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Fig. 1-1 Chemical structures of oleic acid-based gemini surfactants.
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Fig.1-2 (a) a-Gel structure and (b) network structure formed by a-gel domains.
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F A VR Y = I =R REEER OKBIRDEIZ RIS A o RBOE

2-1. ¥&S

SEIE AN TR EESCEHUK LD FEE OB VIS LY | WEYEEAE RN K& < £
Do LTeMo T, HIRICIE UTe il 72 00 FaR AT 24T 9 7o OITIE, WG HEAE B 0 BRAR S 022
RAIR T Do A A MR ETEMEANI A A4 FEIC K TREIER LT D, BlxIE, £
J Ay 7 BUREIEAIC BT, FT VR O eme 1% Lit > Nat > K+ > Cs*OJIAIZ
<722 128, LinL, BV UBBEICIB W TIEROMBIZ /25 Z ER3 51 THEY | eme
I1Z Cst>K*+>Nat>LitOJEICIKL 72 5 45, ZD XK 9 72 eme DZALiE, Hard and Soft Acids
and Bases (HSAB) HIIC X Vil 4 25 Z &N T& 5 6, HSABHIZHKA S &, CstD L H 72
A A LEERPKE LS EZDLDOERIX, DDV TH DA A LR MEERT 5, ©
F 0 BUKEMOBERKENIRLERREND T2, KREND THOTHRAGEREZERT
HTENTED, —FH, MWEETHDL IR F T, OB THY A F RO/
Lit & < AHEAERT 2720, Bl A A2 L3Rt 0Bz Rd, 20X 51, BkIEofk
FREEIZ Ko TRIA A U FDOREN R D 2 L IXERE,

U I =AIREIEHEANC BN T BRI A VR IR O S R RE T A
Al S TE 72, L, TDIFEE A SITENHRT =0 2RO b O 2/5Ext5 & LT
FY 00 5t A A U FEDEO A KEMRME RIF TR OV T OR R 2R BRI IA 14T
%, FUETEMEANI ARG U TRKEDRE AL FER R0 D, BT, KEKRDEE
EOFEECME) HHUKIC L > THix Th D, Lo T, fix eBlKIEICIB W TREA A
VOB RGT D Z L IFENOICEE R 72T Tl A LA VEER Y = I =RUSUEIE
PR OERMIZHIT TOARERD, T TARETIE, BRRDKA T2 /T D0 NVAR
HWRA VA VR Y = I SRR ETEVER 2RI L £ O S E A R LT, kA A RIS
X, MEMxHA A FE (Lit, Nat, K+, Cst) BLOEHxIA A0 (£/ =% ) —1T7 v
(MEAY), v=x=%/—A7 3y (DEAY), R~Ux%/—A7 Iy (TEAY)) ZHWV, =
B A A U FEOEW KR ZIZ TR OW T ORRI B 2 > S Lz,

2-2. EBRFGE
2-2-1. BRI
FREEMH] (anti-CC-9,9-EsH10) 13BE#R 1 12> TAM L7=, Z Z T, antirCC-9,9-
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EsH10 13 (RR) HEB LT (88 MOREWMTHD, antirCC-9,9-EsH10IZpH9 &7 %
£ 912 XOH (X =Lit, Nat, K+, Cs*) ZiRINL. anti-CC-9,9-EsH10-X KIgk % 57-, %
D, WAEEEREITO 2 & THRIRD anti-CC-9,9-EsH10-X #157-. F£7=. ant-CC-9,9-
EsH10-X (£/ =%/ —n7 I (MEAY) , V=% /—L7 v (DEAY) , =X/ —
T 22 (TEAY)) X, =% ) —/VH T antirCC-9,9-EsH10:X=1:2 (mol tk) TESEL
Too T A8 IFHEIR T CHIFF L. TORWBEH K95 Z & T, antirCC-9,9-EsH10-
X Db RS % Fig. 2-1 1277, XOH, XCl (X =Li*, Na*, K+, Cs*) , MEA, DEA, TEA /%
FOA bR TR AR A U7, 7, BRI OFHMIC 1T, Barnstead NANO
Pure DIamond UV system (Z L % ¥§##%, Millipore membrane filter (L% 0.22 pm) T
A LTeAKzZ2 W TIT o 72,

0 ,
C1DH21/0 OWJ\ :3/0(:0(:“2CH2C00H
OH
o “OCOCH,CH,COOH

A_ OCOCH,CH,COOH

o %
o B” YOCOCH,CH,COOH
0]

(A: CyoH,,OCOC,H,,, B: CgH,47)

Fig. 2-1 Chemical structures of anti-CC-9,9-EsH10.

2-2-2. IR RE

v — 4 —IZ anti-CC-9,9-EsH10 7% 1 mol/dm? & 725 X 9 [Z#EHiK 50 cm3 N2 7=, %+
Zitta by hEHAWTXOH (X=Lit, Nat, K+, Cs*) KIEREZNENdE F Lz, Tk
=0 pH % 4 7 A EMmAKFRREH <G HORIBA D-51 # H\WClllE L7, MIEX 25 C
fHIR T, W LR 61T 7,

2-2-3. BHORERIAIE

BIREEIZHT D antiCC-9,9-EsH10-X (X = Li+, Na*, K+, Cs*, MEA*, DEA+) D#iy3
i8R ) % HEh& i E /)5 K-100 (Kriiss) % v C Wilhelmy iEIC K W HIE Liz, 20 & &
25 CHEIR T, pH 9 IZHEE L TiTo 72, BREIC W Tl M 2 /i 2 5 72912 10 mmol/
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dm3 ® XCL I L7z, FHEEINT 10 £ Z &2 100 AL EHEIE L, EEERFEZE2Y 0.1 mN/m
AR E ol b &l & 72 LT,

2-2-4. LT e —THIE

FVRFED anti-CC-9,9-EsH10-X (X =MEA* DEA*) 5cm3{Z 1 mmol/dm3 'L > =% /
—VIRIR A 20 mm3 RN L, 24 REIR & 5 L7c, #0bEA~s MWL, 40k R RF-
5300 (Shimadzu) % F\CiEMEl%k 360 — 390 nm O CHIE L7z, ZD & &, bl
K1¥336nm & L, 25 CIHIE T, pHO IZFHE L TiT- 7=,

2-2-5. B)FOLHGEL (DLS) #IE

antirCC-9,9-EsH10-X (X=MEA*, DEA*") DOJiiR ) FEE %2 B — X EAL « B4R E
%518 Nicomp 380ZLS (IBC) MW THIE L7-, FmiEtEAIEA X 0.01 mmol/dm3 8 LY
1 mmol/dm3 & L, 25 CIHIE T, pH 9 IZFHEE L TIT- 7=,

2-2-6. HRERIMEZ AW HBRREFEMSE (FF-TEM) B

REHR I TR AN, IR T e T B T, WA LT VR EZE T = N
—NTHI ATy Z—Z N TEIW Lz, ZNCHSBIUEWAZZRESE, V7Y 257,
LU H 3B - BEE H-7650 (HNinNA 727/ ay—) CTEIE LT, FmiGtEAlR
1% 0.01 mmol/dm3 & L, pH 9 IZFH#E L TiTo 7,

2-2-7. /MAHHEFHGEL (SANS) HIE

AN PEBGEL (SANS) JEIR, RIBERFI#E# % (J-PARC) OWE - £mfl 7
FBhtisx (MLF) 1Z5%E S7- Kl (TAIKAN, BL15) (2 CiTo 7, SRR E T 1
wt% & L, WIECIZEK (Aldrich) &V e, o RIZ 0.8—-78 AL L, 25 C
THE N CiTote, Elo. BT AT 4 T 4 ZRHTIIBER 12714 2 BB T o T2,

2-2-8. FRETEMER] 7K 5 RHE
flix DR (wt%) CTHETEMEAI L KEZES L, 80 CT 1 REMINE L7z, D%, &l
Sy BER% H-28F (=274 >) %W T 3500 rpm T 1 KO0l 1T -7, 2 O#fEE 3
FERED IR LATVY, 256 CT 2 WMMEE Lz, MzEd, /ME X#EGEL (SAXS) HIER LU
W6/ e (POM) #E12 L Y 3Fffi L7=, SAXS #l& X, PW3830 (Anton Paar)
ERWTITo 72, BB LOEEIZZNEN 50mA, 40kV & L, HJHICIE CuKa #ft (FE
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0.154 nm) # M7z, POM #£21% IMT-2 (Olympus) #HW\TIT->7, TNENOHIE
I, 25 CHEIR T TITo7,

