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Synthesis and Characterization of Liquid CO2—-philic
Surfactants for Radioactive Decontamination
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SUMMARY

1. Research Title

Synthesis and characterization of liquid COz-philic surfactants for radioactive
decontamination

2. Objective and Importance of the Research

Supercritical fluid cleaning technique has been studied in order to understand the
decontamination process of supercritical or liquid COz which is best known to be a
environment friendly solvent. One of technical important benefits of supercritical extraction
or cleaning process using CO; is that secondary contaminants are essentially eliminated.
Since CO. is a typical non-polar, it is a effective solvent to dissolve or extract
non-polar materials. With pure CO., however, polar materials cannot be extracted due
to the virtually nonsoluble. In order to extract polar or ionic nuclear contaminants,
surfactant systems for COz cleaning technique must be developed to utilize non-toxic,
environment friendly solvent system.

3. Research Scopes

a. Understanding the supercritical and liquid CO2 extraction technique for ioinic or polar
materials.

b. Design” and synthesis of reusable surfactants system having more than 50%
extraction efficiency for supercritical and liquid COz extraction

c. Characterization of newly designed surfactants systems with in—situ measurement
technique.

4. Achievements and Contributions of the Research

a. Newly designed reusable surfactant systems were syntheiszed: photoresponsive,
arylethene type bearing crownether, anthracence type and perfluoro AOT type.
b. New surfactant systems were tested for several ioinic systems such as Sr, Co, Cs

etc. and have shown good extraction capabilities

¢. New in-situ high pressure cell for spectroscopic measurement was designed and
tested.

d. New surfactants can be applied to a practical nuclear decontamination process and
high-tech cleaning purpose such as LCD panel.
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A7 BofdlA Z2F WAF sUE wAlSs Adolt. WAls A9 dae
A8 SALNN A o] BAIFE EEQ oFY TE aea o9d® BE P A
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dE 7l AAEE %E + Utk A FATAC ASEEA, dAHEAL9 9
gHoE WAY A wEL ¢ FAHL Ao AUddAdE 94 F99 B
ZIW HAEYEAE BEVEE S 2w&Y sted, V&Y B AL s4xE
SB2E I 7FEE 2F7] o ¥, CO& AHEE AAAT WAE AF3 stz
ot} 23 H7|E gAYl ZEHOE gle YA COE o &8 AFolets AYAg W
Ae 7o FRHAE & drtE vl BHASA AHEE Fel 918 Aot o
gtA, Z1edz7F ZA Aozt vA & AL 270 AF, AL vE& £zstd 7
& AAEE grsld, A 21 $9€ FATHE Zie FA Ui FAH, 7,
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F, 48E ¥Fo COE 7SN L9 EFLS EHY FAHT ARSI COE
Al B Ele AALESHE 7I€E2A, 2EFHLE 23 HIE S0 gl AU
olt}, &F COe HIFAEAZA vFA {7189 L3 FZ2de 207 X F
AEAY ZFfde &3=7t dolAM, 1 HEFdHo] dHE el fith ol &
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3-1-1. o] A3 e2 & o] &F A AAY

Adg ALEo Fvlet A ol9 RIAPAFES WHIIES 3¢, MYdEe TAHAML
o] A&se] 231 Ut} 53], TBP(tributyl phospate)®t DEHPAS 2 FZA¢}
kerosene, n-dodecane® & A A& o] &3t M FLAY JEFILEL 3
g Wol AR AT a8y Bolu #IIEHE ol &3l F4 MAHY
S AR F QW AZANDY ARESY RAE fudsn vF HFE L.
ARez BAFAZN dFAAAT A AHAA ALEE F71 Lol 93 BHLLY
AGHQ G 2 ey, £F SuAEL FHAME FU1EHQA v go] =
AE ¢ Qo] o & A &AL e ZieNge] HAHT Yo

W, CFCY perc 5 2% #7] AFEL L AHEste HFTHA AP §4 AA
o SAE R B oy SHYUF A AFHE ZI Qo] 1 Fo AARE, v
59 AW A ALgEo g} 2y, ol & EAEL LEFY d4n ¢ 84
Q4o BAZ QAdte Az Abgo] FAHI ok wA FF A NAH L0
el AEL 7]goln glon, oo dfgow YA olAFEAE RulE AL LEE
A4 AANNEE MAEsa Aot

247 FAE ol&sE HA A& ¥y E FHL w§ @i ot
A28 g2 AMgEE Ao, HEE o83ty VAE YA ¢ (728bar) oL
2 7158t A2 A WA F YA &% ol4@lLl C)eqE &EE #AAIH
Abgo] A 29A FAAHE HEA Aok AAFIA e ELEBELS 294
o] Atstg Ao £EAZ F o]& EIYUZRE o|FAZ F ¢YE PFH oliFasE B
SEEFH BEgo 7NANdRE "o BEd  71A olidsledie WZEo oA A
2 AE8HD o] EE 28AM YA FHE HE FEAAERN AATAHAN A
o] & HE £@FAlo|E L WHEIG 22§ 43, FF F Lvige Ryt Lol
FHe AYan v

ojgigt MAYL A dFEe &R, 2o 41, FEF Sviete] £t £
g AHe MYz o Y A E 3L sy 4H T 2] v 8F
23 FA ozt Aotk HIZo MLE VEEN 2AA olAFVALE o] &FE 2Y
Al & A FZ(Supercritical Fluid Extraction, SFE) %ol AM22¢ dA7|e2 4+FH
I Adrt.
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zd £83 AR 2ALE 2 U0l AT v AU EF wFHL &5 ot
Fearzwt F5E A FAY FFNLE FEFIIde AFH A Rty Lo
E A%E W Ro| dwrHoltt, Iy o2 AHOE AfEL F W o9 A
Aol Brbgsithe ©ao] gl A fdA AFAR #71 &WE AL I
Azl BE gHeHel AL F A

AH 2 ZAA CONA AREAAA HAE AA % 294 COl 5 FE(Re
Arstera A, COgz-philic part)ﬂr 54 2F% HHUEE Y FE&Yq =

—

- H Y
T T W

(hydrophilic part)2.2 Y& F dd. Joidlegas] FERESZE AWUSTAV|dA &
Aol Bolde £4dAl -%/‘E A §E perfluoro FHE Ev HEEo 2 X3 d
siloxane Alg 3§ Eo] aAFAZHoletn 4lA A AFA FEds 34 ol EE

& A& FHE A TYHE 7 7 e BF77F =9d5oloF vk dAzt
A ojy EHor sAgse] ALEHE #EIIEL Crown etherAd, §71 QALY 8
~DiketoneZ| ¥, DithiocarbamateZ|d, 28] i DendrimerAl¥ & 89€ + Qo).

a2Y-1L A Eoly F& A Y FEH)LE oA TAd Fo FEaE
£ gy oot} o9 e AR AUBAAE AESH COell %2 &=
A e FFo] b,

¥4

o].@_.

