
1

�e���Þ
�æ

�\
Ý
�2�4�D

�!�O
�N

�S�9�E
�b�e

�Þ
�æ

	Š
�Ý

�ã���H
�¹�î�\�]��

�Q
�N

�B
�B

�0�Q
�W

�B
�d�®

�Ä
�Ë

�¡�B
�Q

�W
�B

�0�D
�m

�b�z
�‹�Ë

�µ�•�›� �l�Ž

ä�B

�1�@

�ƒ�ä
�ƒ�ä
�ƒ�ä
�ƒ�ä


š	Ž

š	Ž

š	Ž

š	Ž

�a�Þ
�1� �·

�
�%
�4� �ò

�
�%
�'� �4

asanoa@
nda.ac.jp

�2
34�]�e���ê�é�î��	:�s�D

�j�[
�Ò

�õ
: 2003/10/30-31

at �1	?�¸�Þ
�^	Œ

�1
¾
�t�|�Ë

�…
�'� �¥�ª�*�¼

�+
	@

�¥
¾

�Þ
�æ

	Š
�Ý

�ã��
�Þ

�æ
	Š

�Ý
�ã��

�Þ
�æ

	Š
�Ý

�ã��
�Þ

�æ
	Š

�Ý
�ã���Œ

�¸�B
�b

�*�—
�|�¼

�+


��Ÿ
���ã�<

�Þ
�æ

	Š

s	†�H

�®
�Ä

�Ë
�¡��

�z�Å
�|�'�*�ˆ
9�ã���+

�ã�<
��
��Ÿ

�Þ
�æ

	Š
�B


��Ÿ
���ã�<

�«�%
�ä

�*�¢�¦�‹�Ë
�µ�•�›� ���§�|�®

�Â
�›� �+

�t
¾
�H

� �¬
�›�‡�‘

PM
A

A
/PV

A
c�®

�Ä
�Ë

�¡��
PC

/PM
M

A
�®

�Ä
�Ë

�¡��
PS/PV

M
E

�®
�Ä

�Ë
�¡

�t
¾
�H

� �¬
�›�‡�‘

PV
A

/clay ��
nylon6/clay�¢�¦�‹�Ë

�µ�•�›� 

�Í���µ�Â
�¶���®

�Ä
�Ë

�¡
�Í���µ�Â

�¶���®
�Ä

�Ë
�¡

�Í���µ�Â
�¶���®

�Ä
�Ë

�¡
�Í���µ�Â

�¶���®
�Ä

�Ë
�¡

�Î���µ�Â
�¶���‹�Ë

�µ�•�›� 
�*�µ�Â

�¶���§�|�®
�Â

�›� �+

P
M

A
A

C
H

2
–

C
 C
O

O
H

C
H

3

(                   )n

P
V

A
cC

H
2

–
C

H
 

O
C

O
C

H
3

(                   )n

�*�*�* �*
�Ö

�#�;�\�]
�Ö

�#�;�\�]
�Ö

�#�;�\�]
�Ö

�#�;�\�]
���æ

	Š
�Ë


r���Ö
�}	H

�%
�+

���æ
	Š

�Ë

r���Ö

�}	H
�%

�+
���æ

	Š
�Ë


r���Ö
�}	H

�%
�+

���æ
	Š

�Ë

r���Ö

�}	H
�%

�+
�:�:�: �:

�µ�Â
�¶���®

�Ä
�Ë

�¡
�µ�Â

�¶���®
�Ä

�Ë
�¡

�µ�Â
�¶���®

�Ä
�Ë

�¡
�µ�Â

�¶���®
�Ä

�Ë
�¡

�;�;�; �;

P
M

A
 [poly(m

ethyl acrylate)]

C
H

2
–

C
H

 

C
O

O
C

H
3

(                   )n

P
V

A
cC
H

2
–

C
H

 

O
C

O
C

H
3

(                   )n
no interaction !

m
iscible due to just                  

an advantage of m
ixing enthalpy.

[M
A

A
] = 86 g/m

ol
[V

A
c] = 86 g/m

ol

1)N
andiet al., M

acrom
olecules, 1985, 18, 1454-1460. 

2)T
akegoshi et al. P

olym
. J. 1993, 25, 59-64.

A
sano et al., M

acrom
olecules, 2002, 35, 8819-8824.



2


Î�æ
�]�*

D
ynam

ic D
SC

: �Ò

Á

�H
D

SC
�H

�Î�=
�Ï
ü�H

�ö�ð	¶�ü�+

�æ
	Š

�Ä
�±

�Ã
�A

�Ö
�#�3�e��

�®
�Ä

�Ë
�¡�H

�„�Á
�‘
"�Š


$�*�e�+
�&

PM
A

A
�Y

��
�B

PV
A

c
�Y

���H

"�Š


$
�H

�Ž
�ü�E

�÷
�ö�/�f�e��

�Ö
�#�Ð

�æ
�H

�®
�Ä

�Ë
�¡�H

�„�Á
�‘
"�Š


$�B
�B

�\�E
PV

A
c�H


"�Š

$�\�÷

�ö
�/�f�e��

�æ
	Š

�Ä
�±

�Ã
�A

�I
�Ð

�æ

��D

�Ö
�#��

50
100

150
200

Tem
perature / C

Endo.

�U

�U

�U

�V
P

M
A

A
/P

V
A

c=1/3

P
M

A
A

/P
V

A
c=1/1

P
M

A
A

/P
V

A
c=3/1

P
V

A
c

P
M

A
A

�Ö
�#�;�\�]

�Ö
�#�;�\�]

�Ö
�#�;�\�]

�Ö
�#�;�\�]

�Ö
�#��

P
M

A
A

�H
1H

�H
�ñ�Ò

	¶�ü�A
P

V
A

c�H
1H

�H
�ñ�Ò

	¶�ü

1H
�H


8�ñ�Ò
	¶�ü�*	Ø

�Q
	Ò

��
T

1 H��
�]
"��

T
1r H�+

P
M

A
A

P
V

A
c


Î�j
Ø
�*�€�¥�Ã

�†���•�ß
�+

�C
�f�*�c���3�-�e�%

�	

�}���H
1H

�‘�¬
�Ë

�H
�~

�B

�{�W
�E

�{��

�ñ�Ò
	¶�ü
¤�A

1H
�‘�¬

�Ë
�H

�€�¥�Ã
�†��

�&
�•	n�A

�'�e�{�W

�\�=
�B

�¡�¹�|�Ë
�&

�1�'��
¾
�ã

PV
A

c
 1

PM
A

A
 

of
 

H
 

PM
A

A
 1

PM
A

A
 

of
 

H
 

1

1
)

1(
1

1
1

1

T
f

T
f

T
ave

-
+

=

PM
A

A
 

of
 

H
 1

f
�I

PM
A

A
/PV

A
c�®

�Ä
�Ë

�¡�Ž
�H

PM
A

A
�H

1H
�H

�d�Z

T
1 H: 0.5-1s;      20-50 nm

T
1r H: 1-50m

s;    2 -
5 nm

/s
nm
 

10
10

  
   

6
2

3
2

1
2

-
»

º
Ü

>=
<D

T
t

D
t

r
�Ò


Á
�H

�µ�Â
�¶��

�®
�Ä

�Ë
�¡�Ž

�H
�ñ�Ò

	¶�ü�H
��	s�u

�®
�Ä

�Ë
�¡�Ž

�H
�ñ�Ò

	¶�ü�H
��	s�u

�®
�Ä

�Ë
�¡�Ž

�H
�ñ�Ò

	¶�ü�H
��	s�u

�®
�Ä

�Ë
�¡�Ž

�H
�ñ�Ò

	¶�ü�H
��	s�u

�•	n�{�W
�•	n�{�W
�•	n�{�W
�•	n�{�W



3

0
0.2

0.4
0.6

0.8
1.0

0.5

1.0

1.5

1 / T1
H (s-1)

c
P

M
A

A

0
0.2

0.4
0.6

0.8
1.0

0

0.1

0.2

0.3

1 / T1r
H (ms-1)

c
P

M
A

A

(A
)

