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Abstract − Reverse micellar properties have been studied by using a percolation phenomenon. Solubilization of non-ionic

polymer into reverse micelles by the injection method and its effect on the percolation phenomenon could be easily evaluated

by the measurement of electrical conductivity. The percolation phenomenon is found to be a convenient measure of interfacial

properties of reverse micelle solubilizing various polymers, which clearly reflects the polymer-micellar and micellar-micellar

interactions, and so the percolation phenomenon should also be useful for predicting various interacting effects of solubilized

polymers or proteins. The percolation phenomenon were dependent on the kinds, concentration and molecular weight of sol-

ubilized polymers. It is also suppressed with decreasing in chain length of alkane solvent and the temperature of solution.

Accordingly, the percolation phenomenon should be a convenient measure to predict and estimate interaction effects in reverse

micellar systems of solubilized polymers or proteins.
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� ���� ��  !"� #$��� %&�', ()* �, +, -

./ �� ���0 1���� 2�3���� 456 ()�', ��

�� ���0 5,7� 08 9:;< +,�=> ?.@A B�0

waterpoolC ��*D.�EF ��@AG �� �(reverse micellar sys-

tem) H� I�J��KL �0 �� � MN�> O�P0 water-

pool Q� D	* RS /?�T U!VW X Y� Z[� YD. -.

/ �:* �� �� \] ^_ H� ^	"��=>0 5`
0 a

b #cd[1-8], ]eT f* eX� gh #cd[9-11] -./ giS

j�k� l0 �Z� mn[12, 13]T op� qi �!@/ YD.

-:M 5`
 abC f* �� �0 �!� ������ 08 5

`
� r�@� s/, 5`
t � u0 �vw!� xy zW {�

� �ab|� }~6 �e�� ���C (/ YD. ��� ]t��

abC f8�� 5`
t � u0 �vw!, �6 )���, eX�,

B�� -./ 
V� �vw!C �A�� �� ��* ����D

[8, 14]. �:* �vw!� ��  ��0 ��t ��* ��U YD.

_��_� �� �0 ��C ���� f8, y� �i(phase diagram)

U �!@A �D. �_o �i0 w�� #ut �4* �� q�>

U ���', �X* �� �0 )� ���� ��0 ��� 4*

��* )�T ���_ �*D. -:��, � �� �� �0 ¡¢£

�¤ }��� ��0 ��C ���/� �� �\* ¥BU G¦@

/ YD.

¡¢£�¤ §�¨c� �� �0 �� �ii ©)ª�� sF )

«V¬ X YD. �� �ii ©)ª� �� �0 B�T ­U, H�
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�:* �� ��� ,AM� B��� rVT a©�� f8 �!@

A_/ YD[15-18]. �� �ii0 ®¯* °U� ¡¢£�¤ }��

08 ,AM', � ¡¢£�¤ }�� � t � u0 �vw!C ±

²&�/ YD. ��� ,g���, B�0 ��³� Y� �� �0

¡¢£�¤� �� �́ ��³ ��ST ��* µt, ��¶S(charge

carriers)U �  O�T ·¸F �¹(hopping)�� �� 08 �� �

iiU °U�� ��� �8@A_/ YD[17]. �� �0 ¡¢£�¤

}�� ºX»(Wo) H� ¼iT rV#½��� sF ¾AGD. � 0

��S B�� ¡¢£�¤ #\� ¿� �� �iiT ®¯6 °U#

ÀD. <�� ¡¢£�¤ #\�� ��  ��³� ��ST �Á�

#w�� _�C U.ÀD.

-:M �� � U!V@� �
� 08 JF Â�
 X YD. D#

Ã8 ¡¢£�¤ #\�� �� Q� U!V@� �
(5`
 l)� 0

8 rV@A 
 X YD� ��D. �:* µt� U!VÄ 5`
�M

/?�� �  ��t0 �vw!� 08 ¡¢£�¤ }�� Å��F

rVºC 0�*D[19, 20]. /?��� #Æ�Çc�È� 	¹�� ��

É	C �/ Y��� - Q=� DÊ �
C X!W X Y� �Z�

�
�D. /S�� {�� "� �
C X!* ?Ã ËÌ�M Ín�

o´ Xi YD. -:�� ËÌ, ÎÌ �Ï ?Ð�� Ñ. O!@/ Y

D. � �0 �8 �
0 �Ò, ÓÔ� Õ0 �! �
0 Ö×, �Ï x

�NØ�M 5`
0 ÙÚ�� ?.ª� �!�� f* ¥BU �BÄD.

Û ¥B��� �  ��t0 )��� �vw!� Ü#W X Y�

#Æ�Çc�È l0 ÝÞ� /?�T �� Q� U!V�<, � t

� u0 �vw! ß U!VÄ /?�� �  ��t0 �vw! l

C ¡¢£�¤ }�C à�< áâ�ãD. -./ �� 0 ¡¢£�¤

}�� �ä� ¼i� �� !�0 åÍ� 48�i �O�ãD.

