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Fig. 2-3 Visual observation results for the samples prepared at the water concentration

of 95 wt% after 3 months at room temperature
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Table 2-1. pH of each C1L6MP-Arg/water sample.
(Wt%) 97 90 60 20
pH 7.87 7.73 6.94 5.56

27



-a -
C16MP-Arg/ pH 5.5~7.9 Fig. 2-7
Arg
Arg
C16MP-K
C16MP-Arg

(Fig. 2-8)
Arg

o<

T2/ B DIVRFD)LEREOD
A E M

Punss
|

Fig. 2-9 Structure of C16MP-Arg/water agel membrane.

28



2.3.4.

C16MP-Arg/ a
C16MP-Arg/ a

Fig. 2-9 25
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Table 2-2 Phase transition temperatures as a function of water concentration.

Water concentration (wt%) Phase transition temperature (‘C)
10 52.6 59.3
20 51.5 58.2
25 50.9 57.9
30 57.7
35 57.0
40 56.2
50 55.2
60 54.6
70 53.7
80 53.8
85 52.7
90 52.0
95 50.9
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=
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Fig. 2-13 SWAXS pattern of the CL6MP-Arg + water system at the water concentration
of 20 wt% at 57 °C
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Fig. 2-14 SWAXS patterns of the C16MP-Arg + water system at various water

concentrations (65 °C).
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Fig. 2-15 SWAXS pattern of the C16MP-Arg + water system at the water concentration

of 50 wt% at 65 °C
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Fig. 2-16 Phase diagram of the C16MP-Arg + water system: isotropy solution (L1)
phase, isotropic solution phase with flow-birefringence (L1"), anisotropic solution (L),
hexagonal liquid crystal (H1) phase, lamellar liquid crystal (L.) phase, and a-gel with 2

types of d-spacing (Ls*).
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Equation 2
a 2)
1-C +C
d= 21( )Pw Ps )
C C1l6MP-Arg /  Cl6MP-Arg ow 0s
C16MP /=2.000 nm, pw=1.000 g-cm-3,and ps=1.013
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=
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— 80
o
£
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P
o]
40 ‘I’O
(o]
20
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20 40

Water concentration (wt%)
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80 100

Fig. 3-1 Water concentration dependence of long-range dadtspacing values of the

C16MP-Arg/water a-gel system.

Fig. 3-1
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3.3.2. FT-IR

C16MP-Arg/

FT-IR

Fig. 3-2

O-H
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Fig. 3-2 FT-IR spectra measured at different water concentrations.
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Fig. 3-3 O-H stretching vibration values as a function of water concentration.
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3.3.3. DSC
a DSC
-50 2 DSC
AH(J-gh) DSC
Fig. 3-4 0 AH
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Fig. 3-4 DSC results obtained at various water concentrations.
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Fig. 3-5 Melting enthalpy AH of the C16MP-Arg/water system at various water

concentrations.
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3.3.4. 1H-NMR
a -
(72 H-NMR Table 3-1
C16MP-Arg Table 3-1 (D20)
a
Table 3-1 tH-NMR experimental conditions.
90 wt% | 40 wt% | 20 wt%
-30
25
65
Table 3-1 FID Equation 1
Fig. 3-6 Equation1 w; 1
2.0 2 10 3 90 wt% 1.5 40wt% 20 wt% 1.0
Equation 1 IE: IE:
FID
Fig. 3-6
FID IE:
a
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Fig. 3-6 (a) The decay curve of the magnetization measured at the water concentration

of 20 wt% at -30 °C.
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Fig. 3-6 (b) The decay curve of the magnetization measured at the water concentration

of 20 wt% at 25 °C.
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Fig. 3-6 (c) The decay curve of the magnetization measured at the water concentration

of 20 wt% at 65 °C.
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Fig. 3-6 (d) The decay curve of the magnetization measured at the water concentration

of 40 wt% at 25 °C.
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Fig. 3-6 (e) The decay curve of the magnetization measured at the water concentration

of 90 wt% at 25 °C.

Fig. 3-6

FID Equation 1

7> Table 3-2

Table 3-2 7zvalues calculated by Equation 1 in the C16MP-Arg/water a-gel system.

