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ok ZY2HES ZE AREAAE AL, of ARBNAE G Atetradecalethylene glycol) diacrylate]st &7 8 ZolN &3 H43o

vesicle §4& FAT thd, o] SAUe] B FLAA, RS0 #AH T wdE A 3 TRE 2E 1 AL of o] B Qe G
B€ 33N, TRAZ ARBAAEY 3 F Aolo] B0 Y& B2 g F2E YUHAT. FHol BY ¥ {7] $91E AHgse] ANYYAS
FEdA oAU F2E ZE L WY Fo2 o|FoW uEA BE PASYTh YA oAU F2E ZE 2B U] 4L s, o

9 BYozE A% ZE, A4E, B8 §¢ AU

Abstract: Cholesterol-containing surfactant was synthesized, and it was sonicated with monomer [tetradeca(ethylene glycol) diacrylate] in water to
form a vesicle solution. This vesicle solution was dried to construct a membrane which had a molecular multilayer structure. The monomer which
stay in this membrane was polymerized with photoinitiation, and then surfactant was extracted by organic solvent. The physical properties of the two
dimensional polymer network were measured, and these physical properties are tensile strength, elongation, and swelling.
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Vesicle® o#7 3.2 olFo2 789 % vipo] Zo| Bol
Y= FHe I M FEE AT ek ol vesicledl BE

AFe Agode d&d A 29 model systemE Z2aige
H1.2] vesicleo] 7HA T & EEF T2 Z YR 2oz Ay
¥ 22 AYF FUE 2 T2 o) FAYFH Rofd £45
71 NZP. 4% Eo] drug carrier systemll], photochemical
solar energy conversion system{34], reactivity control system
[5-7], controlled release system[8-10] & w4 B& Poloz &4
o] =5t

Cho 2 ZY2HES &Hdts ABBHAE FA st vesicle
£ FAAZDIL ol3 @ FHU2HEL FH3E vesiceS FAF
A d 71 A4 AA tEo] FY2HEL ol Fastn ¢

T AHEREoe ) o]2A A E vesicleS L S Aol
HATHIZ) 223 o] FYAEHEL e ADBHAE Fol= B
o £35%E 9 giant helical superstructureE ZH= Ro] ¢1L9
HoATHI3L o8l T2 Az #ulZo] ofd gut HuAoz
T #Eo] 7H5d,
Cho & ZUZHES TF3e 98 74 259 vesiceS S
e FH2HES FE3= o)Esles AEE stgoH14-16].
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F8 Q6] Ha gouz ol vesicleEol n¥UYI} e ¥
o XEAE MLHed FL2 model systemo] 8 & 1L Ao},

Fele SY2HES 2 AUNBAHAEL oRso] Ba
T2 PANZEHI718] olHF w¢ 7YF B oE: FzE
e 71¢ e o Wud $&o] Jsdu, 53 29 Az
A BopelAE mlA 7HF 71ge]l F238 wAsle ulA s
A717b 2 & YemHAA FolAa glong 2389 b
g 22333 @ AFS Meer) A olgdt £aF 450
Ao7leo] & dasitly HJzeci9-21]

B 794 FU2HE 718 2 AUBYAES B &4
AN A &3 4 (sonication)dts] vesicle £4& A7l F, o
AZAA &2 b3 72E 2= T2 34 o] Y A
37] dell 224 & A Hol £4 tE T2E 2+ g AN
718 € & AbojAlelz dAEel A ") o] Aol =
e A7Y ol ghe Fo2 o|Fojl 18R ghe wutSo] &
A8A doh 28 AE Fo AVBRASE 7] L6
FEANE o)AYA T2E 2 gk uvetEo] B43) HAHe
o] FAHAT F49 Do B4 AHugEd dARE AF
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2.4 ¥
2.1, Al 9 717