CO,-philic part

7 (F)n

Y n(F) v
\_(F)n - n(F)
/\_(“XAX { \(Fin ’.‘L‘x v
x X o
E $~x (F)n STX
") )\ X" ) Xy ) Fn

Cavity for /(F) 8 K}(F)n
chelating metal / M = Cs, Co, Nb, U etc /

X=0,5,N

Modified Crown Ether Compounds Chelating Complex

2.¥-1. Crown ether’t %012 M'e} ZeolE AFES A3y
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crownether9} #& E3& O]%
o]2& AN EE ZYAAH
0, B)dE oA

N — -



A EE ALY CO0l B E4E AU A
o9} & crownether® ©|€3 FEYd TEHoE ARNEHAE AELE F
e ZAEy]) YA s ABEHAE G4 7‘“"3*]% T AEe A2 g
ARBAAE FAsA o] EofdlA EAAHQ MFgs E=Ustax o dwty oz
o] wrale 3FHE AHEGAd 29Ul A *‘Zﬂﬁ}”i HE A& o3}
b 23 H 7 Eo] AAE £ Stk olHd HE asy] A old aY¥2ANYE #
of ols] AWNEAAL SAo] WHIHIEE TARIdY HFHoE QAW EId
AE AMY AHUGHAE FA s8R

A

4 = X N oo
Olor“rw

o % CO, F\ /— A g A A '\ /‘ ¥4

7htER L_E A Cycle

\ J \_ ARG A
74 Co, *

L84

UV ZA}

ad 2. AA7ts AREHAE ol &8 TAHAARA

Aol Jhse AuedEAe 428 19 364 YeEdn dn 22 dede 3=
Aol 23 Tz o ZAHolE FAFHI WA Aod. Fo FAH EFHL
photoswitchable metal ion tweezerZ €& A Av EAJH, 5F 3o W <3t
Fgor FRHUYELE doA, HYolEY F&Ho|2 FEFHErL ¥sstA Ao w
2}A, metal ion® F&d F& HIEBAAMTE L olE AEYHZ AA, Y F 5
A Weg FAMHA F£0]2E molecular tweezer2 % A ASA HY, AWRZAHAE
AALE & 5 A goh oA A ol EFE HA COell HE38 € vl HiE

3 R g o9t A 1Y 4o FoA AAH A FET AFFQ 0“'53}31 A
HY F o]FA Wgg oL AUGHAY FAE oty P A
BAL AAe] o] A oA NEo] dojurnR o] g wg& o] &3 H *H
& el 2] photoswitchable tweezer/l &= 7} 3}t

HZ 1087 89 CO; AvgAdy MEe F2 ¥z 44 78 & e
Aolx dAF deolE tE g Hojitstad H4AL 2= perfluorod &S
EIAAA AHGHEY fAEE wolv HFLRE o]FoA I B IAFA(IF Y

AEY 1) dF4ol BRdn e IR #7184 V({145 ES ol §3
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Aed {7184 W, diketone St ES] AU 48 vHE, AFAGFES o] &3
F71E44Y B)E ol g3 ol MLHAA = AREHAE FAA AFHd Fo,
olE ARE 7|2E WAEHAd oid AYAd R Vsl FEE M2 AUGHE
Ag g A 39 olE HAEY FAHLS e AUELE FHE T Aoy
Z3E F71E4UHoE FE8 M2 ARILAE AEA dAJLsn FAstaxt
st o,

UV(313 nm)
e
s mem—————
O Vis(>480 nm)
X7 -
X x X 3 X
X ‘) ‘. X ~/X & X X
G % X X _x/
(X .
open-ring form )
anti-parallel conformation closed-ring form

parallel conformation

18 3. Photoswitchable metal ion tweezer ‘{’_}—8—7HL§E -
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E AT E ol EANES A7 A F WHAHEDE EUst] AALE o]
7bed AHolEE ﬂ*&la}”’“, °le 789 ol Hople FHIXES F7IEv
Zolgly HeHolEd % & THE dotiy ¥4 I2l3 o] ZHRE EdE o
A EE= 2YA COXIAM FH0)2E £dF8 R AAEe] 7HeEA ] diaiy dotr
%ot

3-1-2. AP olE &9 crown ether

crown etherdl€¢ HFEELS 1 FRAAM YEIY K] oxygendl &3] 5579 &
W Qdde] gvtn &aelA qlth ol EE crown etherd IA7IE YehdEd Z4z
9} ring-sized] Wt AR A7V & FHO|LZE FF2 ¥ 7 de FEE 7HAL 3
03 ezl nle)] 9)8t crown etherd I ZAvlel |33 4o F&olx9
A g&) B7t 7HEEA HoXE Aol |

B Ao s FAe EAd crown etherE 4ZFo] F NE =dTge2 & 37|89
A FREE FEFE5 olede A% FAEE B FEo| JMEdA Yolrm, o] 3}
o AAEA i E dotwaEn 3ok HAHA FA A g A¥FEE 19 5
o] JElQOeH FHMEAHAE crowns A7 wal 5BCDS 6BCDE 9FA sl
a8 39 BAE olE9 open el ring closure® HElE 247 a, b2 FEIAT.



Compound
p molecule diameter
(crown ether)

(v} Lo}
[o j 12-15 A
_/

12-crown-4

4N
(K,O\JB 17-22 A

15-crown-5
(™

(0 oj 26-32 A
NN

18~-crown-6

¥ 1. crownether® W& =7

Ionic Diameter A
K’ 2.66
Na' 1.80
Li' 1.20

¥ 2. alkali §% o] A7
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Br, 8r,

- - By
n-BuLi 2.(n-BuO);B
ﬂ Toam m ‘ - n ~OH
Br i 8

g at room temp S in THF at -78°C S S
stirring for Zhour

HslOQy & lz I/\O ‘:

Q
ACOH & H0.8 150, /CE
|
L reflux for 16 hour %\/O
n

=l 3-1
n=2 3-2
PA(PPhy), Br
B T o
B
s B:g: * D: 0 in THF reflux § g
i
Loj) reflux for 20 hour Loj)
f n

FF

Br. K\ n=2 4-2
2 O
%0 -} InBuli 2. ;«-&-&g
j) in THF at -78°C
n

O/\o
o] . - e
"(&o‘)j w1 5.1(5 BCD a) o

n2  5-2(6 BCD a)

1% 5. 5BCD-a%t 6BCD-a9 &4 Hax

- 11 -




A 32 A A7 WE

3-2-1. 7171 & A%

B8 Eheo oo 2 F NMR spectrometer® Bruker 400MHzE '‘H NMR
spectrometer¥ Bruker 200MHz& A}-83t 3, Chemical shifte W¥ T&F £32<
TMS (tetramethylsilane)® 71F S 2 o -unit® EA I diojee Yd&34 o] 71&3}
%t} : chemical shift(multiplicity, coupling constant(Hz), interated intensity) : Splitting
pattern  s(singlet), d(doublet), t(triplet), q(quartet), m(multiplet) &2 F A] 8} o}

IR spectrometers= Jasco FT/IR-430€ Al&3lH o, 5=4d2 MEL-TEM O &€ o &
sl ZAslgoen BA A &k, UV spectrometer ¥ Milton Roy 30003
Hitachi U 20002 AM&-3tden, 3 ZAtel ARE lampe Altecholl A A Z3% 500W
high pressure mercury lamp& ©] %89 48mW/cm’E ZA}sld A4y, B 97 =
Holl A in-situ UV-VIS spectrume €47] H8ixe Y celle] tldh A3 A&
2-3 sectiono] A} 7]1&38At}h ICPE "% % 0|29 FE& SAs=d AMgsdd.

W28 A ¥ AldrichAle]l 98% 2-methylthiophene2 AM&3tg 1, benzo-12-
crown-4-etherv 99%, benzo-15-crown-5-ether 98%, benzo-18- crown-6-ether 99%
9] aldrichAl9] Al¥F & 2831 octaflurocyclopentene 97%¢] Lancaster A& & A}-4314
t}. lithiationo] A}€ ¥ n-BuLi(nomal-butyl lithium)€& 25M9] hexaned] Zolgles Aog
AldrichA}9] A E & AE39 3 (n-BuO)sB(tributyl borate)e 97%d2 AldrichAlY] A=
2 AL . wHe £ofQl tetrahydrofuran(THF), acetic acid(AcOH), chloroform(CHCls),
a8l ether(diethyl  ether)®  AFHAL AEE AMESHY. wrgo  ALgE
tetrahydrofuran(THF)& 24 973l A sodium/benzophenone ketylZ2%E Z§dto] A}
3ttt ®hg AEE 0.25mme He7iAdel zmYE g2 o AZREIYI(TLC, Merk
keisgel 60F-254)& o438t UV-lamp, vanilline, phosphmolibdic acid(PMA), 2 iodine%
A Aeker Folstyew, AME HAd A&" flash column chromatography:
230-400mesh(Merk) 4 &]7}72-& AH-&-3t5Art.
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3-2-2. 5BCD% 6BCDY #4
3-9-2-1. 5-Methyl-2,4-dibromothiophene®] #4°*