2-3. REREEBE
2-3-1. fRHEIRTR

antrCC-9,9-EsH10 (THKIEIC VR Uiz A3 5720 pH IZ X 0 BB B 2T 5,
L7235 T, pH ZARICHE D IEfiptEeP g 25 Z L IZEETH 5, 2 E T, anti-CC-
9,9-EsH10 /% 2 4% NaOH i1 (pH 9) TEHERICHEMET HZ &R bhoTnd 1, &
7z, pH 9 TIIMARGEETITLE Th 2 DIZxt L, pH 11 TIiZD— AT )V E DMK 3 fif A3 itk
T35 1, &2 TAMIZETIE, KisiEZz pH 9 I8 L TR BREmMIEOFME AT > Z & &
L7,

pH 9 (2317 2 & s A OfREEREZ B 522 & § 5721z, XOH (X = Li*, Na*, K+,
Cs*) Z# W\ C pKa i L7z, Table 2-1 (2 -HF0Y E51281F 5 pH (pKa) /-7, Table
2-1 L0, TRTORmEMEATIZER L pKafEEzr L, 2F0, pH 912175 VLR
VEEOFRBERIEIT T R T OREIEHAICB O CRRE TH D Z L 3bh o7,

Table 2-1 p K values of antr-CC-9,9-EsH10-X.

LiOH NaOH KOH CsOH

pKa 8.4 8.2 8.3 8.3

F7-. WREHWTS pH IZBUT D WK BORBEEZ B L=, —f#lE LT, antr
CC-9,9-EsH10-Na Of5 R4~ (Fig. 2-2),

[COOH] = [C00~]+ [H*] (2-1)

[CO0~]

[COOH] (2-2)

pH = pK, + logio
Fig.2-2 X V. pH9 2BV THK 85% DI LR U EENEEEL TWDH Z L RNboT-, LIED
HIEIE. K 85%D VARV EFEEEL T Db DL LTEREIToT,
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Fig. 2-2 Dissociation degree of anti-CC-9,9-EsH10-Na as a function of pH.

2-3-2. [IBRFE~DREZEE) L 5 FEEEHERL

Fig.2-3 |24 %2351 5 antrCC-9,9-EsH10-X (X = Li*, Na*, K*, Cs*) O§0#E R
Namd, TXTOREEEFIKERIZEBO T, FmiEtERIoORE (o #EINCfEVWRimiE
71 (p) DEF L, DHRELLETELRoT-, ZOL ZXOREZEHEN I BLVREE (cme)
LTz, Fo, RmBERE (lind) BLORIEREIZEIT 55T HAEE (Ame) ZLLT

DORZEHNTHEH L,
I = ! ( 24 ) 2—3
cme = 2.303nRT \dlogc ( )
1
= (2-4)

Aeme = 3 T -
T T, TIFRERHEEE, NalZ7 AW FaiE, RIIAFREHTH S, £72. 10 mmol/dm?
O XCL BB THHZEA2EBL, WSO (n) 13 1 & LCEHE LA, BHERY

Table2-2 |Z/R,
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50 50
= (a) = (b)
E £
= 45 = 45
E £
c40 r c40 }
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£30 £30 t <
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7] 7}
25 1 RN 1 L1 1 25 1 Ll 1 Laaaal L1
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5
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Fig. 2-3 Static surface tensions of (a) antr-CC-9,9-EsH10-Li, (b) anti-CC-9,9-EsH10-Na,
(c) ant-CC-9,9-EsH10-K, and (d) antr-CC-9,9-EsH10-Cs aqueous solutions as a
function of their concentrations. These measurements were performed at pH 9 in the
presence of 10 mmol/dm3 XCl. The antr-CC-9,9-EsH10-Na data were referred from

reference 11.
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Table 2-2. Surface properties of antr-CC-9,9-EsH10-X calculated from the static surface

tension measurements.
b)

cmc ycmc T'eme Acme

(umol dm3®)  (mN m™) (umol m?) (nm?)

anti-Li 3.2 29 3.0 0.56
anti-Na 3.7 31 2.6 0.63
anti-K 4.2 32 2.6 0.64
anti-Cs 6.8 32 2.3 0.73

a) From reference 11

b) Surface tension measured at cmc

Table 2-2 LV A AL FEEOEMIEE eme R Aeme DR E K 2oz, ZHUE, HAKEE
WCHNRF G HF 7 A v 7 R EIEIEH] 5 6 L O—8 BRI miE v 4 &
Ak CH D, FIRO X DIZ, A F L BROKRE ekt A FUNZED VAT VH L O A
TERD 55 <, BKEMOBENENRE L D (HSABHD, ZHUCky ., IBABEPLK
RREA~DE RNy X TREINZEBEZ BN,

W, AR A A F (MEAY, DEA*, TEA*) OZhRIZOW TS RIBRICHRFT L7, AR
FEFEIRIZ 3\ T, MEA #536 OV DEA SIFEN T2 R LTy, TEABIIAE Th -
T=o MOFETEMEANIC BN THRBRZERDPHER S TR Y . TEA [T AMEMRN 2D D
VIR RN S NN 2 LITERT S EE X B D 1516, DIEOERRIT, Witz
7~ L7z MEA #5355 L OV DEA HEiC >\ TRt L=,

Fig. 2-4 {2 MEA i3 L O' DEA RO F#IERE R DHEIER O L st 7 e — 7 lIlED
FEFR 2R, BB Z &I, Ao A4 IR E R ) 03 v IMEZ R Lz, s
DWTCEHICHRFT T 2 7o®lc, L rdk v —7 lEETo7z, L UdhiEd 5L 5o
DESCE RV, ZD OB hIFEAOBRMEREE N K& WIE ST 225, BIZEHOMRME
BRETIMRAT L7220 17, 2072 FEIEHEAIN G FREEGEREZTER LI 5 L. B L idsn+
EAEROBUKIBIZ b SN D720 MBI T 5 17, L7eh> T, FUmEiEPEARE
LT ABZERET S Z L CREERIHRIRE (cac) Z b 5 Z &N TE 2, Fig.2-4 LV,
DIE 3 MEZ R LTCIRE X0 SIRIRENGIR T LG, £ D% —iE L 72 -7 (Region ),
DFED | MUMEEZ R LIZIRE LD BIRRENO S FEAREEKT 2 Z L ahi, S

27



DICIRENEINT 5 & v IMEIZIBIT DIREICB W THO A/ B 23D Lis) (Region ITI) |
BO—E L7z (RegionIV), Zhi, BT 20 EARORE (BUKEOBRED) 2321k
LL7eleh B bbb, LIchi> T, At A o fa A2 & ST oI
WS FEEROREENET 2 Z ENFREINT, ZD7d, KREROFHE cact
L, mREMOEESE cace & LTz,

55 Region | Region Il Region Il Region IV 20
= @ {19
Esof ® 0@ 8
E ® (0)) i 1'7
E45 | ° 00 :
- ¢ @] | 1 1.6
% 40 + ® 115 =2
c o © 114~
S5t e © 13
] _J Geeet™ 1"
a cac,, cac, 1 11
25 e IR
0.001 0.01 0.1 1
Concentration (mmol dm-3)
55 Region | Region Il Region Il Region IV 20
= | {19
€50 [ 00 90 |
E 45 | © 0,00 117
- 9 O .41 16
D40 | ° o [ 115 =
c o 114~
[ ° :
g 3 T ® o400 113
R 00 O {12
3 cac, cac, 1 11
? 25 bt il
0.001 0.01 0.1 1

Concentration (mmol dm-)

