EA = Table 1 O LIEFLARUCH. [etd = A&
22 180COIA OPH1,2,301 22t 28t= Al

—/ =<
2t SOF FSHAIZI OPHES IEO 2 2EE, SU8, WYy S ZeX 4

AL

Ja

=2
x

r
=}
to
my
o
>
0o
ny
3]
nin
o
T
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Durometer
(GS-702N)
Refractometer(589 nm)

Hardness (Shore D)

20t

10

(NAR-1T SOLID)

-\
E : g
R s

1 UV-vis spectrometer

(UV-2401 PC. Shimazu)

Figure 2. Process of PHs

=
(=1

30

1 ——Hybrimer using Fo 3

2 4 3 8 10

Time (hour}

—&— Hybrimer using Po 1
—#—Hybrimer using Po 2

Figure 3. Hardness(Shore D) according to Time of OPHs
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OPH1 OPH2 OPH3
Refractive Index 1.561 1.552 1.567
Transmittance (460 nm) 95 % 59 % 96.5 %
Hardness (Shore D) 69 60 75
The time to reach hardness 70 4.5 hour

Table 1 . Characteristics of OPHs

3.5.1-1. Fabrication and Optical Properties of Polysiloxane

Hybrimer Resin Using Ol igohydrosiloxane 1 (OPH 1)

OPH 1 2 M= oA &St PVOSt po 12 6:1 S HOZ AIE0HR LD Pt
e MM 22 1 %= AMESHUCE. EZ(transmittance)2 &SI 6t
0 x 40 x 1me 2AJ|I2 MZ= NMEHGIALD, 180CUH MLl Al2HO0N T+

—_

SHOISIE ZIE HIESZ 7AI20l NGSHe 25 F
20151211, FT-IRS S5t0f hydrosilylationOl 2ZEASS 205D FT-IR

datasS Figure 401 LIEFLHRILCE. PVORF OPH 18 E& &t & Hslotkl &2
AEH(blue)IA SAE 240, 7AI12E € A3 F(red)E =3dol0 Hl oA L.

[

25 —Mised resin of PV o
(@) Mixed resin of VO and PO1 (b) —— vl resin ofPV0 and PO

— OPHI1 ws /'\\ — OPHI1
0 N
N\

X

’/ =

Intensity (Arb. unit)
-

Phenyl group ~1392 emr!

005 / siH group ~2100 em? \ o vinyl group ~1600 cmr!
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Figure 4. FT-IR data of OPH 1 befre(blue) and after(red) Thermal curing
(a) Si—H group, (b) Vinyl group.
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Figure 5. Transmittance of OPH 1
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Figure 7. Yellow Index of OPH 1 after heat aging (200C, 72hour)
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Figure 8. Thermal Properties for TGA (thermal gravimetric analysis) curve

of OPH 1

3.5.1-2. Fabrication and Optical Properties of Polysiloxane

Hybr imer Resin Using Ol igohydrosiloxane 2 (OPH 2)

OPH 2 2] M&EES oA 48t PVO2t po 22 519 EH2Z AIEoIA 1D Pt
e MM 22 1 %= AMESHULCE. EZ(transmittance)2 SESHI| 6t
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EOIGIAR L, FT-IRS S0t hydrosilylation0l 22 EASS &I6HA D FT-IR
dataZ Figure 9 O LIEFLHRACE. PVORl OPH 22 =8&tst & J3SIoHAl %2
AEH(blue) A SAESH 24DH, 10AI2 € B3 £ (red)E =EGH0 HIWGHALCE.
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Figure 9. FT-IR data of OPH 2 befre(blue) and after(red) Thermal curing
(a) Si—H group, (b) Vinyl group.
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Figure 10. Transmittance of OPH 2
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Figure 11. Thermal Rsistance test(200C, 72hour) of OPH 2
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Figure 13. Thermal Properties for TGA (thermal gravimetric analysis) curve
of OPH 2