Br

ﬂ - / \
in AcOH at room t
in AcOH at room temp Br

S S

1

AL 2973l A 2-methylthiophene 1.00g(10.186mmol)€ AcOH(acetic acid)oll &A1
¥ o|& ice bath& o]-& 0CE WA, E & 879 24 eq?] 1.26ml(24.447mmol) <]
Brz(Bromine)& AcOH(acetic acid)ol €3#AlA 0CE ¥z ¥ 2-methylthiophene& %]
transferAl A FACh o] HEES A3 FLo] HEE HF 1, o] LA 1A Tt auk A
1 F brine® 7HEiA wEE $ AFdh ol YAl CHClE ©]8 F8H4oZRE F&8 %
¥38 NayS:0s(sodium thiosulfate) 243 ¥38 NaCOs(sodium carbonate) 5840 2
2-33 RoiFArh £71%& MgSOsmagnesium sulfate) 2 AXA7)1 1, 74} slollA EojE A
A% F flash column chromatography (only hexane)2.2 AA|gtod A o] WAE 253gS A
At

F5E 9%
TLC R¢ 0.77 (only hexane)
'H-NMR(200MHz, CDCls) © 8 2.31(s, 3H) , 6.83(s, 1H)

- 13 -~



3-2-2-2. 4-Bromo-5-methylthiophene-2-boronic acid] #4°

Br.

Br
m 1 .n~BuLi: 2.(n-BuQ);B - n oH
Br in THF at -78°C B/

s s
o

2

Ah  BYristelA  24-dibromo-5-methylthiophene  10.00g(39.069mmol)&  &vj
THF (tetrahydrofuran)o 200mi2 €& 7] ¥, n-BuLi(25M solution in hexane)17.97mlZ
-78C ol A 308 F<t lithiationg AlFth o] w&Eo ~78CE WAzl THF 50mlel o} ¢l
¥ (n-BuQ)3B (tributyl borate) 15.29ml (46.883mmol)& M3 3| 7}st ). o] 2xelA] 247k
wek A7) F A Ao 28 F1 4% HCL 100mlE 718lA w88 F4 AH o] v&
Z9] &ul(THF)E Zgstdl AA ¥ A ether 200ml2 59} o] #7152 A NaOH
200ml2(100mlE 23]) BAES 59 W, NaOHd o} e AAAEE oA 10% HCl ¢
80mlE A3} AAFH AMEo] dojA=d|, ol & filterationd F3dtd A E 3623g& d&
F AAUTH

TEE | 42%
TLC R: 0.32 (hexane : ethyl acetate = 1 : 5)

'H-NMR(200MHz, CDCls) : & 2.48(s, 3H) , 3.38(s, 2H) , 7.50(s, 1H)

- 14 -~



3-2-2-3. 4-lodobenzo-15-crown-5-ether® &4’

N

° ) HO, & 1
o ACOH & H & 1,50,

o

3-1

A4 £97) &elA benzo-15-crown-5-ether 1.16g(4.323mmol)# 0.439g 2] I(iodine 1.730
mmol)® 0.197g9] HslOe(periodic acid 0.864mmol)E& AcOH(25ml) ¢ H,O(Gml) g3
HoSO406mDE &z 3t f3AHT o] WEEEE 70TAA 2041 7H5t wnk Ao, wh
$& H 08 250mlE H7bsle 22 AFH L, T8Y22RE ether§ AHE3ld HHEE F53
9&‘:} 23 & NagS:03 7897 T3hd NaxCOs5€ Y22 2-38] No|FAch 24dstol A Loj

AAHM MAAE 1.176g8 IE F AN

TEE ! 69%
TLC R: 0.35 (hexane : ethyl acetate = 1:4 )

'H-NMR(200MHz, CDCls) : & 3.60-3.81(m, 8H) , 3.83-3.98(m, 4H), 4.02-4.17(m, 4H),
6.59(d, 1H) , 7.05-7.25(m, 3H)

...15..



3-2-2-3. 4-Todobenzo-18-crown-6-ether?) #4°

M M

H0, & 1
AcOH & H;0 & H,80,
@E " 760(: 2 4 /EI
|

. P

ALk 897 st A benzo-18-crown-6-ether 1.51g(4.834mmol) 3 0.491g I»(1.936mmol) 2
2 0220g HslOs(periodic acid 0.967mmol)E& AcOH(25ml) & H0(5ml) 221
H2SO040.6mD)E &l st £&AlFT) o] HIGEEE T0CE 204135 23l Wk A7
t}, Hkg-2 HOF 250miE H71ste 4 AAL FEH2LZRE etherZ2 N ES FEIAT
F71%¢ ¥39 NagS:0:F4 47 £318 NaCOsFE A2 2-33] AojFAch 7t dhollA &
& AMAHA WAHE 1.826g8 AU

T5E | 86%
TLC R¢ 0.165 (hexane : ethyl acetate = 1 :4 )

'H-NMR(60MHz, CDCls) : & 3.65-3.81(m, 16H) , 3.85-3.98(m, 4H), 4.10-4.20(m, 4H),
6.62(d, 1H) , 7.06-7.32(m, 3H)
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3-2-2-4.1,3-Bromo-2-methyl-5-(2,5,8,11,14-pentaoxabicyclo{13.4.0]lnonadeca-1(1

5),16,18-triene- 17~y1)thiophene&IO

Br
Br Pd(”"‘ah

in THF reflux )
/©: O/\\o

As B97) st A oA FA§ 4-iodobenzo-15-crown-5~ether 3.00g (6.845 mmol)3
1.66g9 4-bromo-5-methylthiophene-2-boronic acid (7530 mmol) 281 0.732g¢
Pd(PPhs)s (0.589mmol)E& & THF$ NaxCOs; 2N 15mlE & A|F ) o] 1S EEL 90T
ol A 12A12F FoF awkg A7l F HAE] ALoE W AZh brines WolEL 2 WS F
AANZAL) o] wgEe &v) THFE Y 3tolA AU L #8402 HE] CHChoE HAHE
€ FE3UT K715 MgSOE ARAAL, #AGstAM &g A F flash column
chromatography (hexane : ethyl acetate = 1 : 522 HAIHUH. & T Hexanel
3-43) MolFo2A HAE 2307g8 A

TFE5E © 76%
TLC R: 043 (hexane : ethyl acetate = 1 : 5 )

'H-NMR(200MHz, CDCls) @ & 240(s, 3H) , 3.80-370(m, 8H), 3.85-398(m, 4H),
4.10-4.20(m, 4H) , 6.84(d, 1H) , 6.95-7.13(m, 3H)
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3-2-2-4. 2,3-Bromo-2-methyl-5-(2,5,8,11,14,17-hexaoxabicyclo[16.4.0]

docosa-1(18), 19,21-triene-20-yl)thiophene™"

Br (\ O/ﬁ B

Pd(PPh,), 7\

b\ O + ° O) 8
"% in THF reflux ™
| o

AA B97] stollA follA F§A & 4-iodobenzo-18-crown-6-ether 3.13g (7.94 mmol)3}
1.93g9] 4-bromo-5-methylthiophene-2-boronic acid (7530 mmol) 283 0.85g¢
Pd(PPhs)s (0.589mmol)E &v THF} Na:CO3 2N 15mlZ &3|A|F T} o] Bt$EEE 90T
ol A 12A17F Bt TS A7l § HHE] AL0E W AlZ Y brine§ FolFo2ZN WEE F
HA AT o] kg% &ul THFE 74 stollA AAANL s8R0z RE CHChe 2 BAE
S FE5t9uh f71%E MgSOE ARAH L, HYstols &o& A F flash column
chromatography (hexane - ethyl-acetate = 1 : 5)22 AHAEAT ol& YAl Hexanel &
3-43] Aol EZHN AYE 2.090ge LU