2 439 A48 ZH2HE, 6-bromohexancic acid, 11-
bromoundecanoic acid, N,N-dimethylethanolamine= Aldrich #A]Z
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S A28t o™, tetradeca (ethylene glycol) diacrylate (TDEGDA)
+ Shin-Nakamura Chemical A%& AH-81%lth. Infrared spectro-
photometers= Perkin-Elmer X 98%, nuclear magnetic resonance
spectrometers Varian EM 360 L&, X-ray diffractometer= Scitag
XDS-20002, sonicators Cole-Parmer 4710 250 W sonicatorg A}
£t

2.2.({(Cholesteryloxy)carbonyl} methy!) (2-hydroxyethyl)
dimethylammonium chloride (CHODAHE)2| &M

Cholesteryl chloroacetate 50 g (108 mmole)? 096 g (108
mmol)®] N N-dimethylethanolamine& +¥& 43 AAF 100
mLe CHCN# 20 mLe) THFe) %91 F, 4847+ 5 #7171
A grgAZT o]gA W A7 A uiE AAS OE ¢
o} BAES ethyl etherE A W Aotk 364 g (659 mmo))9)
CHODAHE7} ol t} (yield 61%, mp 137~139 T).

NMR (CDCl) & 08-24 (m, 41 H), 36 (s, 6 H, N-CHa),
34-38 (m, 4 H, CH>-0, CH-O, O-H), 42-43 (m, 2 H, N-CHy),
5.0 (s, 2 H, N-CHz-CO), 54 (m, 1 H, CH=C).

2.3. (5-{(Cholesteryloxy)carbonyl} pentyl) (2-hydroxyethyl)
dimethylammonium bromide (CHODAHE-5)2| &4

50 g (129 mmoD) 9l E2HAHE3 25 g (128 mmol)¢} 6-bromo-
hexanoic acid® Zv) 22| p-toluenesulfonic acid$t 7 200 mL9]
EZqlo] g8)A17it}h o] £4& Dean Stark FXE st LBALE
St BFatA v Az} A S8 (rotary evaporator)ol A &
g 2% AAT Fo 4 A E E22IF H5th o] 89
< 01 NNaOH €922 A ¥l AojFn ¥ ¥ §vE EF AA
8t @olF TAE oM EANN ABAHA 41 g (7.27 mmol)]
cholestery! 6-bromohexanoate (CHOBHE)7} €olZth (vield 57%,
mp 115~117C).

215 g (381 mmol)¢] CHOBHES} 0.34 g (3.81 mmol)¢] N,N-
dimethylethanolamineg & $43] AAg 50 mL9 CH:CN#H
10 mL¢] THFel %9 %, 4812t 5o BFA7AA A F
ojZA e A7 YA EuiE AAT Uf 2o ANES
ethyl ether2 Al ¥ Mol Wt 1.34g (205 mmol)®) CHODAHE-5
o] AoJA} (yield 54%, mp 141~1437T).

NMR (CDCl;) &6 08-24 (m, 49 H), 36 (s, 6 H, N-CHs),
34-38 (m, 4 H, CH;-O, CH-O, O-H), 42-43 (m, 4 H, N-CHy),
54 (m, 1 H, CH=C).

2.4. (10-{(Cholesteryloxy)carbonyi}decyl) (2-hydroxyethyl)
dimethylammonium bromide (CHODAHE-10)2| &4
oln] g ¥EE o] &3}e] Cholesteryl 11-bromoundecanoate
s} N N-dimethylethanolamineZ %€ A3t H18] (yield 53%,
mp 146~1487C).
NMR (CDCls) & 08-24 (m, 59 H), 36 (s, 6 H, N-CHa),
34-38 (m, 4 H, CH,-O, CH-O, O-H), 42-43 (m, 4 H, N-CHy),
54 (m, 1 H, CH=C).