3.5.1-3. Fabrication and Optical Properties of Polysiloxane
Hybrimer Resin Using Ol igohydrosiloxane 3 (OPH 3)
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Figure 14. FT-IR data of OPH 3 before(blue) and after(red) Thermal curing
(a) Si—H group, (b) Vinyl group.
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Figure 15. Transmittance of OPH 3
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Figure 17. Yellow Index of OPH 3 after heat aging (200°C, 72hour)
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Figure 18. Thermal Properties for TGA (thermal gravimetric analysis) curve
of OPH 3
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3.5.1-4. Comparative Optical Properties of Polysiloxane Hybrimer

Resins Using Ol igohydrosiloxanes (OPHs)
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Figure 21. Compare the Yellow Index curve of OPHs
(a) OPH 1, (b) OPH 2, (c) OPH 3
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OPH1 OPH2 OPH3
Fresh 72 hour Fresh 72 hour Fresh 72 hour
Yellow Index | 6.29 79.95 50.51 99.97 6.42 755
Transmittance | goo | 49930, 59 9% 33.9% 9.5 % 95 %
at 460 nm (%) s E :

Table 2. Comparative Yellow Index and Transmittance of OPHs

s
ro
m

A= (Shore D) L8t 29| Figure 3 FO| pheny | 21Dt 0| &8

& O =
= OPH 3 Jt 752 Jt& =X =XE 20l H=S &Ql & = UUL.

3.5.2. Fabrication and Characterization of Polysiloxane

Hybrimer Resins using D1 (DPH)
oA 20N B&st PVORE DI 1:6 SH2Z2 ALEotA 1D Pt
Z0e &M 29 1 %= AF=otACEH PV02! vinyl D12 D1 2 Si-H JIE
HotOIA =27 A8H BHS (hydrosilylation reaction)E 012360 DPH=
SETIUCH 0 BHSAIZ scheme 7 Ol LIEILHRICEH. Dt HE AFESH D12 M0|

2MO|XIBF PVOSF BB 5 D A3IIF VRYD SUE MO BB

0
U
40
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<compound 11>

Scheme 7. Synthesis of Compound 11

0y

Pt S0 EMEE2 1 %E ASoIA2MH, HO0| g =5 F3tAl2te
=2 g = AXEH, FSHIME D20A SHSL2Z OIGHH 1 %S
AMESHALCH. XA MENE2 A2 Figure 2 Ol LIEILHRALD, S Kl IHE

10 x 10 x 4 mm 2019 S0 ME

0 b

Ct

—

MEZ €0t 150 T2 180 COHIAN S ZSHE
AMESIROMH AlZHN 2 BEE AZEA AT HQ Durometer (GS-702N) &
Ol=5td =FotRUCt. 2= (Shore D)E =Eot0 FEIF O Ol& BIH6HA &=
AZ2HE Atz A2tez H, 0| FT-IRZ 0I86t0 & F3H(BHS)It
2 S EOIGHUCEH. 150 T2t 180 CUHIA € B3E AAISH 213 180 COHIA S
23t ZStAIZtE HUD, 150 TR BILHEMW 2 SHOl LHUX 22B=2
180CE JIE2LZ € J3HE AAIGIRULCE. 180 CTOHIAS OPHES B3t AlZHO HE
Z5&E Figure 22 Ol LIEFLHRA LD, 3AIZECHOI Shore D 802 #=XIE EQlANES
SHOISIR M, 1AIZHMO &ote BEQ 709 =XE 2eANE &olg = UAULCE
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Figure 22. Hardness(Shore D) according to Time of DPH

586 nmOll A2l OPHE Sl = EES Refractrometer (NAR-1T SOLID)E OlZ2dlH &=H
gt 2 1.6580I2ts =2 0 c =
Table 3 Ol LIEFLHRACE.

F=XE = = UCH DPHE HEBHH

DPH
Refractive Index 1.658
Transmittance (460 nm) 95.43 %
Hardness (Shore D) 80 (3hour)
The time to reach hardness 70 1 hour

Table 3. Characteristic of DPH

180C=Z 3AI2tEQF H3EAIZI DPHEl hydrosilylation 2 GHRE FT-IR 2 &0l
otRA2M, OIS Figure 23 O LIEFLHRUCH. PVORt DPHE E&8t = Z3StotAl &2

A EH(blue)Oil A SEEH A, 3AI2E & H3 =(red)S SEGHM HIWSHACEH

|'0||
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Figure 23. FT-IR data of DPH befre(blue) and after(red) Thermal curing
(a) Si—H group, (b) Vinyl group.