TE5E | 54%
TLC R: 0.30 (hexane : ethyl acetate = 1 :5)

'H-NMR(200MHz, CDCls) : & 239(s, 3H) , 360-3.82(m, 16H), 3.83-4.00(m, 4H),
4.10-4.25(m, 4H) , 6.99(d, 1H) , 6.89-7.20(m, 3H)

_18_



3-2-2-5.1.3-(2-(2-methyl-5(2,5,8,11,14-pentaoxabicyclo[13.4.0]-nonadeca-1(15),1
6,18-triene-17-y1)(3-thienyl))-3,3,4,4,5,5-hexafluorocyclopet-1-enyl)-2-methyl-5
(2,5,8,11,14-pentaoxabicyclo[13.4.0]-nonadeca-1(15),16,18-triene~17-yl)thiophene
(5-BCD a)*"

Ln-Buli
EF

Br, F\
o
2 0 > 2 F £
s
d
0 y __F ¢

\_o° in THF 2t -78°C

3-bromo-2-methyl-5-(2,5,8,11,14,17-hexaoxabicyclo[16.4.0]Jdocosa-1(18),19,21 -triene~20~
yhthiophene 0.694g(1.565 mmol)& &v] THFd| £8jA171 & -78C & Wz} A H} o] wregE
o 0.81ml¢] n-BuLi(2.035mmol 2.5M solution in hexane)& 7}8] 8+¢8& -78C oAl 308
< vH$-E-& lithiationA)|Zth o) W29 0.1ml 9 octaflurocyclopentene(0.75mmol) & 7}
gt o] EollA 2A1ZbEQF wyk e ¥hES A7l ¥ M wbE 2EE Aeow 21,
H08 712y whg-& $2 A o8 #Ystal &uj& AL §715 ¢ CHChe R
FE39h ol& Al HOZ 2-33] AolFcth ZYsteA £uf& A AT % flash column
chiromatography (hexane : ethyl acetate = 1 : 5) 22 A A& o]& }A] hexaneoZ 3-43]
AoAFoz2y AAHE 0210g2 AT

T5E 1 31%
TLC Rs 0.43 (hexane : ethyl acetate =1 :5)

'H-NMR(200MHz, CDCl) : & 246(s, 3H) , 3.70-3.82(m, 8H), 3.89-3.99(m, 4H),
4.10~4.25(m, 4H) , 6.96(d, 1H) , 7.00-7.15(m, 3H)
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3-2-2-5. 2.3-(2~(2-methyl-5(2,5,8,11,14,17-hexaoxabicyclo[16.4.0]-docosa-1(18),19,21 -
triene-20-y1)(3-thienyl))-3,3,4,4,5,5~hexafluorocyclopet-1-enyl)-2-methyl-5(2,5,8,11,14,17
~hexaoxabicyclo[16.4.0]-docosa-1(18),19,21 ~triene-20-yl)thiophene(6BCD a)**°

EF

Br /\‘ 1.n-Buli ; g
(")

o [o] F F ~ S s /_.__\

K/O\) in THF a1 -76°C <—o o o 0"}
) q 0
<-—0 O—) Q—-o\—’/o

N/
5-2

3-Bromo-2-methyl-5-(2,5,8,11,14,17-hexaoxabicyclo{16.4.0ldocosa-1(18),19,21 - triene-20-
yDthiophene 1.90g(3.898mmol)& &v| THF| &3lA171 § -78CE ¥Z A|Ft] of §kgEd
2.00ml19 n-BuLi(5.067mmol 2.5M solution in hexane)& 7}&] -78 C ol A 30% <t wEE&
lithiationA] i th. ©] ¥H&-E4 0.25ml ¢ octaflurocyclopentene(l.87lmmol)& 7}8t} o] &%
ol A 2A1ZHEQE Wk Bto] wkg-g A7l F WM it 258 Ao &gy H08 Moz
AN reE F4 A ol& #st &l AANUR £71F3 & CHCLhe 2 F&8HTh o8
Al HOE 2-33] Ao}, dstelA &ujE AAS £ flash column chromatography
(hexane : ethyl acetate = 1 : 5)2.& A3 o]& TA| hexanel E 3-43] HojFo2H A
A4E 0352g8 4G,

FEE 1 19%
TLC Rt 0.14 (hexane : ethyl acetate = 1 : 5 )

'H-NMR(200MHz, CDCl) : & 239(s, 3H) , 368-3.82(m, 16H), 3.86-3.98(m, 4H),
4.12-4.25(m, 4H) , 6.99(d, 1H) , 6.92-7.10(m, 3H)
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3-2-3. ¢tEZHA AYE AVEAAA

anthrone® 9-bromomethyl anthracene(9-hydroxymethy anthraceneS Z 58 A4
oz RE 74zt dAaYAg AU §AEH BAJE(FF FHIHU=E F
£ £ e FHED) gdEHA FEAE FUARE G olES o889 9 1
oA gzt s 5F FFEQ, ZolETErt F3E bianthryl S{ES €A
gzl o8 7kA] wee AREFHT. 1Y, 98 AFES e EHG. adia
ofel Fo FE FAA u$ F8tEld AR E GEHA FEAES FAHAE +
AN

[N
Br g\o
NaH, DMF
cmﬂzcnrocmm,oa‘

o Ts-NH N Ms-Cl N\ [ owms
K2C03, DMF pyndmc

F HAZ Al=d S¥ES ol JddMSG B2 HYEEHM, anthroneC ZFE o2
7HA Bt gg AX AR FAHHNY. ol4EE A gFELS B A7
el Ag FAFHAZ AegX, E4A GEZHN 1YE WIANL F Az, Aol

ETE FELE AFEA HIAL £ Ade HAAAM e §&3 FdHolE & &
A,

- 21 -



o) 1.NaOH/H,0/MC OCH,

PhCH,N(E1),CI NBS, 12 CCl,
e ——————
O‘O 2. (CH;),S0,

QCH; Pd(PPhy)y, EGsN,
DMF, heating O
see 7
Br 0=p
=
Q
oo o I~
R=0CHj,
H t
o |
OOO R=CH,CH,CHOTBS |
Br i

tOTBS
F AE

ol2] & bianthryl3ld &8 & EZAY 9HY X of Rel| COx-phillictt A& & & &
EFo=9dx7 A% Xgd A/ g FASA HU HAFEHI}e AVIEHYEREE F

datelel Zitheo

/ COz‘Phl“lC

",."‘, \\:..\‘
Metal-Ligand

- 22 ~



3-2-3-1. ¢EZA ALY #A4

OH Br

PPhy , Br,
T ————————
CH;CN

1 2

4 CHsCNe| ¢}Ql+ triphenyl phosphine(7.6g, 28.8mmol)®)] bromine(1.23ml.,
24mmol)& 71§ %, 0ColA 9-anthracenemethanol(l, 5.0g, 2dmmol)S HH 3 718y
o} Aol A (A1 F WEEAIZl Fo ice bathE ©]&3lY 2EE 0CE W39 10
FAE avtA 7 Foll WAE solidE filterationdt 3L diehyl ether®t hexaneo & )@=
g &8 1A WAE, 28 AU
TFEE 2%

'H NMR(200MHz) CDCls
8 5.46(s, 2H), 67.62(m, 4H), 6 8.27(dd, J=7.35Hz, 2H), &§8.60(d, J=7.9, 2H)

r_!“ o
Br

N

L0000 e

B4 THF(0mDel Solgle  9-Bromomethylanthracene(2, 1.0g, 3.69mmol)9)
3-Amino-1- propanol(0.14mL, 1.8mmol)& ¥ 2%, ice bathE °©] &3 0CE W30
pyridine(0.75mL, 9.2mmol)-& A3 FH7sta, FLolA 247 F< AFEE A
th, TLCE HISAEE U ¥ 82 9gg FHANI L, F£849 Fo02HE ethyl
acetate2 712 & FEF F, brineE A3, NaSO2 AZAAH 7ZgatollA &of
& A A F, flash column chromatography 2 ZH2& AAs Ay mH9 &
T3 BHE 34U