2.5. Cast Filmg 0|88t &% ct5 7o g4

&A% CHODAHE-10 70 mg (968%10” mole)?} TDEGDA 29
mg (959%10° mole)& 15 mLe} ZF5d ¥ &3 345 8o
vesicle €98 A8t} o] W AL8-g AHEAA(CHODAHE-10)
o} GEE(TDEGDA)S & ulE 1:18 &4 o] §94& £33
RS 7 S deAM 28 S2AA @S d4AAY s
A717] 9% FAE O3 2o] stk WA polyester filme 7t

THEE, A 9 A5 E, 198

2 A2 2 cmIA AL ZgoR 23 AF RER A A
ANy mgog Aehjo] £4g o= g o of §ofo] Jog
322 @A = FdE 4%¢ A sgd 28 odf ol
polyester film® Pol fluorocarbon©.® ©]FoJX 2HFluoro pore
Fp-010 : Sumnitomo Electric AHS 2} vesicle £8& F2AI7 F
of ¥Xd e dA wol @ F UA %k Vesicle S48 A=
= AF2oA 48A17F o AA7}F 8ol 7hA] oAl 7199 AR A
& AUz g3tAx AAsAh

AAREY RS 2437 4T A8E 7k2 5cm, AR 1
cm& 3] A Z

CHODAHE-5Y CHODAHE®| 7$-¢l% CHODAHE-109] 7<%
g e wgog Ba tF T2E AU of W AT A
244 (CHODAHE-5, CHODAHE)®| & 4% ®@#%3(TDEGDA)¢
E5E 3 2e E55 AHEsth

2.6. 38 48
QoA Y g A9 AL 7A solA 200 W mercury
lampE ol-4& 44X T FF wE-E AAEHA

2.7. O|AIIN FXE ZtE TEX 99 gy

ool A FAE nER oA o] wre] YA NAAZ AHEHA
A ARBAAESS e ol gste &8 U ABY A
Lo Y cast filmE ¥ YA A AR Fo} £ Fo A2
& gz 13 FE AR 7H Bt

2.8. AAtY FEE e 12X 92 FA
F A9 quartz & Abolo] TDEGDA & ¥ ¥ UVE o] &3
FastAch

2.9. O|Xt XE Zh= TEX} o] EM £Y

ARAEs A48 Hounsfield HHOOMS ol 48t =A39
o} AHe 5 mmx40 mme 272 BHEgon T oY F
ZE 2 a8A %o A4 30~40 pmolgley AxY FRE 7
= 28A %o A% 100~150 pmelith. A=} A3EE &
A7) Y5t Foldrls £E+ 5 mm/minol Atk

BEE ZA43] AsdE 49 AEE FA A23 A duF
9 slide glassol & AlHE &2 F 271& FAFHYL. oMAE
o olgt g AL glide glass Yol Y& A|Ho o}NEL d
omgln A $83 AEAZ Fo 27] dsE F389. o
AES Hoj=d Fo 3027 At Ud HYPo =289 A7]9

HO-CH,-CH: \ - ; CHs
N o
Cholesteryl-0-CO-CH: / * CHs

[{(Cholesteryloxy )carbonyl}methyl][2-hydroxyethylldimethylammo
nium chloride (CHODAHE)

HO-CHz-CH; \ . / CHs
N Br
Cholesteryl-O-CO~(CHps * * CHs

[5-{(Cholesteryloxy)carbonyl)pentyll[2-hydroxyethylldimethylamm
onium bromide (CHODAHE-5)



HO-CH;-CH: \ + ; CHs
N Br
Cholesteryl-0-CO-(CHyp) / \ CHs

{10-{(Cholesteryloxy)carbonyl }decyl)[2-hydroxyethylldimethylam
monium bromide (CHODAHE-10)

Cholesteryloxy- =

HoC=CH-CO-0-(CH:CHz-Oh4-CO-CH=CH.
Tetradeca(ethylene glycol) diacrylate (TDEGDA)