Fig. 2-4 Static surface tension and pyrene fluorescence /i/f; data of (a) antrCC-9,9-
EsH10-MEA and (b) anti-CC-9,9-EsH10-DEA aqueous solutions as a function of their

concentrations. These measurements were performed at pH 9.
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FIREIZB VTR T 20 FHRBROR FE AT 2729012, BIFEEEL (DLS) HIE
F KOG EIBrE 2 7o s 3R (FF-TEM) #1%3417 -7 (Fig. 2-5), Sli&
PEAIREE X 0.01 mmol/dm3 (Region II) X8 1 mmol/dm3 (RegionIV) & L7z, &H5
DR EEEANZIB TS, 0.01 mmol/dm3 Tid 10 nm 3 X V¥ 100 nm F2 D7y FEE GRS
WFT 5 Enbhrolz, 7o, FF-TEM #1%2)°5 100 nm FBE OS5 FEGIKITEKIE TH
52 eSSz, —J, 1 mmol/dm3 ® & F (%, 100 nm FEE D/ FEAEKITMR S
F. 10 nm FREO/NES R FEGRPEERISER SN D Z LR bhrole, U EORRE )
O, ARt AU ME WD L cact ITBWTRE R THEAEREER L, cacz 2B\ T/
SR THEAEAET D Z LR S,

1.2 3
o [@ el RO

1 F ,
: i
008 | "
> i
_g 0.6 r ')\"’“\ll‘ Ill'
Bo4 b |
@202 f | i /\

0 l'. |||||I PR Y R AR E T

1 10 100 1000
Size (nm)
1 2 ( ) antl-DEA 0.01 mmol dm*

Q C ====- antl-DEA 1 mmol dm*
E 11 :
3 i
008 r i
006 i
2 i
§o4r i
@02 b ||

0 |‘ .'....‘5 11l IR IR RT] Py EEETY

1 10, 100 1000
Size (nm)

Fig. 2-5 DLS results and FF-TEM images of (a) and (c¢) antr-CC-9,9-EsH10-MEA and
(b) and (d) anti-CC-9,9-EsH10-DEA aqueous solutions, respectively. The FF-TEM
observation was performed at 1 mmol/dm3. These measurements were performed at pH

9.
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Sakai & 1819 {%, §5EAMED K mEIETEANZ BV THRImE A ORI LN 7 L)y
HIBMIEEET L2 LEME L TWD, £ 2 TREWR 1819 BB |2 SmiSrEAl O R LR
IZPE D T HEEHREEDZUIC DN TELE LT (Fig. 2-6), F9MEMEO R miGTEAIL, ik
BLOFEEMEFERICBWTT vy Y =T %2R T 5 2022, ZZTC, 7¥y KV—7¢
%, 71 R AL L7 SR & 7 e b Ak L7 R mETETERI OB SR Th 5, Region I 12
BT, B/ ~v—¢7 vy RY—TF—EOEETHET D ENTHEIND, 2D L X,
Ty RY—=TFE ) ~v— L il U CBUKMEN B 20, BRI REICRET D B
b, RegionIliZ7eb &, 7oy RY =TI THREKRZE LIBD, 7Ty KY—7

DFEGIEREN ARSI T D (cac), F72T7 vy RY—7%, £/ ~v—% b LT

DFEREERETET DT FEPRELS Rz B2 N5, FmiEMHER OB NI
VN, B/ —REIIE ) v — T vy RY—T OV > T—EDOHIE TH 2 T\
&, Region I (2725 &® /) ~— b FEAKREZER LD D (cacs), ZDEE, £ D
TR IBAVBRICHE SND 2D, Ty RY—FL® /) ~v—/OFENRT 7 N
Do EDID, FHOREIENN EH LB oD, S OIZHEIEMER O HENT 5
L KBRINE ) v — &R D72 OFIREREIET—E L 7D (RegionIV), BLEXD, Z
£ 0 ey e KRR TEARITT >y R =T ORRICER T2 D LB X Hiv, 5Bk
RETEMAREAEOFE THDH L F 2D,

Surfactant concentration

>
Region | Region Il Region Ill, IV
Monomer = Acid soap Monomer = Acid soap Monomer +—= Acid soap

I ! I

Self-aggregation 1 | Self-aggregation2 Self-aggregation 1

cac, cac,

Fig. 2-6 Schematic image of the equilibrium as a function of surfactant concentration.

RN T A—=ZIZHOWNWTH EERICHET L7z (Table. 2-3), = DfEH. AixrA 4 fA 2%
(LEETH cace ICEITR OGN0 o72, LU, cact ICHERENER S, DEA #HiX
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MEA i & H#e U C caci /&< 72 o7z, ZAUL . DEA*D MEA+ L 0 & BUKPED @28
B BAER D X 0 s8EICEN 2T 2 HivD 1623, F 7z cac IZHBIT D Ttace B I Y
Acacz 7 t#$% & . DEA i3 MEA i & HlE U T Trace 23/ E <L Aeace DR E S T2 o 72,
Gao B 24 (%, AREEOTIERE~D/S v %0 71T% LT, AR A A FEOBUKIE & KFn
ERPEERRF THL I L ERELTWND, BUKMEREWIE EBKMERAERIC LY &
Ny XU TIMEES D, o, KFPERBRE WVIEERBEEFIZL D BNy T 7R
PRESND, DF Y A A A RITBOKMEME S . KFPERBRKEWIEE Ao DR E
<72%, DEA*Z MEA*+ & Hhle U CBKMED @ < AKFREBEAVIN S W, L7223 -> T, DEA M
MR ETR Acacz 2R LTzDIE, BUKPEL Y S AKFREROPRNR LV EEL T D EEZ BN
Do

PLbED X5z, KRR HE SO T D3 % 2 TIIAERERH A A4 T OB & KRR
NTUATIREEND Z ENREE T, F2, MEA+E DEA+CIIKFIEE (SLiRREE)
DENRP LY B TH D Z Lot —J7 BT A A R TIEA A PN EER
K+ T DT LARME STz, ThUE, SRR A A AR A A U & Bl U CRFn:
BN E L IEEFEODRNENIIERES RNTEDEEZLND,

Table 2-3. Surface properties of CC-9,9-EsH10-X (X = MEA* and DEAY) estimated by

the static surface tension and pyrene fluorescence /i//3 measurements.

a)

cac: cacy P cac a2 caco
(umol dm?®)  (umoldm?3) (MNm?)  (umol m?) (nm?)

anti-MEA 6.3 25 33 3.1 0.53
anti-DEA 4.0 25 33 2.8 0.60

a) The minimum surface tension is determined as ycac.

2-3-3. I EMEER K UUKFTIRE

U UNEE D X 5 72 W E O AKFUIRREIT 0 FEA G (AE) 7200 T2 < Ml
DOHEBEIC B ET L2 ERMoNTWD 2527, L7eino> T, SFEiEMHEAOKFREEN I &
IWEIEIZ T TR LT 5 Z LITEETH DL, £ 2T, /a1l (SANS) HlE
ZAT>72o SANS HIEIX, I B AMECHImIEEA OKFIREL T CE 2 FIETH D 12-
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U, ZRETIZ, BRKRIBADLSOHIR I B A~DEEBICEEO R ETEA 145+ 7= DK
FENEDT 5 Z ENH SN TN D 1, REFFETIR, T 2 B 2T DT DB A 4
A HWTHEE1T o7z, T & &, FmEEEAREIL 1 wt% & L, BEIIEEKRE
7=, Fig. 2-71Z antrCC-9,9-EsH10-X (X =Li*, Na+, K¥, Cs*) ® SANS 7’11 7 7 A L &)
T, BALENRZ MV ¢=0.04 AfPEICT B— Rt —s G607, Zhid, Ao
FERDICHKT D EEZDLND Y, F£72, ¢ =0.04 AFHTIZENTA AL BROBIMC
PEOVBGELIREE (MK T L7z, I@IFRATHRE S LD 14,

I(q) = NMnicelle (pmicelle - pwater)ZVmicelleZP(Q)S(Q) (2 - 5)

Z 2Ty Nmicelle [FHALEFEL 720 O I B (A9)| pmicete 1T I BV OBEEEE (A2),
Pwater [TKDEEEBIE (A2) . Viicetle 15X BILOMERE (A3), P(@IITRIRRF. S(g)iTtkE
KFThHsH, 2FEOD, AT EEOHEKRITHEND, ZVH/NT A= BT 5H 2 &R S
iz, 22T, IE/MMBEICOWT IV EEMICHRETT 272OICET VT 4 v T 4 v it &
Tole. ZOER, TRTOREIGEHEANIZIB T SANS 717 7 A A3 5K (Prolate
spheroids) €7 /L 28 L K< —# L7z, 2F V., IBAORRITRA A FICIT E A KT
L7RNWZ EDRIBE ST,
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Fig. 2-7 SANS profiles of (a) anti-CC-9,9-EsH10-Li, (b) anti-CC-9,9-EsH10-Na, (c) anti-
CC-9,9-EsH10-K, and (d) ant-CC-9,9-EsH10-Cs in D20. The solid curves are the fitting

results. The surfactant concentrations were kept constant at 1 wt%.