(B
)s

17
.3 1

)
1(

s
76
.0 1

1
PM

A
A

PM
A

A
H1

c
c

-
+

=
ave

T
	Ø

�Œ
��

m
s

3.
43

1
)

1(
m

s
03
.4

1
1

PM
A

A
PM

A
A

H1

c
c

r

-
+

=
ave

T

1H
: 500M

H
z

1H
: 56kH

z

P
M

A
A

/P
V

A
c�®

�Ä
�Ë

�¡�H
	Ø

�Q
	Ò

���*�Ý
�+

�B
�]
"���*�Þ

�+
�H

�®
�Ä

�Ë
�¡�H

	Ø
�Q

	Ò
���*�Ý

�+
�B

�]
"���*�Þ
�+

�H
�®

�Ä
�Ë

�¡�H
	Ø

�Q
	Ò

���*�Ý
�+

�B
�]
"���*�Þ

�+
�H

�®
�Ä

�Ë
�¡�H

	Ø
�Q

	Ò
���*�Ý

�+
�B

�]
"���*�Þ
�+

�H
�‘�¬

�Ë
�=

�’	Š
�ñ�Ò

	¶�ü�H
�´�<

�d�{���*	Ø
�Œ

�I�Q
�Ð

	Æ
�b�d�+

�‘�¬
�Ë

�=
�’	Š

�ñ�Ò
	¶�ü�H

�´�<
�d�{���*	Ø

�Œ
�I�Q

�Ð
	Æ

�b�d�+
�‘�¬

�Ë
�=

�’	Š
�ñ�Ò

	¶�ü�H
�´�<

�d�{���*	Ø
�Œ

�I�Q
�Ð

	Æ
�b�d�+

�‘�¬
�Ë

�=
�’	Š

�ñ�Ò
	¶�ü�H

�´�<
�d�{���*	Ø

�Œ
�I�Q

�Ð
	Æ

�b�d�+

� �@
�H

�´�<
�A

20-50nm
�H

�€�–�A
�Ö

�#��
…
�E

PM
A

A
�Â

�›�™
�®

�Ä
�Ë

�¡�I
2-5nm

�H
�€�–�A

�\�Ö
� �E

�Ö
�#��

1H
: 500M

H
z

1H
: 56kH

z

�:�:�: �:
�Ö

�#�;�\�]
�Ö

�#�;�\�]
�Ö

�#�;�\�]
�Ö

�#�;�\�]
�;�;�; �;

•
1H

�ñ�Ò
	¶�ü�*

T
1 H, T

1r H�+
�l�ö�ð

�$�<
nm

�H
�Ö

�#�;�B
�$

nm
�H

�Ö
�#�;�l�H

�Ð
�A

�'�e��

PM
A

A
�Â

�›�™
/PV

A
c�®

�Ä
�Ë

�¡��
2-5nm

�A
�³�š�E

�Ö
�#��

PM
A

A
/PV

A
c�Â

�›�™
�®

�Ä
�Ë

�¡��

20-50nm
�A

�³�š��
2-5nm

�A
�I�Ö

� �E
�š�•�1�D

���&
��

�ñ�Ò
	¶�ü�*

T
1r H

 �+
�I�1�'�)�Ò

�£�l
��+
�@

���e��

PV
A

c�H
T

1r H�A
43m

s
(6�?

3.4�?
10

2�?
0.043) 1/2

PV
A

c�H
T

2 H�!
80ms

D
=2.74�?

10
4/T

2 H(ms)[nm
2s -1]

�!
10nm

R
.A

.A
ssink, M

acrom
olecules, 1978, 11, 1233. 

�:�:�: �:
�Ö

�}	H
�%

�B
�æ

	Š
�Ë


r
�Ö

�}	H
�%

�B
�æ

	Š
�Ë


r
�Ö

�}	H
�%

�B
�æ

	Š
�Ë


r
�Ö

�}	H
�%

�B
�æ

	Š
�Ë


r
�;�;�; �;

13C
 N

M
R

�‘�²�‡� �Ã

�*�'� �•�­� ���'�+
T

1 C
�H

�´�<
�d�{��

�´�<
�d�{��

�´�<
�d�{��

�´�<
�d�{��

�^�#
=
�{���;

C
O

O
H

C
O

O
H

C
O

O
H

O
C O

�Ö
�}	H

�%
�1�@

���e�Ð
�æ

�H
�æ

	Š
�Ë


r�I�����e�þ
=
�}���E

�Š

s
��D

�Ë

r�l�3�e�:�g� 

	ý	�

	ý	�
	ý	�	ý	�



4

C
O

O
H

OC
O

CH
2 C C

H
3

n  

CH
2 C H

n  

C
H

3

O

P
M

A
A

/P
V

A
c�®

�Ä
�Ë

�¡�H
�®

�Ä
�Ë

�¡�H
�®

�Ä
�Ë

�¡�H
�®

�Ä
�Ë

�¡�H
13C

 C
P

M
A

S N
M

R
 �‘�²�‡� �Ã
�‘�²�‡� �Ã
�‘�²�‡� �Ã
�‘�²�‡� �Ã

A
liphatic�€�–�H

	Ø
�ö�H

�‘�²�‡� �Ã
�I�•�·�½

�Ä
���•�¿

�Ë
�B

� �)
s�2�A
���e�&

��
C

O
�Ð

�H
�‘�²�‡� �Ã

�I
�Y

�E
� �)�‘� ���-�f�I�ð	��€�–�A

�µ�Â
�¶���ü�E

�‘�²�‡� �Ã
�E

�Ò
�£�l���"�e�Ö

�}	H
�%

�&
��	9�3�e�-

�B
�l	¾

�1�@
���e���®

�Ä
�Ë

�¡�Ž
�H

PM
A

A
�H

�ð	��¬
���‡�I�Ï�t�E

�æ
�¨�1

PV
A

c�H
�7�f�I�Î�t�E

�æ
�¨�3�e��

13C
: 125M

H
z

�
�������	��
���
����


��
��
������������

�
 

�"!��$#%
����
�&('(�

�*)
��+����	��'(,	


��
�-
&(
�./��
��


�����0
./132

�4'

��

����
�&('(�
�*1	��0

�35%
6(0

�(
87���1	�
��0

���

&�13�
�(
��9)

:�+�6

��;'(,	
8��<=�


�5�0

��

0
��'(,	
8��������>��

?���&"��2

��	����@

171ppm
: 

pure
PV

A
c-C

O

183ppm
:

disordered 
PM

A
A

-C
O

O
H

 
(pure PM

A
A

)