3. 21t & &

AREEAE £ & BAAA S et vesicle §4& 3
AN F, RS AZRAIE AUEHAE] A 3 & o]F0
Hdse] AE cast film{17)& $#4E & ot o F 2= 3
0% 72& 81 Jonz olgA xS0 #AHoR vjdE &
NEL Sl oAU AU F7He ATE B AFdME 24
2HEE 2t AUBAAE o839 cast filmE FAAZ 20 o
gte] Zt F9f Alol & oAU FH FUOE ALgste ge ub
o] FFol #9 gle L&A B AL T T FA
371 YA £ cast filmE 4477 doll 23 J3Ho] & wF
AE ABBAA L A Yol cast filmE FAANAT. o|ZA st

ARBAHAEER o]|FojA 23 391 F0 e E 3o dEAE
o] ZAg3tA =™ o GFAEEL UVE o|§std FEAIIE o]}
43 F2E 2 38R ‘”’°] HAd F&o] B Fo Aw
BAAES f7] SR FEHUA o)L AY F2E 2= Fe
vtekgo] B43] AAGE o] YAk B AN E AWan
A2 CHODAHE, CHODAHE-5, CHODAHE-10& #A4ste A}
43gon, dFA2Z = v)d 715 F A KT Yol Atm Aol
Vedte 3 A3 vl$ 2 TDEGDAE A&t 12z
gke dhuke] §AF AL Figure 191 YERAACH

E Age)A A cast ilmES film e 2xHE0) dedt
Azte] gwto g AHUHD g&oE BFsln £02 72y ¥y
3] AT FEE 23 gk FAE cast filme Wi &
A2 wde AHE X-ray diffractometerS o]£3te] AHu g
oy of$ #HAHYA B2 dF TRE dn IS ¢ & dAqh
I Z3E Figure 29 YehAgdth

Figure 29] 235 493 W CHODAHE-10& A£3& A9$7)

g F /KA AUgAAE A4S WEd ¥4 ¢ 2 uge B
A F 728 gAY ¢ + UAE X-ray diffractometers] 2
HZ2E Bragg law?l nd =2d sinBE o] &3t A= 154060 Aol=
2 cast filmi9) 7 39 14L& FHEY}. 2 237} Table 19
veht Sl

Figure 2¢} Table 19| A3}2ZRE cast film Wel Z 29 714 L
spacer2 A8 methylene 719 B4 o wel ¥EL ¢ 5 9
Ak F Bda&T7E 5N 24 we 4 2719 2FLe YF 3 A

=7t ZAHAt 23 FF A9 FF 39 74 2 Abolg 7149
Aole A ddem FHANE AY o7l ATt o] AR
FE cast filmile) ARGHAER o]FojA & Alolo] 9= G
A9 F5 vl cast filme #A wjdol} wig 1A 8 H3k
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Figure 1. Schematic illustration of template synthesis of a
multilayered two-dimensional polymer network.
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Figure 2. X-ray reflectivity scans of multilayer after polymeri-
zation.

1) CHODAHE + TDEGDA

2) CHODAHE-5 + TDEGDA

3) CHODAHE-10 + TDEGDA

Table 1. The Long Spacing of the Cast Film

long spacing (A®)
surfactant T .
before polymerization after polymerization
CHODAHE 380 378
CHODAHE-5 413 408
CHODAHE-10 49 43

Table 2. Mechanical Properties of Two- and Three-Dimensional
Polymers

polymer surfactant ten?]i(lz/ rsI:nezr;gth ultimate( ;j;mgation
CHODAHE 0.38 30
2D CHODAHE-5 052 47
CHODAHE-10 057 51
3D 0.18 12

£ 2994 B4E oA FEE 2= 1¥A FE AT A
Z 249 A7 Table 291 et 3lek. o 23
g AL T2 2= 2RAS MR dsted HRY T2
2E 2¥A 92 /T 242 FHE P Table 291 Uehigich
Table 2¢) Z2E 4oiW, APF= B$ ol 728 2