Fig.2-8 5 L W' Table 2-4 \ZET VT o« v T 1 ¥ TIREHTIN DG B ALz Kbl (Ra) | Bl (R |
Pmicelle 73T, TRTOREIEHEANCIBNT R (25 A) BLOR (15 A) FFRBRETH
572, antirCC-9,9-EsH10-X ®4FE13# 23 A (PerkinElmer ChemDraw (= X ¥V & H)
ThO, B LHELTRE, DED ., antrCC-9,9-EsH10-X [ZBKSHN AV MATEI &
NWETERT D Z ENRBE iz, £z, A4 42 PROEIMZHED pmicle D RKE L RoT2, &
AU, KA A FEIZ L > TI B AFOKFKRENLET 22 ENERDO—DE LTERDL
D 1,
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Fig. 2-8 Ra and Ab values determined from the SANS fitting for 1 wt% anti-CC-9,9-

EsH10-X in D20 and a schematic image of the prolate spheroid micelle.

Table 2-4. Parameters used for calculating the nwater, Nagg, and Nyater values.

Pmicelle Vsurfactant Dsurfactant Vwater Pwater

(A7) (A9 (A) (AY) (A)
anti-Li 8.61x107 9.76x102 6.53x10* 30.3 1.92x10*
anti-Na 1.20x10°® 1.02x10° 6.53x10* 30.3 1.92x10*
anti-K 1.24x10°® 1.07x10° 6.53x10* 30.3 1.92x10*
anti-Cs 1.81x10® 1.34x10° 6.53x10* 30.3 1.92x10*

T2, BEH 1 A BB U OATIRIEORIT 21T > T2, REEIEA 1 554720 0

K (nwater) . ZEEL (MNage) . BRI BAHFOKFIEL (Noater) LA FOXAE HWTH

HL7=,

Pmicelle =

Z bsurfactant + Nyater Z bwater

Vsurfactant + NwaterVwater
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Vmicelle (2 _ 7)

Nogg =
agg
Vsurfactant T Nwater Vwater

Nyater = nwaterNagg (2 - 8)

ZZ T, bIFHELE, vIZO TR, VIEIBLVOBETH D, £, bsutactant (F I HETE
PERI DB FEDR K CIREE L TV D ERE L CTRIED o 72 CRETEMERI O 5K &5k A
FUREEROWTHEMT) ., S 5IT. veurfactant (TS ETEPERIKIAIR O FERE ORE RO HE M L
72 Fig. 2-9 [Z& FHETEMERID Nagg 33 £ O Muater 73T, XA AL FEDBENZ LY Nagg B
F O Nater lFBIFNIZZE L L, A A L BROHEINFEN Nage 138 L7z, HSAB AJIZEE-S<
AT ERDRE A AN EBUKIEM O ERFEIIRE < 8D, BUKEMOFEK
FIZKVGFDNRy X THRHIZIRD | Nage D/ NEL ol &FE 2 BID,

Wilz A 4> (soft base) 1FA AL RD/NS7extA A FE (hard acid) & O AEAEHN
B2 BUKERIOFENENREL 2D, LER>T, RTVARRY FULINT &
IVEREET R U O N E B LT Nagg /NS 7% 29, o, A= —ROFNWY = I =M
FHEIEMERNT A= —ROHWY = I =R EiEMEA] & il U T Nagg 3/ NS <70 % 12,
ANR—=P—BNEL 0D EBUKIE L M A A U ROFEL DN <720 . BUOKER OFE
MHEPREL 2D THD, LLEIY | BUKER OFERIEIL Nage ICREL BT &
EZobhb,

BLIRIZRNZ 1T, Nagg DI Naater 1FHIIN L 72 (Fig. 2-9b), Z3ud, XA A4 HE
2 X DR E, B X ORIETEIERI DS 20 ZHRICERT 5 L B2 b5, A AL RN
REWIEESA A > ORREITRD T 5 30, DE D | A A L FEOHEINFEOHIAD LA %)
FANMBE . Noater PREL BT BRZOND, EHIT, A A RO LS ETE
PERND N 2 TNBRICR D Z 8 T, S BAEB TOKMMEESNTZZ & HERD—D
ELTEABND,
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Fig. 2-9 (a) Nagz and (b) Nyater values obtained from the SANS fit for 1 wt% anti-CC-9,9-

2-3-4. FHZEHE)

EsH10-X in D20.
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7 A7k (Lo AH: SAXS JIEIZH T ¢=1:12:3 DMV IR L E—7 235 51, POM #l
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Fig. 2-10 SAXS patterns and POM images obtained for (a) antr-CC-9,9-EsH10-Li, (b)
antrrCC-9,9-EsH10-Na, (¢) anti-CC-9,9-EsH10-K, (d) ant-CC-9,9-EsH10-Cs, (e) antr
CC-9,9-EsH10-MEA, and () anti-CC-9,9-EsH10-DEA at various surfactant

concentrations.

LLEDOFERD B 25CIZI T D FmEIEMEA, K iy R 2 1ER L7z, #5R % Fig. 2-
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) ZR L, £, I 4B TUIA A PREPKRE L 72513 E Hi lRTE
ST WD e oTo, A3 ERORE A A AT VRF U EE O AEH
DS W BUKIERI OB L0 #iR /NS ey THRG RO AEFE S - &
%z 65 (HSABHI),
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Fig. 2-11 Phase diagrams of antrCC-9,9-EsH10-X (X = Li*, Na+, K+, Cs*, MEA* and

DEA*) with water as a function of surfactant concentration.
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Fig.2-12 The lattice parameter a of anti-CC-9,9-EsH10-X (X = Li+, Na+, K+, Cs*, MEA+

and DEA*) in the Hi phase as a function of surfactant concentration.
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Fig. 2-13 Relationship between self-aggregation structure and hydration behavior.
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anti-CC-9,9-EsH10-Na syn-CC-9,9-EsH10-Na

Fig. 3-1 Synthesis of antr/syn-CC-9,9-EsH10-Na.

3-2. ERFIE
3-2-1. RFEK

anti-CC-9,9-EsH10-Na 1% 2-2-1 [ZF2&k L 7= L THEZ, £72 syn-CC-9,9-EsH10-Na &
BRUCIE LFORIEEL Wz LA VBT 2L (R ER) . A XV ALKR T IR ()
HAbAL) . AD-mix-B (Aldrich), K= 78 GOUEE) ., 4-VAFALT I/ )V (O
FALEK) . Y =FAT I (FMER) | tert- 7 F AT v a— (FekiZE) . ~r=> (Fn
FEMER) . ~F s (FHiZs) . 7 b=k U Fbiigk), =%/ — (Rehtiss) | i
fer L (FOGHES) . dERREeT Y oo (FOGHES) . KE(ED U DL (FOeHis) | il
< 7% A FEHER) . AKERbT U v A GERUYERR) . HEE Foestiss), £72. 2-2-1
\ZREEE L 72 IR ORI U 7oK & O TR RIS ORI 21T - T2,

3-2-2. &Rk
3-2-2-1. syn-9,10-dihydroxyoctadecanoic acid decyl ester D &h%

TITAINZAX L ANKRT IR (120, 12.6 mmol) ., AD-mix-B (16.4g). tert7F /v
Ta—L (60cm3), #EMAK (80cm3) ANz TEHIET 4 R LZ, £O%, LA
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—1.83(m, 2H, 2CH(OA)), 2.30 (t, J= 6.3 Hz, 2H, C H:=COOCHy), 3.61 (br. S, 2H, 2C H(OH)),
and 4.07 (t, J=6.7 Hz, 2H, CH2COOC H>) ppm