T g2 & PV02l vinyl S0l 1600 om 'Ol Al LIEFLIXISH 3AIZE & A3 = Ar2t
& AE 2 = ULk 0l € BHE SoHA PVORF D1 A0Sl s=AptAast BHZO)
sgb=s As ¢ = A

3.5.3. Fabrication and OPtical Properties of Polysiloxane
Hybrimer Resins using D1 (DPH)
3.5.3-1. Transmittance of DPH

DPHE 10 x 40 x 1 mm SHZ HZotA S0 UV-vis spectrometer (UV-2401 PC,
Shimazu)E& AI25t EUS8S =HoIGC. S22 800~200 nm &o mZEHIA
HHFCH, O Z21 180CHAN B3t= DPHS SEWU=ES 460 nmOl A 9543 %2 =2
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Figure 24. Transmittance of DPH

3.5.3-2. Thermal Resistance and Yel low Index of DPH
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Figure 25. Thermal Rsistance test(200C) of OPH
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Figure 26. Yellow Index curve of DPH after heat aging (200C)
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Fresh | 24 hour | 48 hour | 72 hour | 109 hour | 120 hour
Yellow Index 5.97 6.13 7.71 7.78 10.125 13.49

Transmittance at
460 nm (%)

95.43 953 95.22 95 94.76 94.27

Table 4. Yellow Index and Transmittance of DPH after heat aging (200C)

3.5.3-3. Reflactive Index of DPH

OPH IIEN & =ZEE=S =&TotJl fdh Spectroscopic Ellipsometer (M2000D,
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=8t =0l xylene2 AEcH &M A2 10 2 F3111 &2lZ R0l
000 rpm@2 30 =72t spin coatingst & 180CUH A 3AI2t SOt HSIAIA &=

6 S8 ItE Y= 193~1684 nmAUCH. =HEH OPHS Ht&E N HE =&
1 OlE Figure 27 Off LIEHLHRULCE.
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[
A
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Refractive Index

[
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Figure 27. EM data(Refractive index according to a wavelength) of DOPH
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3.5.3-4. TGA (thermal gravimetric analysis) of DPH
DPHO 20 M2 sS4 2Eols HWEHOZ TGA (Z2H=24, thermal
gravimetric analysis)2 =XoIUCH. 0= =2 20 Mo 2 Hls =

PN
o
of 2THIANN SHHAUS
r

= AeEmM =2 10C/ning JtExE&=2 30~1000Ce 2&H" =
0 O Z0 24 D] Gtoll AZ2 5 wt% 23 24= 341.06 CHAM LIEFRLD 35
%2 HHUAE B0l %= 576.67 COUHA LIEFSD OIE Figure 28 Off LIEFLH
ACH. TetMd 200Ce =2 25 THUME OPH 32 g5 oIst Zaliot Hel 2]
LIXl s & &= UCH

100 - -5 % Weight loss o

349.63 C

= o w
< =3 =1

Weight percent (%)

N
=

Endset 505.04 C
Weight loss -38.98 %

0 100 200 300 400 500 600 700 800 900
Temperature (degree C)

Figure 28. Thermal Properties for TGA (thermal gravimetric analysis) curve
of DPH
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4. Conclusion
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Using Crosslingking Agent OligoHydroSiloxane(pol, po2, po3) D1
PH OPH 1 OPH 2 OPH 3 DPH
Refractive Index (586 nm) 1.561 1.552 1.567 1.658
Transmittance (460 nm) 95 % 59 % 96.5 % 95.43 %
Transmittance (460 nm)
After heat aging 47.83% 33.9% 95 % 95 %
(200°C,72hour)
Max Hardness (Shore D) 69 60 75 80
The time to reach hardness 70 4.5 hour 1 hour

Table 5. Compare Characteristic of OPH1, OPH2, OPH3 and OPH
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6. Appendix

6.1. 'H-NMR and '"*C-NMR spectra
Figure 29. 'H-NMR spectra of Compound 1

-]
=]