�Ñ
�t�H

�¬
���‡

187ppm

183ppm

179ppm

175ppm

171ppm

c
A

B�C(C

D�E3F
G

H�I�JLK

M�E3F
G

N�H�JLK

F�E3F
G

I�O�JLK

F�E3M
G

D�D�JLK

F�E3D
G

M�I�JLK

P�Q9R�R/S
F�T�D�U�U�VXW

Y

Y
Y

Y
P�Z�R/[�S

F�H�F�U�U�VXW

F�T�H�U�U�V\F�T�D�U�U�V\F�H�]�U�U�V

F�H�I�U�U�V
F�H�F�U�U�V

M�M

M�M

F�H

F�O

H

M�T

M�F

F�F

HI

F�]
^

_�`�a�b

F�N
^

c
`�a�b

F�N
^

d�d�a�b

F�F
^

e
f�a�b

]
^

e�g
a�b

F�h

F�T

F�h

F�D

N

F�H

M�D

h�M

I�TH�D

i�j�k
lnm�o

p�jql;r	j�l;stS
o

u
JLW

wvyx
m�z�jq[�l;r	{

vy|�}
k

U
j�l;~•S

€L•9•9‚
W

�xyv
r=P�Q9R�Rƒl;u�„…

myz�j

[�l;r	{
v

u
}

k
U

j�l;~†S
€L•9•

W
�xyv

r%
P�Z�R/[

v
{4myl;o

u�j�„
x

r
v�V

„�j�[
v�V‡U�v

s�j�„‰
ˆ

Š
€‰

s
U

j�[
m�rnl;‹

Œ

Œ
3•�z�j

U
j�l;~3sŽl

m
F�T�H�•�F�T�D

l;u�„
F�H�]"U�U�V

l;r	j"lnm
myr	o

{�•4m�j3„9m
v

P�Q9R�R•l;u�„

m�z
v

s�j"l
m

F�H�I
l;u�„

F�H�F*U�U�V
m

v
P�Z�R/[�‹

‘�’
G

P�Q9R�R
K

r	lnm�o
v

o
u9m�z�j†{�k

j�u�„�s
v

{ym�l;o
u�j�„

x
r

v�V
m�z�j†s�o

V
•�k

lnm�j3„“l;r	j�l�r	l
m�o

v
s�‹

�
�������	��
���
����


��
��
������������

�
 

�"!��$#%
����
�&('(�

�*)
��+����	��'(,	


��
�-
&(
�./��
��


�����0
./132

�4'

��

����
�&('(�
�*1	��0

�35%
6(0

�(
87���1	�
��0

���

&�13�
�(
��9)

:�+�6

��;'(,	
8��<=�


�5�0

��

0
��'(,	
8��������>��

?���&"��2

��	����@

”�•=–
—

˜“™
�š	›3œ

•3ž
Ÿy™

¡ �¢Ž£X¤4¥
™

�›	¦�§
¨y©

ª�«

•‰
œ

™
�•�¦

¬
¦�§

™
�•�¦

™
�­t®(¢�¯�¯‰

•�¦$°�±
²(˜

«
ª

§�”�²�œ
y§

¤
³�´�µ

Ÿy³
”*µ

ž¶¯�³�¯3¤
•�ž

ª¡·�¸4¹�º

³
»

¼
½

(¾
»;¿

¹�À(¸�Á

»�°
Â(Â�Â(»yÃ(Ä

Ã(Ä
Ã(Ä

Ã(Ä(»4”�²(²(Ä�¬
”(²�°

”(³

the sam
e C

S 
value

free C
O

O
H

dehydrated 
O

C
O

C
O

due to a 
chem

ical 
exchange

dim
eric

C
O

O
H

187ppm
:

intram
olecular

PM
A

A
-C

O
O

H
dim

ers

183ppm
:

disordered 
PM

A
A

-C
O

O
H

 
(pure PM

A
A

)
the sam

e C
S value 

w
ith pure PM

A
A

171ppm
: 

pure
PV

A
c-C

O

179ppm
:interacted PM

A
A

-
C

O
O

H
 w

ith
PV

A
c

175ppm
:interacted

PV
A

c-C
O

w
ith 

PM
A

A



5

�Ë

r�;

�Ë

r�;

�Ë

r�;

�Ë

r�;

F
ig.4 C

O
�€�–�H
�€�–�H
�€�–�H
�€�–�H

13C
�“�H

	Ø
�Q

	Ò
���H

�‘�¬
�Ë

�=
�’	Š

�ñ�Ò
	¶�ü�H

�´�<
�{���;

�“�H
	Ø

�Q
	Ò

���H
�‘�¬

�Ë
�=

�’	Š
�ñ�Ò

	¶�ü�H
�´�<

�{���;
�“�H

	Ø
�Q

	Ò
���H

�‘�¬
�Ë

�=
�’	Š

�ñ�Ò
	¶�ü�H

�´�<
�{���;

�“�H
	Ø

�Q
	Ò

���H
�‘�¬

�Ë
�=

�’	Š
�ñ�Ò

	¶�ü�H
�´�<

�{���;

OC
O

C
O

O
H

CH
2 C

H
3

n  

C H
n  

[P
M

A
A

]
187�B

183ppm
��

�´�<
�{���;

�«�1
�«�1
�«�1
�«�1

Û
179ppm

��
�´�<

�{���;�&
�1�'��
�1�'��
�1�'��
�1�'��

�}���E
�Š


s
��E
�Ë


r

[P
V

A
c]

171ppm
��

�´�<
�{���;�I

�1�'��
�1�'��
�1�'��
�1�'��

Û
175ppm

��
�´�<

�{���;�&

€�/��

€�/��

€�/��

€�/��

�
:

PM
A

A
s/
 1

14
c

±

�
: 

PM
A

A
s/
 5

47
c

±

PM
A

A
s/
 

12
60

c
±

PM
A

A
s/
 6

71
c

±

PM
A

A
s/
 4

.0
8.

4
c

±

�:�:�: �:
�Ö

�}	H
�%

�B
�æ

	Š
�Ë


r
�Ö

�}	H
�%

�B
�æ

	Š
�Ë


r
�Ö

�}	H
�%

�B
�æ

	Š
�Ë


r
�Ö

�}	H
�%

�B
�æ

	Š
�Ë


r
�;�;�; �;

187ppm

183ppm

179ppm

175ppm

171ppm

C
O

O
H

C
O

O
H

C
O

O
H

OC
O

C
O

O
H

O
C O

�µ�Â
�¶���ü�H

���³�+
�ã�	

4ppm
�H

�é	½

¾

�•�­� 
4ppm

�H
�Þ

	½

¾

�•�­� 

���³�+
�ã�A

C
O

O
H

�B
C

O
�H

�b�³
s	†�&
1nm

�x
¤�H
�{�W

�*�‘�����³�+
�ã�+

�E
���D

���B
�'� �•�­� �H

��
�'�I�$�'�D

����

�Ö
�}	H

�%
�Ð

�z�H
�'� �~

�Ð
�d

�Ö
�}	H

�%
�Ð

�z�H
�'� �~

�Ð
�d

�Ö
�}	H

�%
�Ð

�z�H
�'� �~

�Ð
�d

�Ö
�}	H

�%
�Ð

�z�H
�'� �~

�Ð
�d

179ppm
�E

�÷
�ö�/�f�e

PM
A

A
�H

C
O

O
H

��

175ppm
�E

�÷
�ö�/�f�e

PV
A

c�H
C

O
O

��

x
: y

�H
�d�Z

�A
�Ö

�}	H
�%

�3�e�B
�(�ð�3�f�J

� �@
�H

�´�<
�d�A

�<
�d�[�>

�I�4

c
A

B�C(C

D�E3F

M�E3F

F�E3F

F�E3M

F�E3D

P�Q9R�R/S
F�T�D�U�U�VXW

P�Z�R/[�S
F�H�F�U�U�VXW

F�T�H�U�U�V\F�T�D�U�U�V\F�H�]�U�U�V8Å

F�H�I�U�U�V8ÅÆ
F�H�F�U�U�V

M�M

M�M

F�H

F�O

H

M�T

M�F

F�F

HI

F�]

)

e
Ç�a

+

F�N

)

e
Ç�a

+

F�N

)
È

_�a

+

F�F

)
È

`�a

+

]