3-2-2-2. syn-CC-9,9-EsH10-Na D&k

syn9,10-dihydroxyoctadecanoic acid decyl ester (2.76 g, 3.00 mmol) . MK =/~7 R

(3.04 g, 15,0 mmol), FUZF /LTI (3.04¢g 15.0 mmol), 4-VAFNLT I /YT
> (72.0 mg, 0.0300 mmol) % /L= (160 cm3) (CIAfESHE, 80 ‘CT 24 WyfEl#HE#E L
Too WIT, RONKRZ EIRE THum L, Al 2 |, B8R T 1 RS Lc, ZhEmiiE~
TRV LT LT, A, BLXOZ AR L —F =X OB EZIT o7, £ Dk,
T = h)VTHEREITD 2 ETHARBRKRZNATZ, A LE synCC-9,9-EsH10 Off
HEREF, TH-NMR #iliE (JEOL, ECP500), 13C-NMR #llz£ (JEOL, ECP500), FT-IR
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min) IZXVAITo72, IRBHEEZLL NIRRT, £72. symrCC-9,9-EsH10-Na (% 2-2-1 125
#, L2 HIE TR,

TH-NMR (500 MHz, CDCls): 6= 0.88 (t, J = 6.4 Hz, 6H, 2CH3), 1.05 — 1.72 (m, 42H,
21CHz), 230 (, J = 7.6 Hz, 2H, CH:COOCHz), 2.45 — 2.84 (m, 8H,
2CH(OCOC H:C H:COOH) ), 4.06 (t, /= 6.9 Hz, 2H, CH2COOC H>), and 4.90 — 5.13 (m,
2H, 2C HIOCOCH2CH2COOH)) ppm

13C-NMR (125 MHz CDCls): §=14.2 (CHs), 22.7, 25.0, 25.6, 26.0, 28.7, 28.9, 29.0, 29.1,
29.2, 29.3, 29.4, 29.5, 29.6, 31.9, 344 (CH2), 64.6 (CH2COOCH2), 74.6
(CH(OCO)CH2CH2COOH), 171.8 (CH(O CO)CH2CH2COOH), 174.2 (CH2O0OCH3), and

50



178.4 (COOH) ppm
FT-IR (KBr): 3019 (O-H st), 1716, and 1734 (C=0 st) cm™!
ESI-MS: [M-H]" 655.4 (calcd. 655.4)
Elemental analysis: C 66.07 (calcd. 65.82), H 9.48 (calcd. 9.82)
Melting point: 82.0 C

3-2-3 FEAE MR,/ 7K sy R
2-2-8 L [FERITAT 72,

3-2-4. HHIRERIBIE
2-2-3 & [FIERIZAT o T2,

3-2-5. 71 F UEEHEKILES I ('H-NMR) #HIE
1%t NMR ((H-NMR) 3 X102 %7t NMR (COSY, NOESY) #IZEIZ XY . anti/sym
CC-9,9-EsH10-Na 8B % X BV OREMNT 21T > 7=, &HEIL. NMR #& ECP500
(JEOL) &\ THT o 7o, SmETEVERIRE X 10 wt% & L, 25 ‘CHEIR FCllE Lz, £z,
NOESY HIEIZHB W TIRER#IL 0.5 & L7z,

3-2-6. SANS HIE
2-2-7 L [RAIERIZAT - T2,

33 KRERLEBZE
3-3-1. SRR

3-2-2 |ZRL#H L 7 SRR R B R FIEIC K D | syn O F LA VR Y = I =B TS
PEFI 2GR LTz, sym9,10-dihydroxyoctadecanoic acid decyl ester @ 1H-NMR DO#EH, &
Refx o idskora b (1.83 ppm) BELORFRFICHES L7 2 h (3.61 ppm)
DALY 7 MiE, e T 5 ant T & B 2 4H (1.97 — 2.00, 3.40 ppm) BA/RLIZ, S5
2, syn’ (82.0 °C) (X anti™! (77.6 C) B LV bEWRlRAZ R LTz, UL EDORERLY
INSOREEEANTIEWVIC YT AT LA~—ORRICH D Z ERRB STz, 2T,
antrCC-9,9-EsH10-Na |3 (R,R) MBIV (8.9 MOIEAWTHY . syn-CC-9,9-EsH10-
Naix (RS MBIV (SR) BDOREMTHD LEZZ b5, VEOWEILX, T 6K
BMAROIRE W & N F BTV,
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3-3-2. tHEH)

2-3-1 & [FBRIC, & RIS HEAIRE ISRV OB 2 0 THEA RS % SAXS JlEs L O
POM BZIZ L Rt L7z, symCC-9,9-EsH10-Na OfCEAAMALIC I 5 SAXS HIEH;
FB L O POM %% Fig. 3-2 127,

vt
n 40 wt% 75 wt%
c 75 wt%
(44}
it
£
40 wt%
] | ]
1 2 3 4 5
q (nm™)

Fig. 3-2 SAXS patterns and POM images obtained for syn-CC-9,9-EsH10-Na.

Fig.3-2 £V, 25 CIlZHF 5 syn-CC-9,9-EsH10-Na, /7K "/ 2K & 1B L 7=, f55R
% Fig. 3-3 12" ¢, E/2bb#k s LT, anti-CC-9,9-EsH10-Na,/ 7k — 520K & O TR
T FETEMER OBREHEIMICAED LA, Hifl, Lo Uiz, ZAUE, SLIRREIE OE
WX BT REERME THo72, L, synBld anti B L i U CIRIBE /NS T LafH %
BT D Z & birotz,
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anti-CC-9,9-EsH10-Na/Water

Vo I TV

0 35 58 75 80
syn-CC-9,9-EsH10-Na/Water Solid present

I I I

0 35 48 70 7780

Surfactant concentration (wt%)

Fig. 3-3 Phase diagrams of anti-/syn-CC-9,9-EsH10-Na with water as a function of

surfactant concentration.

ZHUE, ARG OBV LV BUKE O A EEA R D 2 LICERTL EEABND,
anti FIBUKMEARAERIC X 0 5 FHO Z>DOBUKEEN TS L X, TR ZODH K
HITEEN D a7 A—varv kb, LEEBR-> T, BRSO SAEBENLEHREL 2D
LEzZ6N5 (Fig.3-4), — 5 syn X, fodD a7 4 A—v a Vb E RS, T72bb,
BOKMAR EAERIC L0 3 FNO ZSOBKENIT S L& 5 FRO_20BKE G
avrxri—varkbkd, TOH, syn BUITE KO SHHEBEN/NE 720 | HKES
Wy X TEINDEBEZDIND,

anti form

Fig. 3-4 Favorable conformations of antr-/syn-CC-9,9-EsH10-Na.
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Iz, (2-9) K& W TERETEERREIZB T HA~F T TR O 13T XA —4 (a)

(U X —oHDEERE) ZEH L7z, Z0R. syn BT anti R L HESL T a 3/ S
<7po7z (Fig. 3-5), syn T anti & g U CTRUKEDAEIZ Ny 735 L PRI
Do ZAUTED  LVEZLORA AL ESIEMTDHZETY Y U F—MOBENIEZ R L
<EMLIEEEZOND,

PY ® anti-Na
6.2 ® syn-Na

5.2 ' :
30 40 50 60

Surfactant concentration (wt%)

Fig. 3-5 The lattice parameter a of anti-/syn-CC-9,9-EsH10-Na in the Hi phase as a

function of surfactant concentration.

3-3-3. RIS E~ DB EEEE)

BUKERD /Xy F 0 712 OWT XY FEMICIRGETT 2 72DI, FZmE R DIEIC L0 KK
U ~DW 35 288) 2 35l L 7=, HIEIX. pHY, 10 mmol/dm3 NaCl il Tf7 - 7=, Fig. 3-
6 ICE R EIEMEANEE BT 5 antirlsyn-CC-9,9-EsH10-Na O#IFE M R /] & 53, syn
1T anti W & FRRICIVR 22 kimaRk ) () — IREZ7 vy b (o 2Rl (2-3) BRO (2
4) A DREBRIRE (Lome) B X OKIRFEICIIT 20 FHA T (Amd) ZFEH LT,
ZoEE, WERORK (n) 11 & LUTERELE, BH#ER% Table 3-1 12777,
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Fig. 3-6 Static surface tension of antr/syn-CC-9,9-EsH10-Na aqueous solutions as a
function of surfactant concentration. These measurements were performed at pH 9 in

the presence of 10 mmol/dm3 NaCl.