I
el
(W) ¥

wwbhbhhbh bbby NuNN Ny
N EONWME BEeo A

(wdd) |y
5¢ 0% 8 s 55 09 59

0t

= —zan

11
92

52

02

gl

50 0l

0o

0§
oot
051
002
052
oo
05€

_47_

Collection @ chosun



Seong-eun Jeong — M.S thesis Chapter. 1
Chosun_University, Department of Chemistry

Figure 30. "C-NMR spectra of Compound 1
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'H-NMR spectra of Compound 2

Figure 31.
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Figure 32. "C-NMR spectra of Compound 2
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Chapter. 1

Figure 33. 'H-NMR spectra of Compound 3
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Figure 34. 'H-NMR spectra of Compound 4
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Figure 35. 'H-NMR spectra of Compound 5
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Figure 36. 'H-NMR spectra of Compound 6
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Figure 37. "C-NMR spectra of Compound 6
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Figure 38. 'H-NMR spectra of Compound 7
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Figure 39. "C-NMR spectra of Compound 7
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Chapter Two.

Development of Development of
VOCs Sensor Based on Rugate

Porous Silicon
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1. Introduction
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2. Experiment

2.1. Materials & Instrument

2.1.1. Materials
L= (nm) 3D12 D31 Oto|3&(wn) AJ12 SHE EHots PSiE BHEI| <
ol AtEE acl2 fI0IIH= 0.0008~0.0012Q - cm 2| M&E= H= ptt-type &2I2
O0IHE AtEdtA LD (B-doped, orientation <100>, Siltronix, Inc., Archamps,
France), etching E0HE o&J| <ol 48% HF =89 (St. Louis, MO, USA,
Sigma-Aldrich) 2t &==8t ethanol (Sigma-Aldrich) 2 3:12 AISoIACH. &I
PR A4S 210t MIAE etching cell 2 Teflon 22 HAZUCH MFE =
FJ| 25t Keithley 2420 D&Y HAMFA (Cleveland, OH, USA, Keithley
Instruments Inc.) £ AME8IH (+) d30= HZ (Pt) wireS, (-)

S0l (Al) oS AISOIH  HMESHACH. EX2BOHZ AFEE toluenelt
be

=3
n-hexane, 12l benzenee 2% sigma—aldrichliAd 23t AIE6IACEH.

ol

W

o 2

d=0ls

2.1.2. Instrument
acl2 RAOoIHN MISSHHOZ SA A2s otJ|l 8 HHl= Galvanostat
(soucemeter2420)= AtE0IU[2H, SHE  porous silicon2 UV-VIS integrated
analysing system(Ocean Optics USB-2000 spectrometer)S ArE0t0] & Z2| BHAMIME
(reflectivity)2 SHOIUH, A2E HH(Rugate structure)ES HEOHI| o MA=

At 0| Z(FE-SEM, S-4700, Hitach)S ALE5H0{ 2015} %L},
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2.2. Synthesis & Preparation

2.2.1. Preparation of Porous Silicon

o
bl
o
z
N

o

O

ol

2

Chad A2 PtEd M2 A2l A0IHE &3

22 {0l ZEH Lte 319 JIZ2(pore)t Lt X

|20l &4d&= Rcel= scheme 8 O LIEI2E U= Hi2E 20l

(Hydrofluoric acid) SlOIA MR E EdFAS W A
A

==
Ob HSiFs2t Hx(0)E M4 G222 Ael2 DHIt A2EN ez 4

o
o
=
i
a
a
0f
0x
o

=
$0
rr
]
1o px
ot
[‘I -_—
Al
o o
e

o
=
FEl
e
2

T e SiFgE 4 2H

Scheme 8. PSi formation mechanism by etching

2.2.2. Optical Characterization

fiber optic probe E HZSH Ocean Optics S2000 spectrometer

T =SS £ QURULH. BIAIAHESHEZ gAH Z& (white light) 2 AIEol0d &l
OlIHS EHH =20 90° 2E2 AAME £ UEZ= oIYCH Al2I2 TCHUA

o 2EUWM EEHEel A2 A D0 ZFEM 2UHA
A

of Prepared Porous Silicon

o
>
|-

4]
Im
FIO

>—
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PSi o HPHI =EHE FE-SEM (S-4700, Hitachi) 2 &elg = JUJULL