TEE 1 257%

'H NMR(200MHz) CDCls

818(t, 2H), 8287(t, 2H), §3.20(t, 2H), 64.60(s, 4H), §7.36(m, 8H), &7.98(d,
J=8.1Hz, 4H), 68.28(t, J=7.33, 4H), &§84l(s, 2H)

-23 -



CH,

CH 3

ci No\’/\OH N O=g=0

E > {
N
0 ==g =0 K ,CO ;/DMF, reflux
NH

OH OH

KoCOs(12.1g, 87.6mmol)& Dimethyl formamided] ¥ ¢F 1087t ZstAl mukA] i)

p-Toluenesulfonamide(3.0g, 17.52mmol)€ ¥ ¢f 3083 A rA A}, 2-(2-Chloroeth

oxy )ethanol(4.8ml, 4556mmol)& &AM olF HH3JF dropwiseAlZITh. < 5087
YAl F refluxA 1T} o)W 9] oil bath temp.& ¢F 190TC ]t}

TLCAH A wr8-ZF 48 #<2l(chloroform:methanol=10:1¢14 Rf = 0.34)8 F I AE

filter¥¢] §4& 73t solvent removedttt.

o] W AAME e =T34 d¥eld mixtureE NaHCOs;(13])9} brine(23]),18] 1

methylene chloride® o{F3, MgSO&E AXAIF, flesh column chromatography

2 FEstd

FE5& 1 825%

'H NMR(200MHz) CDCl;

1 0242(s, 3H), 63.36(t, J=55Hz, 4H), &§3.50~3.55(m, 4H), &3.67(t, J=5.38Hz, 8H),

6731 (d, J=8.3Hz,2H), &8 7.70(d, J=8.3Hz, 2H)

mlo

CHy CH,
Q
0:$:0 ch—g-CI o-s 20
N
(_g' 1\ CH,Cl,
5 6

AR Arel 5HE A ((0.314g, 0.9mmol)E 424 ¥4 methylene chlorided =¢itt,
triethyl amine(0.36ml, 257mmol)€ ¥ i, 0CE ¢ 30&7t  coolingAlZth. =
methansulfonyl chloride(0.25ml, 3.2mmol)& 0Col A ¥ &, A2olA stierrA] 71},

TLCA A ¥tg ZAE& #<l(chloroform:methanol=10:1914 R = 043)%, emthylene
chloride®} ice-water® Al€3le W&& FAAFIZL  organic layer® 5%

...24..



NaHCO3(100ml X 23)), brine2E AlF3 MgSOE AXZA Y. #AA3 soventE
AAZE ol el product 6 & ¥ F AR
FEE © 784%
'H NMR(200MHz) CDCl3

8 2.43(s, 3H), §3.05(s, 6H), §3.37(t, J=5.77, 4H), 63.67(m, 8H), §4.32 (m, 4H),
8 7.30(t, J=6.48Hz, 2H), 7.69(d, J=8.26Hz, 2H)

(LX) simasme 2mmser )

THF

OH oTBS

ALE7] oAy #AzE T2 vte Felx3d 3-(-9-anthryD-1-propanol(0.5g,
21mmol)-& ¥ 1 THFE =< ¥, imidazole(0.43g, 6.3mmol)7t8t 3 =<1t} ice-bathE
ol &3t 0CE WZHAIF| I 10837 WA ZIT), o] §-olof TBS-CIE ¥ 3A7HESH
WA It TLCE #EAEE &g F & ol§dte wgg T2 Aoy,
diethyl ether® f71%& 283Ut £3¥ NaClE AolF i, NaxSOs2 AZRAZH .
LujAAFE ZGEE flash column chromatography® AAse <43 ANE
O-TBS antracene F =4 0.7g& LA

TFEE95%

Br

OOO INBS 2.1,-CCl, OOO

ccl,

oTBS OTBS

ALE7] doA HFE T2 vig EFgt2=a9  O-TBS antracene % #|(2.56g,
7.3mmol)E ¥ 31 CCL(1I0mDE ¢ F, NBS(1.27g, 7.13mmol)7}8}31 =<t} o] £
o] CCloll 39 iodine(Iz 0.2g, CCly 10mD)€ 273%& Hojxelil oil~bathE ]85
2E2E 50C7HA HAMF] & Eoh 3AES w¥kA 7T TLCE WSAEE g



T 28 olfslod wgg £4 AF e, dimethylene chloride® #71%5& #2838 %ch
E3lE® NaClE AolFi, NaSO2 HAZRAIATY. oA AF FFELS flash column
chromatography® AA & &£ A4E  [3-(10-bromo-9-anthryl) propoxy]
(tert-butyl)dimethylsilane 3.1g& AUt}

5 5:98%

0 OCH,
1. NaO}VH20/ CHzClz/

triethylbenzylammonium chloride

O‘O 2. dimethyl sulfate OOO
CH,Cl

Methylene chloride(25mi)el %2 anthrone(lg, 4.8mmol)¥ dimethyl sulfate(1.9g,
15mmol)ell sodium hyroxide(8g, 0.2mol)¥ triethylbenzylammonium chloride(0.25g,
Llmmol)& E(25mDoll =4 713t o] §4& 1AFEL AL TLCE ¥§
A E e &, & 100mlE At&sto s AH T} Methylene chlorideZ F&3dl1,
71%& 10%HC], 5%NaHCO; 183 B& o] &3t Az Ao+t MgSOE
zatn ZgstolA &uiAA F, FHEL petroleum ether(40760° )& A A A 5t
58 A E 9-methoxyanthrane 0.98gS AUt}

Ay A o

224 ether(88ml)ol acryloyl chloride(6.49ml, 79.89mmoD& ¥ *=¢ ¥ 0CE Yz
AlF13 EtN(10.07ml, 1065mmol)& M3 7ietdth. o] &9do  triethylene
glycol(3.55ml, 26.6mmol)e 0CE FAAIFIHA HHE 718t TLCE WNSAHZE
g3 § B2 928 7238932 methylene chloride® FZ3tAth. 74t 3toll A £of
g A AT BHEEL flash column chromatography & B At <3 HAHE 48z

=2
4 Aot
T58571%

-~ 26 -



OCH,4 OCH,

ccl,

Br

AALES 7] A ARE T2 w9 EA 3o 9-methoxyanthracene(0.8g, 3.8mmol)
€ ¥ CCL(3ZmNE =9 F, NBS(0.69g, 3.8mmol)7}st ), o] & CClyol
=9l jodine(lz 0.2g, CCly 1I0mD¥& 273%W& Holxg i oil-bathE ©| &3 2%& 5
0C7AA AH3d] & FE 3AULFL AYVAF|IL TLCE WAL E QAT ¥+ S
o] &3t W& FZ AHon, methylene chloride® #71%& Esiyd. x3g
NaCl2 MolF1, NaSOE ARANHATG. §9iAA F FFEE flash column
chromatography & A A8l &8 AAE 10-bromo-9-anthryl methyl ether 1g2 ¢
AT,

T5E:90%

OCHs OCH,

PJ(OAC), PPh
I ¢ e O CLO
O

2 oL @

./ DMF
00, 0 0 00

Dimethylformamide(8ml)ell  2-{2-[2-(acryloyloxy)ethoxylethoxy)ehtyl acrylate(0.27g,
l.lmmol) g =¢ #F 10-bromo-9-anthryl methyl ether(0.5g, 1.7mmol), Pd(OAC)2(0.01
95g, 0.0868mmol), PPh3(0.046g, 0.1735mmol)-& &2 ¥ 1083 3o}, Ice-bath
g o] 838 0CE YA EtsN(0.16ml, 1.7mmol)& HH3] 71 £, 90CT#HA A
He) 2EE UG 3AZHESH sl celiteE ©] 43 catalystE filterdtdoh. B2
8-S FZA3 §F methylene chloride® #71%& & &t gt dtollA &olE A
Az Eg NaCl2 AoFi, NaSOE B2AZHY. ZHFEE flash column
chromatography & A A 8o &5 AAHE 2-[2-(2-{[(E)-3-(10-methoxy-9-anthryl)-
2-propenoylloxy }ehtoxy)ehtoxylethyl(E)-3-(10-methoxy-9-anthryl)-2-propenoate
0.85ge Al