Table 3-1. Surface properties of antr-/syn-CC-9,9-EsH10-Na calculated from the static

surface tension data.

cmc Penc P Teme Acme

(umol dm3®)  (mN m™) (umol m?) (nm?)

anti-Na * 3.7 31 2.6 0.63
syn-Na 35 30 3.1 0.54

a) From reference 15

b) Surface tension measured at cmc

Fig. 3-6 33 X O Table 3-1 LY. syn D cme <X° yeme (F anti O 2N 5 &l UM%
RUTe, DEY | D FEAGEIERRBEIIAHE KT LW LAVRR Sz, UL, 3
BAEIEDENZ LY Aeme IS B/ ZEDHER S AL, syn TUE anti B & o LT Aeme 23/ S <
H T broT,
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REEHERIA B FINCTERT 5 4 TR A T, BRRFHL ST A —4 (CPP) 2k v @t
P45 2 LA TE B 1618, CPP [ZKa TR S5 1619,

CPP = d 3—-1

22T, vIZBUKEOBREE, a ZBUKE OB, JITBUKEE TH D, —kaviz, CPP 2

BN 2138, FUmiEEANT RO/ S 0 FRAIRZ TR 5 1618, EpyFR R I E

DOFEFRLEV ., syn T anti IV & a /ML edeBEZEx b, LIER->T, syn T

anti & HELL T CPP 3R &E <7D, TORE, KREN L TH#iRO/NS o FHEEK
(La#H) OFERMEES Tz LB DD,

3-3-4. I BIVEER L UKFRR

ERD XS, SEEEEDBENIS FRAEROEEICRESHET L, £TI T 1 Rt
NMR 5 £ 02 %ot NMR HIEIC L 0 B S OMRIT 21T - 7=, FmiEMEA OREIL 10
wt% & U, I EAKRE Ve, 2oL & RmEiEtERKERITEEEH CH Y | HED
BN NG, BRI BLEZBRLTND EEZDILD,

FT.ENENDOT v b EFERICEE S 572 1H-1H COSY (Correlation spectroscopy)
WIE%1T>7-, TH-H COSY MEIZHWVICAE Yy — A UFES LTWA T kR a8
W42 FETH S 20, Fig. 3-7 (2 anti-lsyn-CC-9,9-EsH10-Na @ 1H-1H COSY A7 KL
9, Fig. 3-7 £ V. bi-g, be-c, be-f, bi’-c’, bi-f’, bi’-g’, b1’-bs’, bo'’-¢’, b2’-{’, bo’-g’, b2’-bs’®
HHEPHEER SN, 2F D, INLIFENENHEE L TWD Z ERnbhroT,
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Fig. 3-7 1H-1H COSY spectra of (a) antr-CC-9,9-EsH10-Na, (b) syn-CC-9,9-EsH10-Na at
10 wt% in D20.

Fig. 3-8 |2 anti-/syn-CC-9,9-EsH10-Na ® 1H-NMR A7 kL ZR"d, MREEIC L S
jﬁ Ha. (Ha’), H. (Hc’), Ha (Hd’), He. (He’), Hs (Hf’), Hg (Hg’)O)'ﬂﬁ'_%L"‘/7 }\ @Cj(% f@%@iﬁ Bj’biﬁ
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Mmoiz, LrL, He(Hy), Hor (Hor), Hoe (Hoe), Hoe D122 7 MFNLIARERE 24K L CAA L
L7ce ZROIEFBUKSICHKRT 72 h o ThodH, LIeh > T, EFREEDEWIZE Y I &
IVBUKS DEREEN AT D T LRI STz, BBRERVLZ L1, syn LD Hyr DAL F: v 7 b
IR T 5 antr B & g U TR > 7 R 45 2 &3 h o7, Bhadani & 20%, Bk
WCHEFERZ AT 2 FEEEAICI N T, BUKBRA v 2 —my 7 LTI BV 2 AT 5 2
EERHLTWS, BAKMOA o Z—n v 71250 2 BABUKE~DOKDRAIZRE S,
ZORER, BUKBEITEE LI AT L Elsko 7w b o v — 7 MRS 7 N5 20, fH%E
ERTAlid L ORmENIEL V. syn BUT anti B LY LBUKEBEIC Sy X7 LT
SEAEEKT DI ENRBINT, 2K I BABUKEA~OKOFAZRE LA
REMENEZ HND,

a_ b
b 5P b
HOD b g P2 g
b ¥ € b p od I
g bz N bgé s ONa
b
5 )
b b
) go
a. b"-b/ b bé/‘a ,e-;n,.oua
b a
a anti-CC-9,9-EsH10-Na
d b, a’\,,_,b’ b’
) 1 f M y pss B g
(a) . J\ , by’ fo.}r_c ) b3 o
b o bﬂgE
a : b3
. by’,b, a2 b/ by’ 9} 2’ ONa
: b’
g f e'l ¢ b
(b) AIL A DSS
syn-CC-9,9-EsH10-Na

5 4 3 R z 1 0

Fig. 3-8 TH-NMR spectra of (a) anti-CC-9,9-EsH10-Na and (b) syn-CC-9,9-EsH10-Na
obtained at 10 wt% in D20. The reference compound was sodium 3-(trimethylsilyl)-1-

propanesulfonate (DSS).

TR AEED XV FEMRENT 24T O 7ol #ERMERIHTEICR 1T S NOESY (Nuclear
overhauser enhancement spectroscopy ) #lliE Z#1T->7-, NOESY Jfli&i%, A —/S— 1
P—R (NOE) #FHL-FETHY , ERMICIET 5 72 b M OMBEZ#I T &
% 20, Kamboj b 2013, BUKIEICHERER 249 2 FEIEIEANC BV THUKSED il L7z 2
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NETERKT % Z & %2 NOESY HIENL R LT\, Fio, ¥= I =BFmEmEMER DA~
—H—F 22 BUKSHORMFME 23 28 2 B/ UBE I IFE T B OV CH NOESY HIEIC LY
MEtEnTW5b, Fig. 3-9 |2 anti-/syn-CC-9,9-EsH10-Na ® NOESY 22”7 kL& R1,

22T, ENEND NOESY A7 ML/ A XL~b B LUV &4l 2 CRFT L T2,

anti IV T, R B — 7 LUMTHBIZER S hieinodz, L, syn B2 W T, B
K$D7a b (Hy) ££< o7 a b (He,Ha, HY, Hy) & OFBEINEI S iz, F51,

Bk IEO e b (Hd) BEOAR—Y—D7a b (Hy) EEASO 70 o (Hy)

& OB S 7o, HERHERHIEICE T 5 NOESY JIE Tk, NOE fHBILISMC $ AR5
BEDEONDIGENHLTZOFEENMLETH LN, ZNE TIELNTHERNLRER
WCEZ DL, syn BUTHAKIEEEDO 7 0 M U NBKEE ERELZI L 2R L TWS Z
EVRB I T, EBERRNZ 22, syn BUTIT Hy & 7K (HOD) OFEBE @I <7z,
AU, BUKEEBEO T AT NVENKEKRFREE L TND ZENFERDO—DEEZ HND
20, LMo T, eyn BUTBUKIGEFHEO 7 0 h BBy 7 L, & BICIIKBERHEE*
v P =27 bEET 5 2 L b I BAVBUKEINA~DKDEADBLE S 4L, BUKPEDTRV I
AR L TWDZ LRI,

b
(@ 4 | i ool ] o

by,b,’

HOD
HOD

Fig. 3-9 NOESY spectra of (a) anti-CC-9,9-EsH10-Na and (b) syz-CC-9,9-EsH10-Na
obtained at 10 wt% in D20.