)

d

È

a

+

F�h

)

d�c
a

+

F�T

)

d�d�a

+

F�h

)

e�c
a

+

F�D

)

g
f�a

+

N

)

f�a

+

F�H

M�D

h�M

I�TH�D

°
Ä(Â�¥y¥y©

É

É
É

É

°
Ä�±(¥y¥y©

D�D

D�h

D�O

M�h

F�I

�•���Ï���Í�®
�Ä

�Ë
�¡

PM
A

A
�H

�¾
�£�›� �H


¤
27%

 �&
�Ö

�}	H
�%

PV
A

c �H
�¾

�£�›� �H

¤

45%
 �&

�Ö
�}	H

�%

� ���E
�x�[�e�¬

�ã�I
33%

x
: y

= 3 : 2�:�B
�(�ð�3�e

3/1 �®
�Ä

�Ë
�¡

�A
12/4 �®

�Ä
�Ë

�¡�H
16�¾

�£�›� �%
�c�D

�e

PM
A

A
;  3/12 = 25%

 

PV
A

c;    2/ 4  = 50%
 

� ���E
�x�[�e�Ö

�}	H
�%

�Ð
�z�H

�¬
�ã

5/16 = 31%



6

P
M

A
A

/P
V

A
c�I�_�f�<


��é"ç
U

Þ

!ª1ñ
Ï�é�Y
�>

�6�;�§
�I�_�f�<


��é"ç
U

Þ

!ª1ñ
Ï�é�Y
�>

�6�;�§
�I�_�f�<


��é"ç
U

Þ

!ª1ñ
Ï�é�Y
�>

�6�;�§
�I�_�f�<


��é"ç
U

Þ

!ª1ñ
Ï�é�Y
�>

�6�;�§
[M

A
A

]/[V
A

c] �
�
�
 �

3/2 

�ã
’�o�Ò
�Ú

�ã�È
�é�G

�o�"�•�2�é�s�ù�é"ç�»�o�ã.�%
š�o�ã�é�§0»

�ã
’�o�Ò
�Ú

�ã�È
�é�G

�o�"�•�2�é�s�ù�é"ç�»�o�ã.�%
š�o�ã�é�§0»

�ã
’�o�Ò
�Ú

�ã�È
�é�G

�o�"�•�2�é�s�ù�é"ç�»�o�ã.�%
š�o�ã�é�§0»

�ã
’�o�Ò
�Ú

�ã�È
�é�G

�o�"�•�2�é�s�ù�é"ç�»�o�ã.�%
š�o�ã�é�§0»

c
PM

A
A

PM
A

A
(179ppm

)
PV

A
c(175ppm

)

� 
C

O
O

H
�Ž

� 
O

C
O

C
H

3
�Ž

�®
�Ä

�Ë
�¡�Ž

3/1     obs.
(12/4) cal.

2/1     obs.
(10/5) cal.

1/1     obs.
(8/8)   cal.

1/2     obs.
(7/14) cal.

1/3     obs.
(7/21) cal.

33%
31%

34%
33%

30%
31%

24%
24%

15%
18%

27%
25%

27%
30%

36%
38%

39%
43%

43%
43%

45%
50%

44%
40%

25%
25%

18%
14%8%9%

PM
A

A
PV

A
c

�Ï���Î
�Ï���Î
�Ï���Î
�Ï���Î

�‹�Ë
�—

�‡� 
�&

�Ð

ü�	��

[ B
rukerprobe: 4f

sam
ple tube] &

 [ D
oty probe: 5f

sam
ple tube]

B
0 : 11.7T

, M
A

S: 8kH
z, rf

: 55.6 or 50 kH
z, C

P: 1.5m
s, repetition tim

e: 4s

F2 points: 1024, F1 points: 128, T
PPI m

ethod, 

num
ber of scan per one tim

e experim
ent: 224 -

280, (m
ostly 280)

m
ixing tim

e ttt t
: 50m

s, 100m
s, 150m

s, 200m
s, 250m

s, 300m
s, 500m

s, 1s, 2s, 3s, 4s, 6s, and 7 s

���³�+
�ã�A

C
O

O
H

�B
C

O
�H

�b�³
s	†�&
1nm

�x
¤�H
�{�W

�E
���D

���B
�'� �•�­� �H

���'�I�$�'�D
����

1H13C
C

P

ram
pC

P
C

W

t1
ttt t

90

90
90

T
PPM

�Î	·�S
�•�ß

13C
 N

M
R

P
M

A
A

/P
V

A
c=

3/1�®
�Ä

�Ë
�¡�H

�®
�Ä

�Ë
�¡�H

�®
�Ä

�Ë
�¡�H

�®
�Ä

�Ë
�¡�H

13C
- 13C

 2	·�S
	·�S
	·�S
	·�S

�•�ß
�‘�²�‡� �Ã

�*�•�ß
	¶�ü�I

�•�ß
�‘�²�‡� �Ã

�*�•�ß
	¶�ü�I

�•�ß
�‘�²�‡� �Ã

�*�•�ß
	¶�ü�I

�•�ß
�‘�²�‡� �Ã

�*�•�ß
	¶�ü�I

7s�+�+�+ �+

1H13C
C

P

ram
p

C
W

t1
ttt t

90

90
90

T
PPM

A
. A

sano, Polym
er Journal, in press.



7

0.0
0.5

1.0
1.5

2.0
6.5

7.0
7.5

0

0.04

0.08

0.12

0.16

0.20

0.24

 

C
¦C

Ë
C

ÌC
Á

C
•C

ƒC
 C

ƒC
“C

‘C
“C

“C
“C

•C
š

C
¤C

•C
ƒC

“C
‘C

”C
›C

”C
óC

“C
‘C

“C
“C

™
C

ÎC
•C

ƒC
˜C

‘C
–C

óC
“C

‘C
™

I cross / I diagonal

ttt t / s

13C
O

O
H

13C
O

O
C

H
3

� � �

� � �

-
+

-
-

=
)

2
exp(

1
)

2
exp(

1
t tk k

A
I Idiagonal

cross

solid line;
A

 = 0.181, k = 5.3 (�
0.6) s -1

-----eq. 1

•9u/myz�j*{�l;s�o
s

vyx
m

�z�j"s
U

o
u4Ê�„�o

x
x

•�s�o
v

u“r	lnm
�j*{�j	m

Ë*j�j�u9m
�z�j*„�o

s
m

�l;u�[�j
xyv

rXˆ
Š

€;Ê3ˆ
Š

€

vyx$O
‹

M�D�I
u

V
o

s
F�]

‹
O

s	Ì
ˆ

xyv
rÍˆ

Š
€¡„

v
•�{�k

j‡k
l;{�j�k

j�„‰
P�În•

v
{ym

�l;o
u�j�„

x
r

v�V
Q8‹�Ï�o

u�„�j�r

Ð�Ñ�Ò;Ó

‹
Ô

•
Ë"jqj�s

m
�o

V
lnm

�jtm
�z�jq„�o

s
m

�l;u�[�j•o
x

Ë*jq[�l;uÕl�s�s�•
V

j=m
�z�l

m
‰

m
�z�j=m

�r	l;u�s�o
m

�o
v

u

U
r

v
{�l;{�o

k
o

m
}

o
s�m

�z�j‰
s�l

V
j‰

l;u�„*m
�z�j‰

r	l
m

�j�o
s

h
m

�o
V

j�s�Ö�rnj�lnm
�j�r�m

�z�l;utl“u
v

r
V

l;k
F

’
F

ˆ
Š

€;Ê3ˆ
Š

€�[
v

u(m
�l;[

m
$S

s�j�j†s�[�z�j
V

j
F�W

l;s
x4v

k
k

v
Ë*s�’

, 
235
.0

19
4/

)6
.0

3.
5(

6

6

x
=

±

nm
 

04
.0

37
.0

   

)6
.0

3.
5

/(
4

19
235
.0

6
6

±
=

±
´

´
=

x

*: “U
se of carbon-carbon nuclear spin diffusion for the study of the m

iscibility of polym
er blends”,                                

M
. L

inder, P.M
. H

enrichs, J.M
. H

ew
itt, D

.J. M
assa, J. C

hem
. P

hys., 1985, 82(3), 1585-1598.