2. ����

2-1. ��

��  ��T f* ������� AOT(sodium di[2-ethylhexyl] sul-

fosuccinate)T �i 95%0 Waco Pure Chemical Industries, Ltd.(Osaka,

Japan)O�T )� æ� -4� O!�ãD. U!V * /?� �
�

Ý�¼��� �iU $$ 97%���� α-, β- -./ γ-Cyclodextrin

[α-CD(M.W.=972.85),β-CD(M.W.=1135.00)ß γ-CD(M.W.=1297.14)]�

Waco.O�T,H* Ucon 50-HB-400(Ucon400, M.W.=1500)t Ucon 50-

HB-5100(Ucon5100, M.W.=4500)� Ucon Carbide Chemicals and Plas-

tics Company Inc.(New York, U.S.A.)O�T $$ O!�ãD. !��

� n-hexane, n-heptane, iso-octane, n-octane, n-nonaneß n-decaneC É

ç WacoO�T )�æ� -4� O!�ãD.

2-2. ��

�� �(reverse micellar systems)0 �� �ii� TOA Electron-

ic Ltd.0 �� �i� CM-40 V� `� �Þ�� ºX«(Wo)t ¼i0

ºX� ©)�ãD. ���ª� Fig. 1(a)� �� è¼� Q� �� 

!"C Öé #��C ²ä* ¿ #��Q� �ÞC yê*D. 200 mM

AOT/isooctane !"� yêª�� /?�T º�* H� º��_ ë

� !"C yê��� ¡¢£�¤ }�� ,Aì {�_ �� �ii

0 rVT �í�ãD. Éî ��  !" ïð� �ii ©) �ñ �

��� 5,��ò/ #$��� %&óD.

�{ �� �ii0 rV� Fig. 1(b)� iË��� MÏô �õö

!" �0 �� � ()�F ÷m�� øù�� � 0 ºX«� °

U8i ú� �iiT �_*D. -:M ºX«� ,)* û ����

iÂ�� �� �iiU ®¯6 °U*D. ��� � t � u0 �

vw!� °U�< Ò4* �  ��S(cluster)0 ��� 0* ���

R$ÄD[17]. �iiU ®¯6 °U�� #\��� )0@A_� ¡¢

£�¤ #\�� Fig. 1(b)� �� ü6 φp� ©)@', Ýý* ��´

� /?�0 U!V� þÿ�0 �U l� 4�< \�Ä ÓU YD

[21-23]. Û ¥B��i ¡¢£�¤ #\�� �iiU ®¯6 °U��

#w�� _��� )0�', φp.p� φp� /?�U U!V@òC {�

U!V@_ ë�C {0 ¡¢£�¤ #\���0 �  !"t yêª

� 08 yêÄ X�0 =�Ý[φaq=Vaq/(Vorg+Vaq)]T 0�*D.

!�� 0* ¡¢£�¤ }�0 rV� ,) ¼i�� !�U DÊ

$$0 �� �� yêª�� °�XT yê�< ¡¢£�¤ }��

,Aì {�_ - rVT �í�<, !�0 �� rVU � u �v

w!0 rV� � 0 ()�� �ä� åÍC �O�ãD. !"0 ¼

iU ¡¢£�¤� �ä� åÍ� �* ��� $$0 ¼i�� �#

yêªC �!�< ¡¢£�¤ }�� ,Aì {�_ - rVT �í

�ã�', ¡¢£�¤ }�� 4* ¼i0 åÍt � u �vw!0

rVT �O�ãD.

3. 	
 � �


3-1. ��� �	
� �
�� ����� ����

�� Q��0 #Æ�Çc�È(�� CD)0 U!VU �� 0 ¡¢

£�¤ }�0 rV� �ä� åÍC �O�ãD. Fig. 2, 3 ß 4� É

ç ?ØÄ ��� /?�T º��/ Y� AOT/isooctane/water �K

L��0 X�0 =�Ý0 ºX φaq[=Vaq/(Vorg+Vaq)]� 4* �� �i

i κ0 rVT MÏô ��µt�D. �´ µt� <: U_ y�W

o* �	C ��D. ,g��� κ� 4* φaq� Éç �� �ii }

�C MÏQ/ Y�', γ-CDT U!V�_ ë� �ñ0 �� �� 4

* )��� ¡¢£�¤ #\�� 8
�� =�Ý φpT ���� γ-

CD0 U!V� 0* ¡¢£�¤ #\�� 8
�� =�Ý φp.p0 r

VT i#* µt� Fig. 2� �D.