TFEEH0%
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Pd(OAC), PPh OOO
“ o R RS oﬁ = ~

00000
DMF \._.J\...J\__JO

Dimethylformamide(10ml)el 2-{2-[2-(acryloyloxy)ethoxylethoxy}ehtyl acrylate (0.3g,
1.2mmol)-& *< ¥, 9-bromoanthracene(0.5g, 1.9mmol), PA(OAC)2(0.02g, 0.097mmol),
PPhs(0.05g, 0.194mmol)€ A2 P31 10%7F wWkgc}, ice-bath€ o] &3ld 0CE
WZFA 711 EtsN(0.18ml, 1.9mmol)€ M A3 71§ F, 0T/AA HA3] &= & &}
3N 7ZHEQE mubsla, celiteo] &8 catalyst& filter3l{th, B2 W8 £3E %
methylene chloride® ®71%& Zd3ach #IY oA &ul& AAS}z E3d
NaClZ MojF1, NaSOs2 AZEAIHY, FFE-E flash column chromatography® A
Al =48 AAE 2-[2-Q2-{[(E)-3-(9-anthryl)-2- propenoylloxy }ehtoxy)ehtoxy]
ethyl(E)-3-(9-anthryl)-2-propenoate 0.6g& 4},

TE5E150%

FEA 10ge 271 HM HF FgEo| TgAEUETF UEE FEE 719
A, 7 W B Yk F e d& F AU
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3-2-3. In-situ UV-VIS cell, F4tgd 2 gk 4F-§ view cell AF

AurA el FAardAR Y Bk AR ANEE EUAE 7 Uve 1L Yy FAS Z
gheb Al cell® A AEULH, o]& F3 view portE o] €3t UV-VIS 2HEHS
A £ UEE 2. £33 view PortE o] €3 UV-VIS A2dEAL B
749, beam path7} dcmAE HoM =7l Ad A8y FAE7 & AL AHE
Hol x3lso] HAHF HolHE I& F gl o A+E dvdo, F Fdolnjr} AH
AlB chamber7lA] H2E + e AAE 13t AFsdct 19 672 Fird ¢
gt Abekg cell# in-situ UV-VIS cell& BoF 3 Qth, 3 dolvo] g8 AdF=
€ dad FA4F FA477 298 ¢ JAEE HAHY glen, 2007 1geld A
Rew FF dFAVHEHe AF A¥EE 93 300071474 HE F Y HIP
pressure generatorZ AH&3}1tt}.

AZE celle 30, 90, 150=0]A4 A4 AEE FHE & de™ 1 cmA 7Y quartz
window& AH&38te] 2 qstel] AE + UEE AAHY Aok =d H4A FHH9
A3t Folz Z4rdA 2= A3E FAH BT FE7IE B 5 YEE o
daA ojmA AGg BHFE AHEEH YA AE A0 Jtedd &9 n4 &
4E BEY £ AEE AT FoAR AdEAA @ AEE HAEEY] HAME %
S oA @A EE T AL FEE FHo dojof Fu, Fakd A9} @t
FA7E BAll AEo] A" A A F AHAKE VUR AEIS AHRE 4L F
A=EE vt 29 82 Fd 9 2wt A2 NFEE BTy du 25%H
S AHMA B A¥PoA AEE LabViews 0|43 2% 3 ZgadS AL&34y
(299). €5 23& #9Ax9 PIDZA7|(HY-PI00)E ol &3tk 21¥ 10& #x|
o] AA BFE HAFE 1Yol

ml
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3-2-4. d+423%

3-2-4-1. 5BCD 2 6BCDY 3% wk-&4 (photocyclization)
gA9 5BCDY &9l 'H 200MHz NMR#% °F 400MHz NMRZ #<18 it} o 33
2o # weAL 500W high pressure mercury lampE o] €3t 48mW/cm’Z ZA}
stod zpe]AM-7IAIRA EFHoR F A AERE FUsATH 300nme T4 #F
o] Z+A & thiophene”] ¢ aromaticity’t I 2R A7l A2 & 4 3 500nm
o RS F #4499 7t 7+2HEE st Y 7 conjugationg BASEE A
e Adoln 29 11 o BEEAT. F A F olE A BAY HE ZAG A
2N A 279 FEE Bol7te AL HUAE T Y. ol T

3

2% ol
£ 29 @ F oA 4 AART Aol 7t5d YaolERAY 4R 4
98 + 9 54 FAT + 99D 29 12 o] FLHYG. BCDY ASE 2

[o]

S WReZ Jagstd e FEE Ho F& FUE + AU

——— NG itradition
e 10FPATY

250 300 3

50 460 450 500 550
Wavelength / nm

19 11. 5BCD-a%ll Al 5BCD-b& 9 # whg4
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3 E
O/\O sils Vis (O S8 o
(toﬁ Lo f Lo w}

———— Vig nrYe (127min)
e UV E AL (127min)

Absorbance

250 300 350 400 450 500 550
Wavelength / nm

19 12. 5BCD-bo) A 5BCD-a&9) 3 #hgA

3-2-4-2. £E B 2] o] F&d njE FIPE W

/448 5BCD-a 9} 6BCD-a& AM83le o8] 717 S&ol&F4 435 L& vjus)
At} picric acidE Al&3td FHFol2g YASA % F {F71F9 ol 5BCD-a%t
6BCD-a%l Z7|d] @& 4% 248 vas] Bytl’ 44 FEYLEL o8 AAS
& Q¥ picric acidg& 50%10°M¥EZ &1, o] &%¢] LiOH(lithium hydroxide),
NaOH(sodium hydroxide), KOH(potassium hydroxide), CsOH(cesium hydroxide)& 7}
Zk 0.IMEZ 3t H0ol %4t 28z 5-BCD-a%t 6BCD-ag 1.0x10°'ME =2 &9
CH.Clz(methylene chloride)ol 3t A E S $=7F FF0]28& o} F=
picric acid®] F ®je] <ofo] ET olfE HFYEY TRAY paralleld T
anti-parallel & 722 F 7MA7F 7+22 EA8A €. "Wt e 501229
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AF g o7t gEEe Hite] L8 AR AqAEte F e FEE HEAY.
o] T 7} £9& 4o extractiong F 38 picric acid®] FE&] WH3tE FIod 74
g4 @ 5BCD-a, 6BCD-a 9 540|239 43 248 8 oy o]&& & &8
=4 vlastd . 5BCD-a ¢ 6BCD-a 9 & & ol4AA ¥ F< 5BCD-b ¢
6BCD-be] 4ol 435 L& HUFLEN AR U8 T2 F o|AFAAE A
S o % FE YAHA Gty 2 AolE UBUERA dolr i o]& EiE AALE
o] 7} %A ol gk}

M+
(- — +
' LiOH oM
ON NO, ON NO,
+ NaOH
KOH
NO2 N
CsOH ©
in organic solvent
in aqueous

or in CO,

19 13. 5BCD, 6BCD ¥ picric acid& ©| &% F&0|& F& ¥4

[=}

F8A Lo g F&HolLo] picric acidE "IRE A {7 &9 methylene
chloride(MC)qtel 5BCD-aZ ol F3tA HW &4 o A& picric acid®) =7} ¥
3l3lA Hug ol& o]fsld FHdo FoldE picric acide] AJMH-7tAFAH BB
Hell & ol5d F&Hol& & AMNE £ U &7 &2 FEF FFY4e
19 149 VERWTE F&ol 9] Fx WHEE v YslA £43% picric acide] &