PM
A

A
PV

A
c

0.37nm

0.2nm

�X
�B

�[

•
�Q

�N
�N

�B
�0

�Q
�W

�B
�d

�®
�Ä

�Ë
�¡�I

�Q
�N

�B
�B�Â

�›�™
�A

�I
�3�.�6�!�o�n�x
¤�A

�Ö
�#�A

���d��

•
�Q

�W
�B

�d
�Â

�›�™
�®

�Ä
�Ë

�¡�A
�I

�6�.�2�1�!�o�n�A
�Ö

�#�A
���e��

•
�-�H

�Ö
�#�;�I

�Q
�N

�B
�B�H

�ƒ�Ã
�´�…

�•�Ã
���B

�Q
�W

�B
�d

�H
�ƒ�Ã

�´�£
�Ã

���B
�H

�ü�H
���³�+

�ã
�)�!�Ö

�}	H
�%

�*�E
�b�e��

•
�D

�P
�P�I�H

���³�B
�D�P�H

	x�³�H
�{�W

�I
�1�/�3�o�n�B

�j�Ã
�1�@

���e��

•
���³�+

�ã�H
�¬

�ã�I��
�Q

�N
�B

�B�Â
�›�™

�®
�Ä

�Ë
�¡�A

�Ï
�1�&�þ
=

��
�Q

�W
�B

�d
�Â

�›�™
�®

�Ä
�Ë

�¡�A
�Î

�1�&�x�&
�B

�D
�e��

•
���³�+

�ã�E
�b�e�Ö

�}	H
�%

�Ð
�z�H

�'� �~
�Ð

�d�I
�\�N

�B
�B

�^�0�\
�W

�B
�d�^�>

�4�0�3
�A

���e��

•
�Q

�W
�B

�d
�H

�æ
	Š

�Ë

r�I

�Q
�N

�B
�B�E

�b�d�1�'�)�Ò
�£�l
��+

��
�Q

�N
�B

�B�H
�º�Ã

�d�E
�d�•�1�@

���e��



8

�:�:�: �:
�Ö

�æ
�W

�K
�þ

�Ö
�æ

�W
�K

�þ
�Ö

�æ
�W

�K
�þ

�Ö
�æ

�W
�K

�þ
�;�;�; �;

1H
�ñ�Ò

	¶�ü
�Ö

�#�D
�c�ù�³�u�*�}���E


]�1���u�+

�Ö
� �D

�q�Ö
�#�D

�c�S
�H

�u

A
sano et al. P

olym
. J. 1992, 24, 555-562.

PC
/PM

M
A

�H
�•

	Ò
�#

�=
45�N

PS/PV
M

E
�®

�Ä
�Ë

�¡

A
sano et al. P

olym
er, 1994, 35, 5630-5636.

�=
�Í�Ì�N

�H
�ñ�Ò

	¶�ü

�š9æ
PS

�˜9æ
PV

M
E

�š9æ
PS

�˜9æ
PV

M
E

140�N
�A

2�æ
�ü
Î
\�Q

�1�9�ƒ��
-10�N

�A
�÷

�öA
sano et al. P

olym
er, 1994, 35, 5630-5636.

hom
ogeneous phase

PV
M

E

PS

�‘�¬
�Ë

�•	n�&
�3�-�c�D

��
�*�¡�¹�|�Ë

�&
�1�'���H

�A
�+

�Ö
�æ

�W
�H


]�"�K
�þ�A

�I
�Ž

���H
rich-�¡�¹�|�Ë


¤�Ð
�A

�I�‘�¬
�Ë

�•	n�I
�3�-�e��)

/
exp(

)
1(

)
/

exp(
)

(

)
/

exp(
)

1(
)

/
exp(

)
(

S1
SPV

M
E

E1
EPV

M
E

PV
M

E

S1
EPS

E1
EPS

PS

T
T

M

T
T

M

t
c

t
c

t

t
c

t
c

t

-
-

+
-

=

-
-

+
-

=

0PS EPS
EPM

V
E

0PS

EPS
EPS

)
1(

,F

×
F

-
= F

×
F

=

r

r

c c

�Ö
�æ

�W
�K

�þ�H
�ñ�Ò

�%
�¹



9

�š9æ
PS

�˜9æ
PV

M
E

140�N
�A

1�æ
�ü

�æ
�ü

�æ
�ü

�æ
�ü


Î
\�Q
�1�9�ƒ��

-10�N
�A

�÷
�ö

�š9æ
PS

�˜9æ
PV

M
E

�š9æ
PS

�˜9æ
PV

M
E

140�N
�A

2�æ
�ü

�æ
�ü

�æ
�ü

�æ
�ü


Î
\�Q
�1�9�ƒ��

-10�N
�A

�÷
�ö

�=
�Í�Ì�N

�H
�ñ�Ò

	¶�ü

A
sano et al. P

olym
er, 1994, 35, 5630-5636.

�Í���µ�Â
�¶���®

�Ä
�Ë

�¡

�Î���µ�Â
�¶���‹�Ë

�µ�•�›� 
�Î���µ�Â

�¶���‹�Ë
�µ�•�›� 

�Î���µ�Â
�¶���‹�Ë

�µ�•�›� 
�Î���µ�Â

�¶���‹�Ë
�µ�•�›� 

�*�µ�Â
�¶���§�|�®

�Â
�›� �+

�*�µ�Â
�¶���§�|�®

�Â
�›� �+

�*�µ�Â
�¶���§�|�®

�Â
�›� �+

�*�µ�Â
�¶���§�|�®

�Â
�›� �+

�:�:�: �:
�µ�Â

�¶�����«�%
�­�{�Á

���*
Ô

>

�×
�ä�+

�;
�µ�Â

�¶�����«�%
�­�{�Á

���*
Ô

>

�×
�ä�+

�;
�µ�Â

�¶�����«�%
�­�{�Á

���*
Ô

>

�×
�ä�+

�;
�µ�Â

�¶�����«�%
�­�{�Á

���*
Ô

>

�×
�ä�+

�;

PV
A

/clay ��
nylon6/clay�¢�¦�‹�Ë

�µ�•�›� 

+
C

lay

P
olym

er

m
elt 

blending
in-situ 
polym

erization

Intercalated
Intercalated D

isordered
E

xfoliated



1
0

C
lystal Structure of C

lay
(M

ontm
orillonite)

: A
l, Fe, M

g
: O

H
: Si (partially A

l)
: O

E
xchangeable cations

Side
V

iew

B
ottom

 V
iew

50nm 1nm


��Ÿ
�E

	r
D
�/�f

�e�º�Ë
�º�Â

�Å
�¢

�|� �Ž
�H

A
l�^

M
g

�z�~
�E

�I���$�S
�U

�C
Fe

3+
�|�‚�Ë

�&
�~

�ß
�1�@

	�
À
�1�@

�e��

Fe
3+�I�‘�¬

�Ë
�Ñ

���Î
�A


Á
	½

�;�A
���e��

&
<

�ï
�B
1�ñ#Û

�H
2Õ

B
_B

eB
®

B
è

Fe
3+B

é�=
�÷

2‚
B

+PV
A

 1H
'-�z�(4F

B
1�ë�Ë


2��

1H
'-�z�(4F

B
1�ù�o

•&
<

�ïB
1�½

�”�H

•�Ù
�'�§ ¸B

1�½
��

•B
•B

®
B

•B
¥B

¨B
…

B
_B

ƒB
1

Fe&
µ�‘B

1
M
�ù

•B
•B

¦B
•B

dB
¨B

sB
·.���

T
1 H

C
P

C
P

180:æ
90:æ

1H

13C

dec.