90 wt% 40 wt% 20 wt%
(%) (%) (%)
1 11.0 ps 55.2
-30 2 41.6 ps 17.3
3 351 ps 27.5
1 79.2 ps 2.7 23.9 ps 33.6 23.7 ps 50.4
25 2 - 0.0 174 ps 14.3 178 ps 21.8
3 7564 ps 97.3 6119 ps 52.2 2920 ps 27.9
1 120 ps 35.1
65 2 319 ps 28.7
3 3731 ps 36.2
7> 1000 ps ( )
Table 3-2
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20 wt% T2
Fig. 3-7

100%

351 ps >1000 ps

80% >1000 ps

60% |——— 178 IJS . E

Abundance

40%
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-30°C 25°C 65 °C
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Fig. 3-7 A abundance and 72 values for each component at the water concentration of

20 wt%.

Fig. 3-7
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C16MP-Arg

-11 14 s T»
9 pstd
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C16MP-Arg
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20 wt% DSC (Fig. 3-4) 0
C16MP-Arg 52 mol%
-30 72
-30 25 72 11.0ps 23.7 ps
T2
(CisEO3) D20 Ls 72 3013 psto
30.5+1 pstn
72 15 30 pstd
23.7 ps
C16MP-Arg 65
T2 120 ps
20 wt% 65 a
C16MP-Arg
T2
T2 -30 72
351 ps 28 mol% 20 wt%
22 mol% 28 mol%
72 DsC 20
wt% 0 C16MP-Arg
72 72
72 1000 ps
Fig. 3-7 >1000 ps Table 3-2
25 2900 ps 65 3700 ps

C16MP-Arg
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T2
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C16MP-Arg

-30 IE: C16MP-Arg

Arg
Fig.3-8 25 T2

100%

80% |—— SR N S
>1000 ps

60%

Abundance

40%
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0%

20 wt% 40 wt% 90 wt%

Water concentration (wt%)

Fig. 3-8 T-abundance and each 7zvalue at 25 °C as a function of water concentration.

T2 T2
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C16MP-Arg/ a IE:
7600 ps

90wt 40wt 20wt% «a 72

FID Equation 1
Fig. 3-9

50_7 - > Measured value

E 06 ——C Calculated value

0 500 1000 1500 2000
Time (ps)

Fig. 3-9 (a) The decay curve of the magnetization measured at the D20 concentration of
20 wt% at -30 °C.
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Fig. 3-9 (b) The decay curve of the magnetization measured at the D20 concentration of
20 wt% at 25 °C.
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Fig. 3-9 (c) The decay curve of the magnetization measured at the D20 concentration of
20 wt% at 65 °C.
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Fig. 3-9 (d) The decay curve of the magnetization measured at the D20 concentration of

40 wt% at 25 °C.
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Fig. 3-9 (e) The decay curve of the magnetization measured at the D2O concentration of

90 wt% at 25 °C.
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Fig. 3-9 FID Equation 1

7> Table 3-3

Table 3-3 7zvalues calculated by Equation 1 in the C16MP-Arg/D20 a-gel system

90 wt% 40 wt% 20 wt%
(%) (%) (%)
1 10.9 us 88.7
-30 2 65.3 us 10.2
3 6465 us 1.0
1 23.5 us 55.8 23.8 us 58.6 23.4 us 59.9
25 2 309 us 16.8 311 us 20.8 266 us 23.5
3 9620 us 27.4 9344 us 20.6 3763 us 16.7
1 126 ps 39.3
65 2 411 us 334
3 2765 s 27.3
72 Table 3-2 1000 ps ( )

Table 3-3

59



20 wt% Fig. 3-10

100%
65.3 s >1000 ps

>1000 ps
80% : S A

60%

Abundance

40%

20%
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-30 °C 25°C 65°C

Temperature (°C)

Fig. 3-10 7zabundance and each 7zvalue at the D20 concentration of 20 wt%

72 C16MP-Arg

Arg -30 Fig. 3-7 T2

H20 Fig. 3-7 20 wt%
72
T2 T2
109 ps C16MP-Arg
C16MP-Arg C16MP Arg
72 mol% 28 mol% -30

Arg Arg T2

Fig. 3-10 a C16MP Arg
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C16MP-Arg
C16MP-Arg 10.9
ps—23.4 ns—126 ps Fig. 3-7
-30 25
65
72 72 3000 ps

Arg
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25 72 Fig. 3-11
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>1000 ps >1000 ps 1000 s
80% | | | (]

60%
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20 wt% 40 wt% 90 wt%

Water concentration (wt%)

Fig. 3-11 7-abundance and each 7zvalue at 25 °C as a function of D20 concentration.