SANS HlFEIZ £V I BADIRS A, AKFNKREZ: & 285 L7z, SmiE AR I
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wt% & L. BWEICIZEAKZ vz, Fig. 3-10 I syn-CC-9,9-EsH10-Na & SANS 711 7 7
ANERT, synBITBWTYH anti Bl L FIFRIC ¢=0.04 AFFEIC7 B— R —27 i3 &
. JEABICEHERIBMERL TS Z AR sz, £, ETNA T4 v T 47
fiEHT DFE R syn B> SANS 7' &1 7 7 A /11X Prolate spheroids €7 /v & L < —% L 7= (Fig.
3-10) 25, ZHd, anti W EFRRRFER TH D, DD, I BAOBRITLMAHEEIIT L A
CIRIF LN 2 ERbino Tz,

10

0.1

I(q) (cm-)

0.01 |

0.001. -
0.01 0.1 1

Fig. 3-10 SANS profiles of syn-CC-9,9-EsH10-Na in D20. The solid curve is the fitting

result. The surfactant concentration was set at 1 wt% in D20.

Fig.3-1135 KXW Table 3-2IZFET/V 7 1 v T 4 ¥ TN DA DTz Ko (Ra) | 228 (&) |
BEL R (Pmicelle) 25T, SEARREEDEWVIC L & Ra3B L O Ry 3R UEE R L=,
F72. syn T anti M L S LT pmicelle WO T NN S L 2T, UL, EBRFAEEE
B35 L AREREL W T HIZEPERENTIT Dol 20D, ZEE (Mg . B
FO AT OKRFE (Naate) IZFWVT b BARERZE TR S ko 72 (Fig. 3-12),
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R,and R, (A)
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anti-Na

%R, BR,

syn-Na

Fig. 3-11 Ra and A values determined from the SANS fitting for 1 wt% antr/syn-CC-

9,9-EsH10-Na in D20 and a schematic image of the prolate spheroid micelle.

Table 3-2. Parameters used for calculating the nwater, Nagg, and Nyater values.

Pmicelle Vsurfactant Vwater Pwater

(A7) (A9 (AY) (A)
anti-Na 1.20x10® 1.02x10° 6.53x10* 30.3 1.92x10*
syn-Na 1.11x10® 1.02x10° 6.53x10* 30.3 1.92x10*
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Fig. 3-12 (a) Nagg and (b) Nuwater values obtained from the SANS fitting data for 1 wt%
antr/syn-CC-9,9-EsH10-Na in D=0.

3-4. FEE

B3 TIX, WERE TR R D VAKEELZET DA LA VIR Y = I =B EIEIEA] (sym
CC-9,9-EsH10-Na) #& L7z, X HIZ, MRHEIEOBEN NS THEEREE I RIT T
WZOWTHRR LT, TORER, LFO XS misioni, ZhbomilzikiE L, Fig
3-13 1ZR T,

(1) syn B FEIETER ORI Lo/l HifH, LafBEER LT, 72, syn
IX anti W & i U CTIRIRE DS T LaMHAE AL L 72,

(2) syn % anti B & G L CREAIICEB T 50 FHA NN eslz, DFED,
BUKEBDE Ny T o 72KV MO/ SR FRERGEOEEPMMEE SN B D,

(3) TH-NMR JI/E £ v . VB OBRERIIN LIRS ICRAE L CE(LT 2 2 EAVRIB X
ni, £72. eymBUE R B AVBUKE~OKORAEET 2 ATREMNE 2 biviz,

(4) syn BUTBUKILIEO 7 0 b U NBUKEHE T L2 I BV 2RKT 5 2 L i3bhroTz,
F iz, BKIEERFEOT AT NVILBKEN U COKBREAH Y NT—27 BT 5 2 & 3R
Shiz, ZTNHIZLY, IEAVBKE~OKORANREZ N LEEZ BND,

(5) syn BUIAGHED I B ZEK L, £z, I BAOBRIILEEE KT L2
DR ST,
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Fig. 3-13 Self-aggregation structures as a function of stereochemistry.

LLEX Y “HREERBENE S 1 2SR 2 0 TR A R IS ISR I (TR L TR BT
BT ENDIoTz, T, SEREEOEWVIC LD BUKIO Ny X THERELT B2 &
EBEZDND, LIERo T, BUKEOFE RNy 20 73T I ROMRERIL (U THEEE) (2
BS LCWDABEMER B 2 S D, 20X 912, RIFFE TR S - A A RERE 2 7 5 A
BOMRIICS72M D Z & MR 5,
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Fig. 4-1 Visual appearance of the antrrCC-9,9-EsH10-Na/C140H/H20 system with
various molar ratios for antr-CC-9,9-EsH10-Na/C140H at 25 °C. The H20

concentration was fixed at 90 wt%.

ZI T, BEOBIZBWTIEKT 20 FEAEROBEZ BT 272012, /MR X 7
HEL (SWAXS) HIE %#1T - 7=, Fig. 42 [ZKFENVKICEBIT D anti-CC-9,9-EsH10-
Na/C140H/H:20 {E5 %D SWAXS JIERE R 29, £k e LT, C12Na/C140H/H20

69



RAEROERGHETRT, EALHULIOEE, MARMIIZENTT XA 7ML RT ¢g=1:2
OV LE—7 B3EoNTz, LosL, JEARICEW TR ©— 7 135 b neh oz,

—J, B 12-16DEE, IAMICENTT A FEEZ R THVIELE—27 BILO
g=15 nm FHITIZ T AV VO AN T B & R T — Y — s B ME b, TRbb. antr
CC-9,9-EsH10-Na/C140H/H:20 IRAZIT. B 1/2 — /6 I2BWT a X L ETERK T 5 =
ENbnoTe, BRENZ LT, B 12 - 1/6 128\ TT A TEEICHRT 2 4 kE T
X5 R E—7 £ THARTETZ, 2F V., antrCC-9,9-EsH10-Na/C140H/H:20 14 R1E. &
WEEERRIMEZ 95 a XV ERRT 5 2 LR STz, £i2, AR RS A
5 C12Na R&ix. antrCC-9,9-EsH10-Na & L ik L CTT A THEEICENT ik L Y
— N Ta—RiZlgo7z, DFE V. antirCC-9,9-EsH10-Na X7 X F#EDORANLZHE T

D ENIRERES NI,

anti-CC-9,9-EsH10-Na/C140H = 1/1

1/2

1/3
1/4

1/5
W

C12Na/C140H = 1/3

Intensity
Intensity

el
A

1 10 10 12 14 16 18 20
q (nm™) q (nm™)

Fig. 4-2 SWAXS patterns of the anti-CC-9,9-EsH10-Na/C140H/H:20 system and
C12Na/C140H/H:20 system at 25 °C (a) in the small-angle region and (b) in the wide-
angle region. The molar ratios of antr-CC-9,9-EsH10-Na/C140H were set at various

values ranging from 1/1 to 1/6. The H20 concentration was fixed at 90 wt%.
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Fig. 4-3 SWAXS patterns of the anti-CC-9,9-EsH10-Na/C160H/H20 system at 25 °C (a)
in the small-angle region and (b) in the wide-angle region. The molar ratios of antr-CC-
9,9-EsH10-Na/C160H were set at various values ranging from 1/1 to 1/6. The H20

concentration was fixed at 90 wt%.
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Fig. 4-4 SWAXS patterns of the anti-CC-9,9-EsH10-Na/C180H/H:20 system at 25 °C (a)
in the small-angle region and (b) in the wide-angle region. The molar ratios of antrCC-
9,9-EsH10-Na/C180H were set at various values ranging from 1/1 to 1/6. The H20

concentration was fixed at 90 wt%.
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Fig. 4-5 Long-range d-spacing as a function of molar ratio at 25 °C. The H20

concentration was fixed at 90 wt%.
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Fig. 4-6 Decay curves of the magnetization measured at the molar ratios = 1/2, 1/4, and
1/6 at 25 °C. The solid curves are the fitting results. The D20 concentration was fixed
at 90 wt%.
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Fig. 4-7 7% and its abundance for the antr-CC-9,9-EsH10-Na/C140H/D:=0 system at
25 °C. The molar ratios for antr-CC-9,9-EsH10-Na/C140H were set at 1/2, 1/4, and 1/6.