C
�

C
�

C
�

C
�.\�±
.\�±
.\�±
.\�±

C
�

C
�

C
�

C
�B

˜B
¥B

™
B

·B
ú

�Ó
�A

�H
B

1C
�C

�C
�

�z�6&
•+

Ž
B

ú�b�K
B

�B
V


{�3
[96m

ol%

•
�

]                               
D

P=400C
>600B

èM
n »22000$Ÿ

�2B
é

B
èCH

2 -C
H

(O
H

)B
én

B
˜B

¥B
™

B
·
�B

.&
<

�ï��B
��½

�”B
�B

"B
pB

®
B

’B
¦B

U
!ª�çB

�B
N

A
ï

&
<

�ïB
úB

•B
®

B
•B

¥B
¨B

…
B

_B
ƒ

B
è'�B

�B
�B

&
B

"�ï)¡B
éA

îB
pB

˜B
…

B
_B

ƒ
B

è&
•"•B

é

B
jB

†B
šB

ˆ�¿
�:B

èB
jB

†B
•B

]
F, P, W

, B
tB

œ
B

jB
ƒB

®
SA

B
é

B
jB

†B
•B

]C
�B

èB
ñB

é
B

jB
†B

•B
]C

�B
èB

òB
é

B
jB

†B
•B

]C
�B

èB
óB

é
B

tB
œ

B
jB

ƒB
®

C
�C

�

SiO
2

A
l2 O

3

Fe
2 O

3

M
gO

64.4

25.9

3.5

2.4

63.8

24.9

2.7

3.6

63.2

25.0

4.4

2.9

56.4

5.8

< 0.01

33.2

%

70-80=
Ä

B
*C

�C
�C

�
B

U
&

•�Ó
B

.�A
.�

&
<

�ïB
U

&
•�Ó

B
.

�½
�”B

è�Ù
�Ø

�§B
é

B
ë

B
ë

B
ë

B
ë

B
ñ�(4F

$Ÿ
�2�l��

C
�C

�C
�B

•B
^B

¦B
›

PV
A

/saponite=
100/10

PV
A

/m
ontm

orillonite
=100/10

B
hB

žB
tB

ƒ�ß
A

îB
•B

^B
¦B

›B
U

B
ó�ã4F

80=
Ä

B
*#�$è
G

�ÎB
è
G

�Î.\�±
B

é



1
1

10
20

30
40

50

PV
A

 film
(100) + 

clay-1(10) pow
der

PV
A

/clay-1=100/10 com
posite

m
ontm

orillonite clay-1

PV
A

 

 

Arbitrary

2q / deg

*

*
* *

PV
A

B
11015Y

C
�C

�C
�B

Œ
B

zB
·B

®
C

�C
�C

�B
ï&

<
�ïB

nB
®

B
˜B

sB
~

B
ƒB

1B
’B

¨B
Œ

B
•B

^
PV

A
 + m

ontm
orillonite

�²"›B
.�_�oB

-B
E

B
		ûB

'B
1&

¿
�O

"ç

50
100

150
200

250

PV
A

:clay

100:10

100:8

100:4

100:2

100:1

PV
A

T
g

5 m
W

��

��

Arbitrary

T
em

perature / °C
180

200
220

240
260

100:4

P
V

A
:clay

100:100

100:30

100:20
100:10

100:8

100:2

100:1

P
V

A

 

T
em

perature / °C

B
jB

†B
•B

]C
�B

è
clay-1B

é

O
gata, K

aw
akage, O

gihara, 
J. A

ppl. P
olym

. Sci., 1997, 66, 573.

Straw
hecker

and M
anias, 

C
hem

. M
ater., 2000, 12, 2943.

T
. T

anigam
i et al., 

E
ur. P

olym
. J., 1999, 35, 1165. &

 
P

olym
er, 1994, 35, 1970.

syndiotactic PV
A

 [s(66)-PV
A

]

diad(r) : 66%
,  triad(rr) : 43%

 

atactic
PV

A
 [a(55)-PV

A
]

diad(r) : 55%
,  triad(rr) : 30%

 

T
m

= 250ëC

T
m

= 228ëC

a(55)-PV
A

s(66)-PV
A

PV
A

/B
pB

˜B
…

B
_B

ƒB
1

D
SC

B
fB

·B
‘

50
100

200
250

P
V

A

100/1

100/2

100/4

100/10

100/8

:w

:w

Arbitrary

T
em

perature / °C B
•B

®
B

•B
¥B

¨B
…

B
_B

ƒB
ú

100-2000nm

B
pB

˜B
…

B
_B

ƒB
ú

10-100nm
1�4&

8�6�Ø



1
2

0
200

400
600

800
1000

0.0

0.2

0.4

0.6

0.8

1.0

 

 

 PV
A

 100/1
 100/6
 100/10

Normalized Weight

T
em

perature / °C


G
�Î�ß

B
è80=

Ä
B

*#�$è
G
�ÎB

ó�ã4FB
é

200
400

0.2

0.4

0.6

0.8

1.0

 

 

 

�²�_�o�H
B

è&
<

�ïB
1
2��B

é

P
V

A
/B

•B
®

B
•B

¥B
¨B

…
B

_B
ƒ

B
•B

®
B

•B
¥B

¨B
…

B
_B

ƒ
B

•B
®

B
•B

¥B
¨B

…
B

_B
ƒ

B
•B

®
B

•B
¥B

¨B
…

B
_B

ƒ
B

ú�²"›B
.�_�oB

-&
¿

�O
"çB

1�Â
-Ù

!¢�‘

&
¿

�O
"ç!±

�êB
1,¢.��²B

•B
·B

jB
èC

�C
�C

�B
é

B
òB

óB
õ=

Ä
1-�±

B
èB

eB
¥B

sB
…

B
¦B

ýB
òB

òB
õ=

Ä
1-�±

B
é

C
�C

�C
�B

1�½
�6�]A

î�½
�64F

�Ó
&

›&
¿

�'
B

U
B

jB
§B

_B
�4–�‚B

�B
N

B
èC

�C
�C

�B
é

P
V

A
/B

pB
˜B

…
B

_B
ƒ

B
pB

˜B
…

B
_B

ƒ
B

pB
˜B

…
B

_B
ƒ

B
pB

˜B
…

B
_B

ƒ
B

ú�²"›B
.�_�oB

-&
¿

�O
"çB

� ûB
O

B
-B

�
B

è5V
�ñB

.�Ë
B

-B
�B

é

�Õ

Õ

C
�C


C
��:B

�B
LA

îB
K

B
M

.f&
¦B

-�t1g�±
�Ž

PV
A

/clay : �ˆ��B
.