Fig. 1. Schematic diagram of (a) experimental method and (b) measure-
ment of percolation threshold.
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U!V�� γ-CD0 �iU °Uº� �� $$0 �i� 4* ¡¢

£�¤ #\�� 8
�� =�Ý φp.p� °U�/ YD. � µt� γ-
CD �i0 °U� �� � ´� ��S(micelles cluster)T ����

� -� u �[� �vw!0 �eT 0��/ YD. 
, ����0

�0 !8i(κ� 4* φaq0 rV��0 ¡¢£�¤ #\� φû)U γ-
CD �i0 °U� �� °U*D� O�� γ-CD0 U!V� 08 �

 -� u0 �[� �vw!� �e@A �� �0 ()�� �D °

U*D� �C 0�*D.

g��, Ucon5100C �� �� U!V* øù, Ucon5100 �i0

°U� �� �� �� 4* )��� ¡¢£�¤ #\�� 8
��

=�Ý φpU Fig. 3t �� �e�ãD. ��� Ucon51000 U!V�

0* � -� u �[� �vw!0 °U� �0 !8iT �e#�

�� �0 �()�C °U#ÀD� �C 0�*D. �/Ä ��� �

¸� ��  ��t �vw!� z* /?�(5`
, Cytochrome c)�

U!V� 08 ¡¢£�¤ }�� �GÄD/ ²&�/ YD[18, 19].

Fig. 4� �� �� ()� ]tU Y� DÊ /?�´C Ý���

f8 /?�U ´AY_ ë� �ñ0 �� �� 4* )��� ¡¢

£�¤ #\�� 8
�� =�Ý φpT ����, �� �i0 /?�

(α-CD, β-CD, γ-CD)� 4* ¡¢£�¤ #\�� 8
�� =�Ý φp.p

0 rVT áâ�ãD. - µt α-CD(MW=972.85) �D� β-CD(MW

=1135.00), β-CD �D� γ-CD(MW=1297.14)U �� �� 4* (

)V ]tU J', �� �� ()V ]tU Y� /?�´� ?�«

� ÆX� ()V ]tU JD� �C þ X YD. /?�0 �i H

� ?�«0 °U� 08 Ð�Ä φp.p0 rV� �� �� U!VÄ

/?�0 �� ��t ���/ YC ��D. RS /?�0 øù, U

!VÄ 5`
´� �  ��� 08 )���, eX�, B��, -./


V� �vw!t �� �vw!C *D/ Ñ. þ�� YD[18, 24].

¡¢£�¤ #\�t U!VÄ /?�u0 ���� ��T áâ�ãD.

Fig. 5�� � � U!VÄ /?�´0 �i� 4* ∆φp(=φp.p−φp)0

rVT MÏQòD. CD, Ucon0 �i� ∆φp O��� Ù��� �v

��U YD. βû� /?� �i(Cpoly)� 4* X�0 =�Ý0 rV

«(∆φp)0 �³�� )0*D. �  Hong l[18, 22-23]� � Ù���

��0 �³� ûC β� �}�<, /?�0 U!V� 0* �� �0

()�C MÏQ� ���� )0�/ YD. CD́ � ð:c û0 βT
�� g� Ucoń � I��c û0 βT U_� �C � X YD. ð

:c û0 β� �� �0 ()V, H� /?� U!V� 0* � -

Fig. 2. Effects of the γγγγ-cyclodextrin concentration on the percolation
processes of the reverse micellar systems.

Fig. 3. Effects of the Ucon5100 concentration on the percolation pro-
cesses of reverse micellar systems.

Fig. 4. Effects of the molecular weight of various cyclodextrin(CD) on
the percolation processes of reverse micellar systems.

Fig. 5. Effects of polymer concentration on the threshold.
(a) Cyclodextrin (CD), (b) Ucon.
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� u �vw!� �e�', �� �� U!VU �� �� ()V

]tU Y� /?�´� Type A /?�� )0ÄD. g��, I��c

û0 β� �� �0 �()V, H� /?� U!V� 0* � -� 

u �vw!0 °UT 0�*D. �:* /?�´� �� �0 �()

V ]tT �\#�� Type B /?�� )0@/ YD. 5`
0 ø

ù�i ç U_ ��(Type A� Type B)� ÷m�ãD[18].

3-2. ���� ���� �	
� �
��� ���(ββββ)

�� �� ()V ]tU Y� CD́ 0 ¡¢£�¤ #\�� CDU

´AY_ ë� �ñ0 ¡¢£�¤ #\�� 8
�� =�Ý(φp) �D

�� û0 φaq� �¹@ò�', ∆φp(=φp.p−φp)� /?�0 �i O��

� Ù��� �v��U YòD. ()V ]tU Y� CD́ 0 ?�«t

()���� βût0 ��T �O�ãD. Fig. 60 µt� �� βû�
CD ?�«0 °U� �� Ù���� °U�/ YD. � µtT �D

�¨6 ?��� f8�� �� Q0 �0 B�T R$8 � ��U

YD. �� Q0 �� ,g��� Xeµ�� 08 B�T ���� B

�X� -E_ ë� ��X� M� X YD. �� Q� /?�U U!