2.2.3. Synthesis of Rugate Porous Silicon
PSIZE HMZot)l 261 p'-type Al2I2 QI0IH)E =HIGIH HDIISIStE Al2tg}

Ct. &D|gterE A2 S4BEH2 Teflon@Z 2HSM & etching cel 10 &2l2 <

9

MM

OIHE 1.5x 1.5 cm’e S0l2 =2t Teflon cel | DRE E 0-ring seal AHOI0]
22 = etching solution2 HOIH EHO =& = 300W tungsten lampZ £
FHAM (HE32 0822 222 platinum wiredll, (-)X®=3Z aluminum foilOfl
£ FI0IHE etchingdtALt. Etching 8ME == ethanol 3t HF(48% by weight)
£ 311 2OHI2 HXotdD, 8K MIIQ ZE2 Y = A-sin (f*t) + Acenter 2

A 11.552 &= 0.38 Hz2 RS2 70.052 Anterat= HISIH 100=2F 10
H BtE XS sinlte] X E 2H= porous silicon2 &4dst & HE=22Z M
ot ot=22 JtAZ AZXZAIIIMH, flaskdl €0 1AIZEE 22 GHOIM PSigl

poredil 0IU= === M1 ot PSiE S HGHALCE.

Pt Counter-Electrode

Teflon [§
Cell

O-ring ==

Source meter LS-1 tungsten-
Kiethly 2420 etching Halogen light source

§i Wafer

Al Contact

Teflon
Base

Computer

(001Base3? spectrometer) CCD detector Opical probe

Figure 40. Sequence of etching process
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2.2.4. Prepared for Detection of VOCs by Porous Silicon

VOCs 2 SJ1 EXE <ol Figure 41 GIAQ 201 &EJ|1E D&otd &X

Ct. EM% & AE)|F? UXNE Sl HEE PSIiE &XIE chamberE

S8z HAGLD welHols X S22l VoCs(toluene, hexane, benzene)
O ZHIotLD chamberll R0z MEE PSIE LEAILD RAFE OHE &
2ot0d
S0

of BJlol RS =0 DFE MB IFO BHE =ToH|
2

x
J|1JF chamber & A
IL/ming K& = JAES XHOIUL. AF
ol

L= S|

FIO

U
=
U
-
_O'ﬂ

Light Sources
(White light, laser) DPetect (USB2000
‘ SpecTometer)

Computer
(Ocean Optics OOIBase32)

£

Flow meter
. (1L /1 min)
Optical probe Naphtha solvent :

|__‘ '-'— <€—: «—Argas
" :

Figure 41. sepup of optical bench for the detection
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3. Results and Discussion
3.1. Optical Properties of The Synthesized PSi

gdet Rugate PSi2l BtAI AHEZESE =&oil = Z1 White LightE ZXAlGtH
[H Figure 420 LIEFH B2 20l BFAF ABEEZ2 653 nm2| IFEO0IAM 15nme| EHXI

=
=2 2t= ¢ peakZ & OIS 4 URULH

ol

4000

3500

3000

[ ]
tn
(=]
-

2000

Intensity (a.u.)

1500

1000

500

0 I 1
500 S50 600 650 700 750 800

Wavelength (nm)

Figure 42. Reflectivity spectrum of PSi

M=E 024 M2I22 dAM0 S86t01 ol 2139 K28 201, 12l 20/

o
(_)'ﬂ
1
)
50
a

FE-SEM 0| 0| XI £ Solf &2l
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Surface Cross section

Figure 43 Ol LIEFE HEQE 201 PSi o HBE) HHES SEMS SEot 20216t

Ct, ZHBHS 2% MAE PSi Jt (< ¢4EH0|D HEe HEHE 2= AE =2 =

UCH L8t = U0l AFOIXS J1B2 30|12 == 0t0l322 2H0IE <= 3S

g JI30lcte HE & = JUJACH SEM OI0IKIE Soff MAE PSi o J13 1O 2
3JIE &0l ot ), stetdE MAZ A HehotChd SHEokRUCH
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3.2. Detection of VOCs by Porous Silicon
grdst PSi0l VOCsel EI1E H O
B1StE Figure 44 Off LIEHLHRUCEH.
resh &EHCI 653 nmOllA EHIIE 2
Cha4 aelzol J1s ot
SItAI2I) 2 EE2 B3 E
©z 0lsE A0ICt.