E
xfoliate A

��B
nB

®
B

˜B
sB

~
B

ƒB
�
Þ

�‘��(»

C
hem

ical S
hift/ppm

100
90

80
70

60
50

40
30

S
L

=
0.1us

S
L

=
7m

s

C
RN
C

�Õ

Õ

7��½
.�(»

13C
 N

M
R

 B
è&¿

�O

{�2B

é

SL

90ë

C
P

C
P

dec.
1H

13C

PV
A

dry-film

C
P:100ms

1H
B

1T
1r HB

143B
�B

�&
¿

�O
"ç

B
+

5V
�O

"çB
*�B

%
5B

.1‘B
	B

�B
+

B
U

�Ñ
!ªB

�B
)A

î&
¿

�O
"çB

+
5V

�O
"çB

U
B

tB
•B

jB
ƒB

¦
�B
*�½

5�

SL
=0ms     

SL
=7m

s

�™
�Á

C
>

�™

 �Á

B
1B

¦B
·B

’

C
H

2
C

H

C
hem

ical S
hift/ppm

1
00

8
0

60
40

C
hem

ical S
hift/ppm

100
80

6
0

40

m
ontm

orillonite-1

PV
A

100/1

100/4

100/10

PV
A

/clay
C

R
N

C

I

II
III



1
3

C
hem

ical Shift/ppm

100
80

60
40

C
hem

ical Shift/ppm

100
80

60
40

saponiteB
è�'�‘&

<
�ïB

é

C
R

N
C

C
hem

ical Shift/ppm

100
80

60
40

C
hem

ical Shift/ppm

100
80

60
40

m
ontm

orillonite-1

PV
A

100/1

100/4

100/10

PV
A

/clay
C

R
N

C

&
¿

�O

{�2B

è.‹�Å
±

B
õB

æ
B

é

PV
A

      100/1        100/2       100/4       100/8       100/10

B
•B

®
B

•B
¥

B
¨B

…
B

_B
ƒ

B
pB

˜B
…

B
_B

ƒ

B
öB

ñB
æ B

öB
òB

æ
B

öB
òB

æ
B

öB
ðB

æ
B

õB
ùB

æ
B

õB
ø

B
æ

B
öB

òB
æ

B
öB

òB
æ

B
öB

ñB
æ

B
õB

ùB
æ

B
õB

ø
B

æ

&
¿

�O

{�2B

.��
{B
-B

�
B

ú&
<

�ïB
1B

˜B
¥B

™
B

·
�B
;B

1�½
�”B

2

&
¿

�O
"çB

1�‘43B
U

�yB
�B

-B
�

&
¿

�O
B

•B
·B

jB
.��
{B

-B
�

B
úB

ò$³6�B
1&

¿
�O

"ç!±
�êB

2A
î1b�ñB

1

B
ñ�4�0B

tB
•B

jB
ƒB

¦B
*B

2-ð�ùB
*B

�B
-B

�A
ï

C
�C

�C
�
±


Õ
B

+
�§B

<
B

)

PV
A

 (dry: vacuum
 3days at 80ëC

)

PV
A

 (w
et: as-cast &

 before vacuum
)

T
1 H

: 15.5 �
0.3 sec

T
1 H

:   3.2 �
0.1 sec

as-cast film

vacuum
 

3days at 
80ëC

�Õ

Õ

C
�C


C
�

B
pB

®
B

’B
¦%

¤B
hB

žB
~

B
’B

U
B

+
B

&
B

)

vacuum
 

0.5-1days 
at 80ëC

C
�C


C
��ù�o

)
exp(

)0
(

)
(

H1
H1

j
j

×
-

×
=

b
T

T

0
2

4
6

8
10

0 2 4 6 8 10 12 14 16

:w
:w

 pva/m
ontm

orillonite-1
 pva/saponite
 pva(dry)

T1
H / s

w
eight of clay against PV

A
 (

j) / %

b
: &

<
�ï1w

t%
�°B

"B
M

B
1Fe

3+

B
.B

K
B

NT1 H�oB
1�ë�Ë


2��

)
)

02
.0

35
.0

(
exp(

)4
.0

5.
15
(

)
( H1

j
j

×
±

-
×

±
=

T
•

clay-1 :

0
2

4
6

8
10

0 2 4 6 8 10 12 14 16

:w

:w

 pva/m
ontm

orillonite-1
 pva/m

ontm
orillonite-2

 pva/m
ontm

orillonite-3
 pva/saponite
 pva(dry)

T1

H / s

w
eight of clay against PV

A
 (j) / %

)
)

02
.0

31
.0

(
exp(

)4
.0

4.
15
(

)
( H1

j
j

×
±

-
×

±
=

T
�

clay-2 :
)

)
02
.0

46
.0

(
exp(

)4
.0

3.
15
(

)
( H1

j
j

×
±

-
×

±
=

T
>

•clay-3 :



1
4

2.0
2.5

3.0
3.5

4.0
4.5

5.0
0.20

0.25

0.30

0.35

0.40

0.45

0.50

:w

:w

 clay-2
 clay-1
 clay3

b [/weight of clay (wt%)]

Fe
2 O

3   / %

b
factor B

+
&

<
�ï
�B

1FeB
èFe

2 O
3 �µ%

šB
éB

+
B

14P
�%

�º�Ã
�­�•�Å

�•���\�]
�º�Ã

�­�•�Å
�•���\�]

�º�Ã
�­�•�Å

�•���\�]
�º�Ã

�­�•�Å
�•���\�]

�*
nylon6/m

ontm
orillonite�+


Ô

>

�Ä


Ô

>

�Ä
�E

�Ã
��

�+

•�Ö


Ô

>

�Ä
�%

�c�W
�f�9�B

�-�g�E

D

�<
�e�+


•�Ö

�{�W
�	

�‡�Ä
�|�™

�Â
�E

�‡�Ä
�|�™

�Â
�E

�‡�Ä
�|�™

�Â
�E

�‡�Ä
�|�™

�Â
�E

�Ã
���‘�¬

�Ë
�Ã

���‘�¬
�Ë

�Ã
���‘�¬

�Ë
�Ã

���‘�¬
�Ë

�‡�Ä
�|�™

�Â
�%

�c
�‡�Ä

�|�™
�Â

�%
�c

�‡�Ä
�|�™

�Â
�%

�c
�‡�Ä

�|�™
�Â

�%
�c

�ÿ���‘�¬
�Ë

�ÿ���‘�¬
�Ë

�ÿ���‘�¬
�Ë

�ÿ���‘�¬
�Ë

�Ê
���A

�'�e�


�c��
�c��
�c��
�c��

T
1 H

�¢�|�Å
�Ë

�Ò
�‚�Â

�•�¢�Ã
B

1T
1 H

1H
 �‘�¬

�Ë
�•	n

a

75M
H

z
(nylon6)

C O
N H

2 3

4 5

6
1

aggg gggg g

3,4
5

2
6

3

4,5

2
6

C
R

 Spectra

a
/g

a
/g

g
g

a
a

a
g

B
-L

2

B
-M

1-a

IS-M
3

V
anderH

art, A
sano, G

ilm
an, C

hem
istry of M

aterials, 2001, 13, 3781 &
 3796

�¢�¦�‹�Ë
�µ�•�›� �H

�+

•�;

�¢�¦�‹�Ë
�µ�•�›� �H

�+

•�Ö

�H
�‘�²�‡� �Ã

30%
­­­ ­



1
5

50-
70nm

ca. 1nm

N
ylon6

N
anocom

posites

ca. 1nm
6nm

  9nm �º�Ÿ
�Ã

��
�¢�|�Å

�Ë
�Ò

�B
�‡�Ä

�|�H
�z�~

�þ�ø
�)�!�U�2 �I�!�l�(�ð�3�e�‘�¬

�Ë
�•	n�H

�`�f
�*

�q
•�%
�c�+


•�R
�H

�‘�¬
�Ë

�•	n

�‡�Ä
�|�%

�c�¢�|�Å
�Ë

�Ò
�R


Á
	½

�;
�G

�f �4�,�H
�Ò

�£

�‡�Ä
�|

B
jB

§B
_�=

2‚
B

�B
L�Þ

B
D

B
"

.�%
š�o

a
a

D
om

ain Size of C
R

 &
 N

C

0.00
0.02

0.04
0.06

0.0

0.2

0.4

0.6

0.8

1.0

-- 0.1

0.3

0.5

0.7

0.9
 T1xz (t=3.4us)
 T1xz (49m

s)-12us-T1xz

Intensity

t (s)