Fig. 3-11 72 Fig. 3-8
Cl6MP-Arg 25
72 23~24 us C16MP-Arg
T2
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SWAXS FT-IR DSC 1IH-NMR C16MP-Arg/ a

C16MP-Arg
IE:
0
C16MP-Arg/ a

T2 a
Fig.
3-9 a

1: The bound water ll
:..’.

2: The water trapped i
between a-gel lamellar bltayers

3: The water located outside
of the a-gel domains

o

Fig. 3-9 Three kinds of water mobility in the CL6MP-Arg/water a-gel system.



3.4.

C16MP-Arg/ a SWAXS
FT-IR DSC H-NMR

O-H
0
20 wt% a
IH-NMR
T2
72 C16MP-Arg
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4.2.3. DSC
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4.2.4. SWAXS
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4.3.
4.3.1. C16MP-Arg/C160H

C16MP-Arg C160H
Fig. 4-1

C160H

Fig. 4-1 Visual appearance of CL6MP-Arg/C160H/water samples.

The numbers shown in this figure indicate the mixed mole ratio = C16MP-Arg:C160H

of each sample.
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4.3.2. CA6MP-Arg/C160H SWAXS
SWAXS Fig. 4-2
1 1
A ; 5 ;
4:1(0.20 1:1(0.50
e (0.20) 2 (0.50)
= 2
2 2 i
— 0204060810 =
| v
_—’\V 1 T |
0.1 5 10 15 20 0.1
q (nm)
34
2
R 1:3(0.75)
>
o) 2
I= 2
= =
| | 1 |
ot ° q(:,ﬂ.,-1) 1 2 o4 5 10 15 20
g (nm")

Fig. 4-2 SWAXS patterns of the C16MP-Arg/C160H/water mixed system at various

mole ratios. The numbers shown in the brackets indicate the mole fraction of C160H

in each sample.

q 1:2:3
1) g=15
nm-1 (Fig. 4-2V)
C16MP-Arg/C160H/
a 1-4)
q d=2nlqg
d C160H (Fig.
4-3) d C160H 1:1(C160H
0.5) C16MP-Arg
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Fig. 4-3 d-Spacing of the C16MP-Arg/C160H/water mixed system as a function of

C160H mole fraction.
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4.3.2. C16MP-Arg/C160H DSC

DSC Fig. 4-4

Without
C160H
52.7 °C
5:1 "
55.3°C
(0.17)
525°C
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el - . i S
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= | 1.2
W | (0.67)
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71.0°C
v 14 361 c‘(: 517 °C

(0.80)
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Temperature ("C)

Fig. 4-4 DSC results obtained at various mole ratios. The numbers shown in the

brackets indicate the mole fraction of CL60H in each sample.
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C160H a
a
SWAXS

72



4.3.4. C16MP-Arg/C160H

a G’
C160H Fig. 4-5
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Fig. 4-5 Storage elastic modulus G and yield value of the C16MP-Arg/C160H/water

mixed system.
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(Fig. 4-4)
a
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(Fig. 4-6)
stress
> 000000000000 stress e
4y s
- $O00000000%®  Small strain
- hitdtastiiud stress SOPPPITSY Collapse  **"%9sesee
Hl B Y, | S~
L emeeseseees [Im— Dttt
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Fig. 4-6 Schematic representation of collapse of a-gel structure, induced by shear

stress.
4.35. a
C16MP-Arg 1:3 85 Wt%
C140H C180H 25
Fig. 4-7

Fig. 4-7 Visual appearance of CL6MP-Arg/fatty alcohol/water samples.
The numbers shown in this figure indicate the mixed mole ratio = C16MP-Arg:fatty

alcohol of each sample. Water concentration was set at 85 wt%.
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Fig. 4-8 SWAXS patterns of the C16MP-Arg/fatty alcohol/water mixed system.
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Fig. 4-9 ¢-Spacing of the C16MP-Arg/fatty alcohol/water mixed systems as a function

of alkyl chain length at the water concentration of 85 wt%.
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DSC Fig. 4-10
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Fig. 4-10 DSC results obtained at various fatty alcohol mixed samples.
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