T 28 o] A F2E 2t TEA 29 v 2~348) A=
g Zen AREY AL oA F2E ZE nEA o] A

TAsE, A9 A A5 %, 1998

Table 3. Swelling Properties of Two- and Three- Dimensional
Polymers

swelling ratio in acetone (%)
polymer surfactant -
lateral perpendicular
CHODAHE 14 43
2D CHODAHE-5 15 61
CHODAHE-10 15 66
3D 13 13

A F2E Zve 28R o ulg 25~48 A= o Fot o] 2
B oAt F2E zZt: nEA e A9l LAY £ wE
of @y FaA widso gyl WEez AAd. oHE 4
L Ag gt 33 Fo dA AA Fo Ao Rl wsid
22 g wglel vksiy QA Fo| 29 ARAEE A

AHEE A A AREAAEY Feol dA4E 28 2 4
A7 =ot NAe-g vas] 2@ CHODAHE-10& AH&3l& 297t
7 5 AT} 43S Uehiith o2& CHODAHE-10
o] %7 e F A ARSHAE AHEPS g ¥4 9 F
Hdg 22 dF F25 YA37] gEolct. X-ray diffractometer
g ol g3 #3A4L 248 ¥ Axx CHODAHE-109 7Z$-7t 7}
2 & Mo Mg 24E Bo FU RS &A F 104
9] methylene”]7} spacer2 2484 E2HE7 Y wjdS T =

F= Aoz Bddrl. CHODAMAS #+EAEE 7HA 2 4837
& wo% o)} 2 ATt doJHAHITL

B g ZA4E oA F2E 2 nEx #E A1 of
AEo] g Bgo AEE Z43 A7) Table 30 et it
o] 272 AAY FZE & nEAY v@Ey] Hste] A4
TFZE 2 382 B8 /X1 488 235 84 Table 39 4
Bt B&9 =) wise o] <l W A Ly 53
§ouhgk REE 24390

Table 39 278 A9 RY A F2& ZE 124 49:
FyP Lok A% gk FEo Ax7 AY 2T olge
AE oz oY FRE e TEAY ALe 73T wake
BEe A=rt FYP $Pe] Bie A= HF 3~454 B
Fok 22 o3 JPS B Pao AxE oA F2E #
© 2EAY A4 4AY FRE R ¥R B AY 2
gtk o] A oY T2E FE TEAY A 57 F Al
2 4A o4 E EAE0l F o] WweE Azdd

ALE A 7] ABELAEY] Ao FHE 2w FEY o}
AEe g B&e] =S vuws] B9 =I G Ygo
F&ode AT Aojrt A Qe T} A3 oz f
#9 Az zol7t AEH CHODAHE-10S AHEHE A %7}
713 2 BE9 AEE YT o)A L AZAEY Aol A9
Ze] CHODAHE-109] 747 g2 F 71 ARE4AE AHE3
< et 84 o 2 ugdd £4 ¥ F2E A gt
Bt g 7AFOR vjdd oF T2 F S oMHEe 23 F A
ol2 © o] & o] & Ro|y] ot}

)

4.2 &

EY=HES e AUEAAY CHODAHE, CHODAHE-S,
CHODAHE-10& 343, o] AWEAAE d¥ASL 84 & &
AN 53 Ao vesicle §4& A T, o &4& Az
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of #Agel HHHez WdY 24 udF 72E 2= 4
stk of ol £ A& VFAEES UVE ol§std FHso
LEATL 23 3 Al g0l SlE B4 O 72E P
FHol B ¥ £7] $7E AHgdte ARBAAES FE3 olF
A4 F2& ZE $2 U 3oz ojF4 2¥A HE YA
e o137 348 oALHY T2E R A %o AR
ZAEE AALAA F28 2= 18R Brd 2~34 2A Yyt
ou], ot 4T BEo) AZE B3} £AT Y A, olF
93 72 e 1A o] HAYHA 72E R 1A

TR 3~454 © AA destth
# A

o] EE2 197HE REF AiARol GedF2dule XY
o] Ad7E AUk =3 A¥H Fe =& F4 Kyushu
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