0.00
0.02

0.04
0.06

0.05

0.10

0.15

0.20

0.25
  t = 12m       

  t = 4m
s

  t = 122.5m   
  t = 9m

s
  t = 1m

s       
  t = 49m

s

Intensity

t (s)

0
2

4
6

8
10

0.0

0.2

0.4

0.6

0.8

1.0
 nylon6
 nylon6/L

aponite (5298)
 Treated Laponite clay

DMs(tsd)

tsd 1/2(m
s

1/2)

 
     [ f(tsd ,n) - f(tsd ,0))]      f( 12m ,0)

D
M

s (tsd ) =     
   ×

    [f( 12m ,n) - f(12m ,0)]     f(tsd ,0)

· B
ased on a lam

ellar m
odel of SD

, D
=0.7nm

2/m
s,

C
rystallinity (fc )=0.4, and the extrapolation of the

slope (3.8m
s

1/2) gives L
 (C

R
+ N

C
 spacing) = 15nm

and C
R

 thickness=6.0nm
.

· L
ong spacing (L

) is not sensitive to either
annealing or the presence of clay

(add/sub)

0.0
0.2

0.4
0.6

0.8
1.0

1.2
1.4

1.6

1

ggg g crystal
aaa a crystal
am

orphous

(M0 - M(t)) / M0

t (s)

0.0
0.2

0.4
0.6

0.8
1.0

1.2
1.4

1.6

1

Indirectly obtained
1H

 I.R
. relaxation 

for unannealed IS-M
3

g crystal
a crystal

(M0 - M(t)) / M0

t (s)

�º�Ë
�º�Â

�Å
�¢�|� �H


Á
	½

�;�l�L�%
�1�9

�÷
�0�ù

�+

•�H

�º�Ã
�­�•�Å

�•���\�]

�ù�+

•

�H
�ñ�Ò

�I�ø
���&

��
�÷�+


•
�B

�q
•�H
�ñ�Ò

�I�¢�|�Å
�Ë

�Ò
�H

�ñ�Ò
�ø


=
�B


s�2��

�&

¿
�O

B
1'-�z1f�2B

.�Å
B

�
�uB

�B
+

B
�B

	B
�B

+
B

2A
î
�(*B

1
B

jB
§B

_B
.�»B

�B
N

"ç�»����
Ï
'ÎB

2�+
B

�B
+

.�B
�B

N
A

ï
<

M
A

î<
O&¿

�O
"çB

+
5V

�O
"ç

B
+

B
14F

B
*'-�zB

���-'B
.

1•B
�B

)B
�B

N
A

ï

�z�£���Â
�Ë

�ˆ
�œ

�z�£���Â
�Ë

�ˆ
�ƒ

ggg g
ggg g

aaa a

�q
•�µ�Â
�¶���Ð

�z

�ñ�Ò
�¬

�Œ
�H

�•�·�½
�Ä

���•�¿
�Ë

clay
clay

�H
�ø

�/
��

1H
�‘�¬

�Ë
�•	n�ø

�$�*
D

=0.7nm
2/m

s�+

�H
�ñ�Ò

	¶�ü��
Fe

3+�H

Á

	½
�;�H

�˜�6�A
�q
Á

�E
�Í��

�ñ�Ò
	¶�ü�E

�D
�=

�@
���e�€�–



1
6

	!
]��
aaa a

��
ggg g��

�q
•�Ö
�I
s�2�_�æ

�‘
=

180��
���;	¶�ü

��
90�©

�Ã
�‘�H

�ü�A
�_�æ

�‘
=
�&

���'

ggg g
ggg g

aaa a

]�"

Ç

� 

tm
s�ƒ�H

�Ž

$�E

�$�+
�e

�¬
���‡�‘
=

1) �{�W
x

�l
100-130
]�æ

2) 	!
€��	s	¶�ü�*�Í�‘�ž�›�¯�+
�l

<dx>
2=2D

t�b�d�e�[�e��

3) tm
s�ƒ�H

�_�æ
�u�l�0���–	Æ

�b�d�e�[�e��

	!
€�{�W
dx

1/T
P

�{�W
��

x
nm

1/T
1 nylon6

�÷�+

•�B

�ù�+

•�H

�º�Ã
�­�•�Å

�•�����ñ�Ò
�¬

�Œ
�H

�$�u�\�]

�Á
�¹�Á

�¹�î�l�(�ð

�$�u�\�]�E
	€�%

�1�9���$��
(1) �Ù

���H

Á

	½
�;�T


$�H
�ñ�Ò

�ø

=

(rh ) 
(2) �‡�Ä

�|�Ä
�ü�H

�<
�æ

�H
�¿

�/
C

8

�ð�$�B
�1�@

�x�&
�H

�u�l	€�%
��

D
=0.7nm

2/m
s, h=0.4nm

, 
Percentage of g

= 26%
, 

T
1 H

of N
ylon6= 1.645s 

0.0
0.2

0.4
0.6

0.8
1.0

0.1 1

23.25m
s of T

1 H

(param
agnetic source, 0.4nm

)

clay

24.5nm

a
a

g
g

a-crystal
g-crystal
non-crystal
a-crystal(calc)
g-crystal(calc)

[M0-M(t)]/M0

t (s)

0.0
0.1

0.2
0.3

2 

A
:w:w:w :w sim

ilar:w:w:w :w lam
ellar:w:w:w :w m

od
el:w:w:w :w d

oes:w:w:w :w N
O

T
:w:w:w :w fit:w:w:w :w

th
e:w:w:w :w d

ata:w:w:w :w for:w:w:w :w th
e:w:w:w :w u

n
an

n
ealed

:w:w:w :w sam
p

les.

	!�\�–�%
�c�1���¢�|�Å

�Ë
�Ò

���‡�Ä
�|�¢�¦�‹�Ë

�µ�•�›� �H
�º�Ÿ

�Ã

aaa a
:w:w:w :w crystal

ggg g:w:w:w :w crystal

clay:w:w:w :w layer

B
efore A

nnealing
A

fter A
nnealing

Injection M
olded:

relatively rapid cooling

	!
]
�ù�+


•
�&

�‡�Ä
�|�™

�Â
�E

�ù�Ð
�E

�<
�¿

�1��
�÷�+


•
�I

�Ä
�ü�E

�•�f�@
�Á

�Ë
�˜�¸�E

�<
�¿

�3�e��
�÷�+


•
�B

�ù�+

•

�H
�‡�Ä

�|�Ä
�B

�H
�ù�³�{�W

�I
s�þ
=

�z�£���Â
�Ë

�ˆ�ƒ�A
�I


Î�p�ð�;�E
�ù�f�e

�÷
�+


•
�&

�<
�¿

�3�e�=
�Â

���ù�+

•

�I�‡�Ä
�|�™

�Â
�Ã

�M
�A

�H
�Y

��	9
�A

�'�e��

6nm

6nm

37 nm

�:�:�: �:
C

lay�B�B�B �B
polym

er�H
�Ö

�}	H
�%

�*�n�Â
��

�H
�Ö

�}	H
�%

�*�n�Â
��

�H
�Ö

�}	H
�%

�*�n�Â
��

�H
�Ö

�}	H
�%

�*�n�Â
��

intercalation �H
���«�+

�;
�H

���«�+
�;

�H
���«�+

�;
�H

���«�+
�;

PS-b-PE
O

�‹�µ�Â
�¶��

�<
�°�‡� �Á

�|� 

(b)
(a)

H
ou, et al.,M

acrom
olecules, 2003, 36, 2769-2776.