V@� B�XU °U*D. U!V /?�0 ?�«0 °U, 
 �0 U

!V«0 °U� �:* B�X0 °U� 0* ��� a©ÄD. ���

Hong[18] l� /?�0 �� eX� °U� �� βû� °U*D/

²&�/ YD. *�, /?�0 ?�«� �� øù�i z* �� eX

�C U_� /?�� �D �� B�XT ��� *D. Ucont ��

I��c û0 βT U_� �
� 48�� /?�0 B��� ��t

AOT ������0 ��* �vw! lC /�W ��U YD.

3-3. �����  !"#$� %& 	' () *�� �+� ,-

�� �0 ¡¢£�¤ #\� φp� �ä� !�0 åÍC ��*

µt� Fig. 7t �D. þ  !�0 O!0 "�U #CX� ¡¢£�

¤ #\� φp� �e�/ Y�', U_U Y� iso-octane� n-octane

�D� $% �� φpûC UGD. ��� þ  !� O!"�U "X

�, &&* AOT O!0 ���� �ÁAG �  ��0 ' O��

!� ?�0 (%U A)F @A, � � !� Q�� �()* B�

T �F @� {��D. g�� þ  !�0 O! "�U #� øù�

�, !� ?�U � 0 �� O�� (%�� !��F @' %* (

)* � � ÄD[24]. H* !� ?�«0 °U� �  �� O��0

!�0 (%iU �e�F @', ¡¢£�¤ #\�� �e�� �Í,


 � u0 �vw!� JF ÄD[25].

¼i0 rVU ¡¢£�¤ }�t � u0 �vw!� �ä� åÍ

� Fig. 8t �D. � u �vw!� ¼i� z�F 0÷*D. ¼i0

°U� �Ê ¡¢£�¤ #\�0 �e� �� �0 �()VT 0�

�/ YD. ¼i0 °U� � u0 eX� �vw!� 08 ,AM�

AOT0 �¼V UZ�, �¼ +Ø0 ,f� AOT �� � -. /i

0 UZ� lC °U#ÀD[17]. ¼i0 �e�, � 0 ��S ���

0�@�� ó_o, ¡¢£�¤ }�� ,A1C {0 �4 �ii û

� �eóD. ��� ¼i0 �e� �� u0 eX� �vw!� �

e�� {���/ R$ÄD. -:�� ¼i0 �2� � -� u0 �

vw!C �AW X Y� 3� �ª� 4C þ X YD.

4. 	 �

�� �ii ©)ªC �!* ¡¢£�¤ }�� D	* /?� H�

5`
 l� U!VÄ �� ���0 I�J� ��0 /?�-� , �

 -� u0 �vw! lC Å��/ �.�F ©)W X YD. � ¡

¢£�¤ }�C �!8 /?�� � u0 )��� �vw!� Ü#

W X Y� ÝÞ� /?�U U!VÄ �� �0 ��C �O�ãD.

� -� u �vw!� U!VÄ /?�0 ��� �i� z�F 0

Fig. 6. Effects of molecular weight of Cyclodextrin on the reverse micel-
lar system’s stability, ββββ.

Fig. 7. Effects of the alkane solvent on the percolation threshold.

Fig. 8. Effects of the temperature on the percolation threshold(AOT/
Isooctane system).
���� �38� �5� 2000� 10�
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 I.:

nd
÷*D� �C þ X YD. �� �� U!VÄ CD ?�« °U�

�� �D ()V(β50) @ò�', g�� Ucon0 U!V� �� �

T �()V(β60) #7D. -./ � -� u �vw!� þ  !�0

O! "�� !"0 ¼i0 �e� �� 0�@òD. -:��, � ¡

¢£�¤ }�� /?� H� 5`
� U!VÄ �� ���0 �v

w! ]tT 8©�/ ­UW X Y� �.* 9iU 4C þ�D.

����

[AOT] : concentration of AOT [M]

Cpoly : concentration of synthetic polymer [M]

MW : average molecular weight [ - ]

T : temperature [oC]

Wo : water content, molar ratio of H2O to AOT, [H2O]/[AOT] [ - ]

./�� 0�

κ : electrical conductivity [mS/m]

φp : percolation threshold without polymer [ - ]

φp.p : percolation threshold with polymer [ - ]

∆φp : φp.p−φp [ - ]

φaq : volume fraction of aqueous phase in reverse micellar phase,

Vaq/(Vaq+Vorg) [ - ]

β : stability parameter of reverse micellar systems [lmol−1]

1�

aq : aqueous solution

org : organic phase

p : percolation threshold

poly : synthetic polymer

����
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