A
&0
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FRAATERY Y FFEL THS extractiond T FEYAX FU|EWE F
TE 4& FEYdM Fr WHEE AAsGTt. BEA L picric acid®t zHzte] &
As_:_;_q._,] 22 83 MCY9 FFEE do] o]& BAEAY. o] picric acid®

T HsleE $49 33 E 5BCD-a9 HeolE9 HE&& 9gv|siy 5BCD-b ¥x #

iy o 2 A ALEG T 6BCDE e "hAl oz &35

¥

rlo
o

80x10"

Absorbance

40 T T T Y
340 360 380 400
Wavelength / nm

a9 14. 7] €9 F& F F&0|2 o]F AXd W& picric acid® F3 %
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3-2-4-3. SR A F& o] FE ¥

7H) 5BCD a ¢ 5BCD b& X ¥ &dojAqo FHo]29 vk W3

100
90
80 r
70 |
60
50 r
40
30
20

Al = BN S
O ISR SN D 1 i

Li Na K Cs
@ Open O Closed| |

Concentration(%)

- 219 15. 5BCD-a%t 5BCD-be Methylene chlorides¢tel]l M o] F4o]l &9 =& H

5BCD-a T%¢ 5BCD-b7 x4 HEUEZAMSY JHE& 029 F& FZEHN 4
w3 Bokt. 5BCD-ad §& o2 #& AEE ZhZ Liel20] 81.3%, Na' o] &o9]
81.1%, K'o]&o] 161% Cs'ol°] 845% 2 Yetwtt 281 9& o 7=
BE ¥ F<2 SBCD-bTE FF o298 & AxE 747 Li'o]&o] 11.6%, Na’
0] 213%, K'ol&o] 847%, Cs'o]&o| 684%% YElyr) olg ARy 9d &
A 5BCD-ad o] F&d #adE & + UL, HYAF2 Csol2o] 713 58S ¢ +

gem olF o] faA F& F FFo o] F UL & F U

rE

2
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1}) 6BCD-a% 6BCD-bE& X &3 G oo FHolLo & W

100
90
80 |
70
60 -
50
40 |
30 |
20
10

Concentration{%)

K Cs
'@Open OClosed |

189 16. 6BCD-a%t 6BCD-b9 Methylene chloridetell A 2] §&0]| 29 &5 AL

6BCD-a 7% 6BCD-bT%¢ HHolEZAM MAL FHo|&9 F5 FTEHN 1
W) Btk 6BCD-a® % o€ & AxE 7tz Lite] 0] 125%, Na' o] 29
31.1%, K'o]¥-0] 821% Cs'o]0o] 59.3% & YElytt 28] WE £33l 72 W
38 3 ¥ 6BCD-b7TFY FF ol&9 F& HEE 47 Li'e]&09] 814%, Na' ©]
£0] 223%, K o]&0] 534%, Cs'ol&o] 428%= Ueldth o] ALo: Koo A
o] 71 S+EE 2o FUY.
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3-2-4-4, HA 2 ZAA olAFE L A FE o] FE W

B dAFolA 43 5BCDY 6BCDE HAEE ZdA olitsiaiolre £ &
7] &M, A 4E in-situ UV-VIS cell& ©] &3l &= & A5t 29 172
agtste A el HA7I719) NFEE HAFE JoH, view celld] el H$ ol &
HoiA 2y UV-VIS AR st 2HEYS IdAY, fiber opticsE ©] &3}
of UV-VIS 2~2HE-®S A

—| I |
|
/—" -——-—— ———
) i
colf | e g
Reaction Acetone
View Cell Trap

29 17 HA 2 2UA o AEw: FE AX

2% 18€ view portE o] &5t E Lo mE olF o AFVAo|MY EAEE HE
th o714 o & Qi AL ol ol AsleaclA AW 5BCDY HE AL ok
glom ¥ ool e T ARBAA TE LY EAI B 4 9SS wa =9

.

3.0]

254
J’ 1.0x10"M
20 "
g 5.0x10°M
& 154 - 2.5x10°M
£ 5
5 1.3x10°*M
2
< 1.0+

T
400

wavelength/nm

a9 18. View port& °©|&38o ZF3 g 5BCD
UvV-VIS&3H E Y
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a8y, 1.0x10 ' MEEANA FFE9 saturation® B FEE view portol] J§ =
Ao FAE BAF3 U ol & FH7] sl e UV-VIS cell® path lengthS &
ol kY ulo] glow, olg M E celld] WF FHE A ste HHE oy,
E dFdAde FHARZE celld HF Fdd E7IEE CAQSo o8& ZEsuz
slen, oAl 384 beam path lengthE AFHFA ZHE 4 JdodA, UV-VIS
ZAo] LoldA I dHeZE 250nmeoldte] AA HHL BF Qs Ho)
Atk 17 19 Fdolv & o] &3 o 5BCDY Ajztel] W& FJxo H3IE HogFe
Aol 10071¢F ALdlA 58 ojuid] MR gHHNeH, o 5x10'MPEY LI
£ zZteth

250 300 350 400 450
! wavelength (nm)

29 19 #F ARE o839 4L 5BCDY
UV—VIS ~¥E

5BCD¢} 6BCDS zYAIGHAA Y F&o]L F& TYHE olHr] Hdld g3 2
LAY zAdAN d¥s9. @A 10mLe ¥HE A view celldl &3
1.0x10*M% = 9] 5BCDEE 6BCD/MCEY 12mLE ¥ &9& AAsD, A AW
A4 A 4L s+ pentadecafluorooctanoic acid(PFOA, 5.0x10™“M), == tetraethyla
mmonium  pentadecafluorosulfonic  acid(NEtPFOSA)/methanol & 94 (1.0x10°M) £ <} &
He F tA o0& AATT. H79) lem x lem3A 7] UE &4 F&3uz &
£ gelxl w59 F&ol2oE AHE WE F AXAA ARE FHSAT. AEA
o ¢ 30mgel vHE BE& U &2 HIAA Fdol olF & LojdA 3}A
b AlHE &71e ¥ F 4A 4 EE 2YA FHE EM FF o2& FE3
Feow F&EF AAL 10mEZ MHsd, ICP(ILEEMAN ABS Inc.. Model DRE
SPEC)Z F&ol2 &9 FEAEE SAHIAHG. £ AdgdAs &% o] 2:5BCD
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¥+ 6BCD:counter ©|&Hl& Z+Zk 1:1:5¢F 1:10:509 B2 At oldlgs 43
ZHE 243 Folt H4-13 H4-2¢ 4 FHE 89T Folt)

PFOAE countero] &2 2 AR FE W, countero] &9 Fo] BEFE F& %o
Jotde & 4 gtk a2y, Srloles A, dubHoZ crownether? =77}
6BCDS] zZ7le] WAHEEE SBCDEY Ug RoE &3P oy, 8413 H4-249
ARZA Zdo| me 29 1 AFjs vHEgE RS g5 UTh 9o, AR
EA & B HNE S, 2 FE X7 A3 FUMEE ¢ T AT BAAA
5o FoAX F£%). olv 4wt FAFoR o) st FrHI] WEgoeE B
olm, olg{gt AL F-AOT(Hgol 7leHo UL)E AHET A 2 FFe
o FArh. NELPFOSAS ZHfde ANAoE FE&5Ho| YolAs HYF1 gle
W, o] NEtWPFOSAE YA olitsietardlA # g7t 2 o] PFOARY U2 AW
g4 E%E HAEE ¥ F AAYY o9t & AL Waisel o8 wxE Al
fFARIH Coel Afole Aoz 9o AfHT FE FHo| "oy ol:
crownether® =77} Co? A7|BTh AX ALHQU F&0] olFAXA 7] HELR
Azt