toluene2 675 nmZ 22 nm 22 Red-shift SIA20,

o 0Ols2

FASMe BHAMIHE S

1L/min2 2

eFr o)
TT /| —

EM&Z9 It
OFJ13H Bragg

ben

270,

Hexane=

st

vapor pressurefil et Olsst 20| X0IE BRCM,
b vapor pressuredl HIHIECID A Jis
VOCs S92 25T.

0l
OtCt.
LFEHLH

N =

o L

rr

ol

010

i

1 atm OIAM 2 vapor pressureS

4000
3500

3000
Fresh

=
2300 Toluene

2000 Benzene

1500 Hexane

Intensity (a.u.)

1000

500

600 650 700 750 800

Wavelength (nm)

©Z Red-Shift ot=

732 nm 2 79 nm 2 Ols2 2

E—I

VOCs<2

=)

!
= 4
50

=)
[at]
S

Im o0 32 A

c
=

|>
J&

zene2 712 nmZ 59 nm
L. Ol= VOCs=<l
ZUE 20t Red-shift
table 6 Ol X0 At
UL,

653 nm
675 nm
712 nm

732 nm

Figure 44. Shift of Optical reflectivity spectrum under the VOCs vapors
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Vapor pressure mmHg
Toluene 26
Benzene 80.85
Hexane | 121.26

Table 6. Vapor Pressure of VOCs (25C ,1 atm)

&S] 01=0l vapor pressuredil 2o Olsote &I EetdlChe X2 &02lok)| <ol
VOCsE PSiJt H=E chambertl S HEM CIE ZEUHA
MOl HlMTE E0IoHACE. 012 Figure 45 Ol LIEFLHRACEH.

80 - "
70 - -
Organic Vapor Hexane Benzene Toluene
fg 60 L . 1 L/min : 0 L/min
£ Organic Vapor : Ar gas 1L/min : 1 L/min
£ 50 1 L/min : 2 L/min
= *  Hexane
2 4 L : W e 121.26 80.85 26
) +  Toluene Vapor Pressure (mmHg) 60.12 40.42 13
=
% 30 L 40.08 26.80 9
z . ] ) 79 59 22
= 20| . Wavelength Shift (nm) 42 27 1
26 24 7
0+ *
.
0 1 1 I
0 50 100 150

Vapor Pressure (mmHg)

Figure 45. Realation of wavelength shift and vapor pressure
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4. Conclusion

300 W E@AH &=z2d I FIWAM HF2 ethanol 2 3:1&2 S8l AAME AIZ5H
o MIlstetdE Alts Sol = L0 = 001222 JIEE == Rugate At@l
O] # X5 2t= porous silicon (PSi) & A3z M G, 1 I3t
sinllt= SEM imeageE =oll &QCIJts otA2M, White LightE ZAIGHRS [H 653
nmel JtAIZAE UM S22 FWHMDE 28h BHAH ABIES S &0l & £ U/ULCE

MIZEE PSiol J|Z20 VOCsES 1L/ming ¥22 220{E X VOCsIt PSiol J|&2ot=z2
EESIN JIZ20te LEE HIAIZ|1D, 0l A9 0lssS JFAdSCE.
toluene2 675 nmE 22 nm 2t= Red-shift SIF 2, benzene= 712 nmE 59 nm

O Ol=s2 B, Hexane 732 nm & 79 nm 2 0l ERCH. 0l= VOCsE<
vapor pressure0l el Red-shift & AEJF X0IE EJCH, ArS O =

=
T
N SIIE SIS e Red-shifte L2 =& 21 1 ETI 20Es AS

Jon

Ol Jis oFRUCH.
0l ZUE HIESZ BHA
pressuredll & Ct

HNEZA SS0| 1S Ol4=S Stolst & QUoCh,

o139 m&ESl Red-Shiftol= dZ= VOCs2| vapor
2

rir
Py
o

fo
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