The D20 concentration was fixed at 90 wt%.
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Fig. 4-8 Schematic indicating representations of mobilities within the bilayers: low- 7%
component (green) and high- 7% component (blue) showing low and high mobility,

respectively.
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Fig. 4-9 Dynamic viscoelasticity results for the antr-CC-9,9-EsH10-Na/C140H/H20

system at 25 °C. The H20 concentration was fixed at 90 wt%.
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Fig. 4-10 The E: values for various molar ratios of anti-CC-9,9-EsH10-Na/C140H. The

H20 concentration was fixed at 90 wt%.
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Fig. 4-11 Static viscosity results for the antr-CC-9,9-EsH10-Na/C140H/H20 system at
25 °C. (a) Static viscosity as a function of shear rate and (b) z7max values for various
molar ratios of anti-CC-9,9-EsH10-Na/C140H. The H20 concentration was fixed at 90
wt%.
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Fig. 4-12 dmax Values for various molar ratios of anti-CC-9,9-EsH10-Na/C140H. The

H20 concentration was fixed at 90 wt%.
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Fig. 4-13 Optical (up) and polarized optical (bottom) microscope images of the ant-CC-
9,9-EsH10-Na/C140H/H:20 system at molar ratios of (a) 1/2, (b) 1/3, (c) 1/4, (d) 1/5, and
(e) 1/6 for anti-CC-9,9-EsH10-Na/C140H at 25 °C. The H20 concentration was fixed at

90 wt%.
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Fig. 4-14 FF-TEM images of the antr-CC-9,9-EsH10-Na/C140H/H20 system at molar
ratios of (a) 1/2, (b) 1/4, and (c) 1/6. The H20 concentration was fixed at 90 wt%.
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Fig. 4-15 WAXS patterns of the anti-CC-9,9-EsH10-Na/C140H/H20 system. The molar
ratios of anti-CC-9,9-EsH10-Na/C140H were set at (a) 1/2, (b) 1/4, and (c) 1/6. The H20

concentration was fixed at 90 wt%.

WIZ, FREIZBNTBKT 50 FEABEROREE 2 ME L7z, Fig. 4-16 IZKE/LIICE
\J % anti-CC-9,9-EsH10-Na/C140H/Hz20 {EA %D SAXS HIERRE~T, T XTOENL
2B T, miIREETH 7 A TG LR T =112 DMV IRL E— 7 G oNTz, LR
-7, anti-CC-9,9-EsH10-Na/C140H/H:20 B4R IX, IREMK FIZENT 2 Zikdn (La)
N a TR T 5 Z ERbholc, £, KRICRDIZEY—IBv ¥ —T 1o
Tzo DED | REETICHENT A TREEOBAIER M B2 2 L BREB S v,

83



>
= 70 °C
2
k= 450
= 40 °
\___,/\/\——/' 35 oG
30°
. o . e 25°C
0.1 1 10
q (nm-)
(b)
> \,\—\ ]
=
/)] \/\_\
c
)
el I
£ i
Il 1 lIIllI Il
0.1 1 10
q (nm-)
(c)
_ \\ ]
=
= \/\_’\\ N
c
0 ——
et
\—l_-M 1§ | 1 1 1 1
0.1 1 10

q (nm)

Fig. 4-16 SAXS patterns of the antrCC-9,9-EsH10-Na/C140H/H20 system. The molar
ratios of anti-CC-9,9-EsH10-Na/C140H were set at (a) 1/2, (b) 1/4, and (c¢) 1/6. The H20

concentration was fixed at 90 wt%.
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Fig. 4-17 Long-range d-spacing at the molar ratios = (a)1/2, (b)1/4, and (c)1/6. The H20

concentration was fixed at 90 wt%.
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Fig. 4-18 Key parameters determining the amount of water incorporated between

lamellar bilayers.
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Fig. 4-19 FID curves of the magnetization measured at the molar ratios = (a) 1/2, (b)
1/4, and (c¢) 1/6. The solid curves are the two-components fitting results. The D20

concentration was fixed at 90 wt%.
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Fig. 4-20 7% and its abundance for the antr-CC-9,9-EsH10-Na/C140H/D20 system at
25, 50, and 80 °C. The molar ratios for ant-CC-9,9-EsH10-Na/C140H were set at (a)
1/2, (b) 1/4, and (c) 1/6. The D20 concentration was fixed at 90 wt%.
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(c)

Fig. 4-21 Schematic indicating representations of mobilities within the bilayers: low- 7%
component (green) and high- 7% component (blue) showing low and high mobility,
respectively as a function of temperature. The molar ratios for anti-CC-9,9-EsH10-

Na/C140H were set at (a)1/2, (b)1/4, and (c)1/6.
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Fig. 4-22 Optical microscope images of the anti-CC-9,9-EsH10-Na/C140H/H=20 system
at molar ratios of (a) 1/2, (b) 1/4, and (c) 1/6 for anti-CC-9,9-EsH10-Na/C140H as a

function of temperature. The H20 concentration was fixed at 90 wt%.
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Fig.4-23 Schematic model for formation of the lamellar domain morphologies at below

melting point.
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Fig. 2-24. 2D-SANS patterns of the anti-CC-9,9-EsH10-Na/C140H/D20 system without
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shear rate at 25 °C. The mole ratios of anti-CC-9,9-EsH10-Na/C140H was set at 1/4.

The D20 concentration was fixed at 90 wt%.
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Fig. 4-25 1D-SANS patterns based on the 2D-SANS patterns of (a) X-axis and (b) Y-
axis directions in the antr-CC-9,9-EsH10-Na/C140H/D20 system as a function of
shear rate at 25 °C. The molar ratios of anti-CC-9,9-EsH10-Na/C140H were set at
1/4. The D20 concentration was fixed at 90 wt%.
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Fig. S2 SWAXS patterns of the anti-CC-9,9-EsH10-Na/C12Na/C140H/H20 system with
various molar ratios for anti-CC-9,9-EsH10-Na/C12Na at 25 °C. The molar ratio of
surfactant/C140H was set at 1/3. The H20 concentration was fixed at 90 wt%.
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Fig. S3 Dynamic viscoelasticity results of the anti-CC-9,9-EsH10-
Na/C12Na/C140H/H20 system with various molar ratios for antr-CC-9,9-EsH10-
Na/C12Na at 25 °C. The molar ratio of surfactant/C140H was set at 1/3. The H20

concentration was fixed at 90 wt%.
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Fig. S4 Static viscosity results of the anti-CC-9,9-EsH10-Na/C12Na/C140H/H20
system with various molar ratios for anti-CC-9,9-EsH10-Na/C12Na at 25 °C. The molar
ratio of surfactant/C140H was set at 1/3. The H20 concentration was fixed at 90 wt%.

121



EIf33

AREENFEEICHIZ D . THRE) THIES V£ U AU AR ORI
Fofetd . AL AR, WO AE MR . OB R TR TR SRR
%, BORHRRFHE TS AR AR AR R BIR IR R L £,

TEHT5 BHBURT 1T, FEORK L L THIRBELEAHRIE L CIHE | R BT ICRE T
FFE LT FAEEEZ M S D RE AR CIHE £ L, W —HEERITIL, e EICER
LTOBINET, bl E ZATHES & L TOLEZCHIEOIR Y AT 2 ZHE
THE F Lz, RRABEBZIIE, oA L LTET Tl BRI #EL LT, e RBHE T
THEIEE PAEEFEEZRE LS ZOLTRI T I ENTEE L, TRE TITH - 25
ELTCOREIE KRNI L, AH I DICHEL TVELENWTT, ZZIUEHOBEERLET,

/NG PE LI E I S D TE & F L7 iR i Y T Lok T L B
KOTHERTEEE LI I U S+, e 25mc I EEE
¥ LEPpBIEZ 80, WA - REBZR, Bl gL R4 =1, Dr. Avinash
Bhadani, Dr.Kafle Ananda, e/t =R LIRS LET, £720 v
DHRBE TR L OAEEE ASFo T FIWE LI EHERER, FAAEZ ZL.
REEKEE U705 5 4t - I AP TEE O Je2E, FIZE, BEOERITLO O OBEZ2E L F
R

9QEMDOEWFAEEELMAERR S ESLETHEWZ Y 2, WIS L THEW-FIEIZO
MO OEZFRLUET, L TETITARW 9 FEFTLED., DNTR 2O WEER 2 e
ZENTEE L,

T RFNGRSCOVERRIZ B T2 0 | R KEA IR NOW 10 H LT > Z & ik

WTHRELE L, RSB 22 TO T 2 \Z8d TR L B, ifre 8L E7,

2020 £ 3 1 EIEIRA

122



	全文_菅原規_甲（表紙）
	全文_菅原規_甲