244 FE/M
5BCD 1.0x10*
6BCD 1.0x10
Co™ 1.89x107*

Sr* lOdOppm
PFOA 5.0x10™
NEt,PFOSA 1.0x10™°

E 3 49 =3
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5BCD, 6BCD 4%

Mol ratio Extractioin(%6)
6BCD .. N
Sr”' or Cof / PFOA s Co®
5BCD
6BCD 1 10 50 17 (51.7%)
5BCD 1 10 50 20
6BCD 1 1 5 1.07 (59.7%) 214
5BCD 1 1 5 4 13.1
Mol ratio Extractioin(26)
.\ .\ 6BCD/ » »
Sr*' or Co* 7 INEWPFOSA Sr* Co*
5BCD
6BCD 1 10 50 68
5BCD 1 10 50 38.5
6BCD 1 1 5 28 15.6
5BCD 1 1 5 26.6 21.7
E 4-1. ¥% o]29 YA olitdetidMeY FEAHE
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DC18C6, 5BCD, 6BCD # ¥

Mol ratio Extractioin(%6)
Sr*, Na' 6131():(1:)1,8:1?@ PFOA Sr” Na'
DCI18C6 1 10 50 36.14
6BCD 1 10 50 17 (61.7%)
5BCD 1 10 50 20
DC18C6 1 1 5 1.54
6BCD 1 1 5 1.07 (59.7%) 66.55
5BCD 1 1 5 4 4.149
Mol ratio Extractioin(%)
h Sr*', Na' GB[(),§)185?1360D NEtPFOSA Sr Na'
DC18Ca 1 10 50 72.28
6BCD 1 10 50 68
5BCD 1 10 50 | 385
DC18C6 1 1 5 17.27
6BCD 1 1 5 28 75.32
5BCD 1 1 5 26 55,52
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3-2-4-5. A E ADGAHAE o] &% Co? 2

Auld o & crownether= % ol&< Z7|d RIzstA @tz o33 H& HAe}
71 glehA B A7 AN e fluorodt AOT(F-AOT)E #A s, ddiHeg F&o) v
& Co %20l M8t F-AOTE A E: 2YA oligedioA reverse
micelle® A2 F&Hol29 Avld AHYel FEHE FHE AUz U FH
Zo] opd AdEled 7] A¥ZEAHA 1 & ALV A%E AIsie -5 dHE =2
of Fow I HF A B A7 FEAHAE Ho U4 ARE HAF Aoz
Zidsta ok o] A4 A AHY Ao wet F& FHol AA Aolrt FE ¢
F Jden Alg3 F-AOT % 29 v go g g BHee ¢ 5+ AATH

Al A F&%
F7E EEFo 43%
gk HE|F 9 74%

3-2-4-6. AR A A ] 35 9 ke £

2 AP T Aoteted AFEAA 2 U EAE 43 2AdA HF I+ tede
o, ¥ 49 reaction cellllFol EAsFgong AA 3+ L PALE Y3)A
EolE A #8 ¥ UEEF olFFez Hol W F de FEHUL FAFES %o
EEe JAZes A& W Ale]BE I &3] o]& ©E reaction cell2 3 F&
d 3% oleg way F A gPzHo 9o B st @xzx 20
oo wrRd = AWEALAI A2 HrEE & 7 AU
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3-2-5. &

5BCD-a/bet 6BCD-a/be] +2AQl atol& Qlet &4 £ AV F£9 F£0)
Heatgrt FEAANMe o] FEHI Ao ol faq FHoleg MNeHoz Ry
g F e 7t5AHE 2o Foh 5BCD-ag) +RE o] &3 5BCD-be vlsld &
Fol2Ede ¢ B F3FLE Fdd HY U ¥ FE5HELE HIY E3
S5BCD-a T2 & %35t FHo|28 FE4A Cs'ol29 F&%53o] B4T%E 71 Hol
4 Aoz veigt, v, 6BCD-aTRE B3l F&Ho|2 & FEA Koy &
E% 9ol 821%E 71 Hold ALRE YERT

HA Ee 29A FHdA FFo|2 FEd JoAAE vFY B9 Yol IA F
EHRE F+ES & + e, ole FFol29 e FAHY Y Aoz HI
o Al A 2o 982 E PFOAR T NEUWPFOSASY F& F8o] 953 Y42 A
2 UyehdEd olzie Fojx zAselM slgd S|l NEuPFOSAZS © Holu7)
w&olt}. Sr¥ o] /6BCD/NEUPFOSAS] A%, &% o] 70% Moz 1 2%
37} o}F ol Y& ¥ F AULH, CoP'Y ALolE F-AOTAI2® S A}l &3to
70%9 FEANE & & AUAT. HE £ 9 35 FH oM AL AF I
T 7heEE o 7 oA A Ee 2YUA FAE ol LT WAlE 29 de A A

AE7hsAd e 498 & At
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M4z A7iY SE 4z & ti2f 7|6z

B oAAle) 7Y HEZEE WAS AGe H47EA A D 2AA o))
BAE o] g HEAI AWAA S ERE suglen 23 el wAER
e A7 LAl AGE AUIGHAA §4 2 EA4E AT ARE 2AY A
HEAAAE Mgstazr a3

BEMEH THA
+ & HPNUSE APNRY WE L He 51| % EH 94
MM WA~ HHEMAH 4 ¥ EY|- MYIHsE AH 100%
HEE AY BEM| = oMol &4
y - In-situ BAIEHH| 9| 2@ 01§
. 22 in-situ light scattering
JEOHEE BFR] R
S PR cell 1005 20001 ¢
in-situ Raman Ex[| - 22 In-situ Raman cell ~ In-situ ZH] #d 90%
) gt ~HHrEE 0|88 MU AW™
AAE AHHEME| HAX &84 U@ EM TN B s uMe 100%
EM A BY A4 AN
-2Ete e |83t AjAIal Ajoi|- O{HE In-sity 100%
goMe AHEYH Sd 8 JHHY
Jin-situ Raman ZHx|| &
e g of . Cs ¥9 gzeEd4e HAsE
M 2RHA = ;ifﬂ:%ml‘fgﬁi;‘j 2% =9 509% Hl‘f%”g%ﬂ ME 1002
o e oz |- % Aess 1008 o | T
. . BE g o) Aol &Y 50%
o] A} - TN 80%
YHAME (B E)
-QUMEE AMH HE 97 9
4 =M

2 A7 ExdE 5BCD ¥ 6BCDEtE= MEE Hue AUEAAE A48, Sr,
Co, Cs& T #2 & ol HUJEANZ &3t AX EE 2YA A 8%
o2& AAY F UAFE EIow, fluorodt AOTE o83t A3 & + e A
HEYAE ddstd 43 35 TYol 50%olde] He ¢4 EAE ol 4
A9 in-situ Y cell& Azete] dFol| #BsALH, FHFE o] 8T F&}d

o

=
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2R BEEE o|FUeH 2% AAAAMY in-situ BFETH SAHAYES FHAY. 4
&

771 gEo g st ZA FeAde ER= oFofA A £ et FEnF
of st

_48—



M 5 & o7 Jig Zote| &#E8 AE

o ¥ AT FTuA AHE
- WARS A8 AWNEALA S fluorosk AOT AR &/ A)

£ :
AT ANES 1EY 7 AFIIMAE Re FEFCIEE, o] FES ¥LF
I HESAE 4 UEE B JdT AAE JAANUY. & |7 @JMW i}" g AUg
AAE ol B3t AA H& 7MsAd dFE BdT + U= o T Y &
ofel &7 EAE HAY £ AcAS B AY Ve ?—_J:E]II_X} ok # 479 9
A AFAE LCDAEY BEWH AHH & A7 dH}E ’—‘1%2} T ASAE ZAEAD.

uekA, b q4de AgRE e H2 d¥er FAHHAY 1= g FAAY
2 ZE WA deo 7gdez B 7w & e RAFAY

o 7lE®A aF R AE:

B AT ARGAA g4, AREEA FEEAEYH PHoE CO018 AYG 2 A
Aol Mt ZAlol 2HE AAHE AT F Aok A, £FHTL U= JHLY
Web Sited o] &3t FdEot BE7F 2 FAAANA & A7HY F A o
del 4" ool
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