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� �

� ����� pH ��� 	
 poly(2-ethyl-2-oxazoline)[PEOx]� poly(acrylic acid)[PAA]� 
��� ��� �����.

PEOx� PAA� �� ��(pH 4.3 ��)��� PAA� 
�� PEOx� ���� 
����  !"# $�%& '��( )

*���. PEOx� PAA +�,-� 
��./� 0,�1 2# 30 456� 786 1 : 1.5�9�, � �:; +�,-<


���� =># .?�� dextran ,-� 
��./& '����. 

Abstract − The properties of hydrogen bonding between poly(2-ethyl-2-oxazoline)[PEOx] and poly(acrylic acid)[PAA] were

investigated. PEOx and PAA formed stable complexes and precipitated due to hydrogen bonding between hydrogen of PAA

and oxygen of PEOx in acidic conditions(below pH 4.3). Optimum reaction ratio of PEOx and PAA was determined as mass

ratio 1 : 1.5 for applications in aqueous two phase system. The mixtures of the polymers formed aqueous two phase system

with dextran solution after breaking hydrogen bonding. This properties can be used for the recovery of a target product.
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1. � �

Polyelectrolytes� ����� ��	
� �
 ��� �� �� �

� ����� ���� ��  !"�� #$��% &'��[1]. (

)�, *+,-� �
 polyacid� proton-acceptor polymer .-/��

01� interpolymer complexes� ��� /2� �
 ��� 3"4 5

�[2-6]. 6 ����� poly(2-ethyl-2-oxazoline)[PEOx]7 polyacid-

[polyacrylic acid(PAA)] �� 8-9:2� ;
 ��< *3�=>?,

pH @A� (� *+,- :2BC� DD� pH�� *+,- EF 

$G�=�. H
, PEOx� dextran7 ��IJ� K2  !
�� *+

,-  L�
 �M� PEOx� PAA .-
N  *2!�O� P
��

QR< *3�=�. PEOx� PAA� �� ��< Fig. 1� RQ�=�.

*2!�O STU B1
V< W
�� X�, �Y� /! Z[\ *


N��� /�� ST! �E�� K] 0//�� ^*� V_ B



 1`a� !� ;
 ��� bc] d3J� e�. PEOx� PAA

� .-
N  !

 fag ��� /� Qhi>a pH @A� (�

!�O :2� ;
 jk  �=�. *2!�O� �2 ���/��

L
27 ST l ���/�! �Y Z[\ 
N>amn 0o/  ^

*�1 p
 S� GLqG! r'
 �s! e�[7]. PEOx� PAA�

.-
N  !
�� *2!�O< �2�t uP /�� �v l pH

@A� �" ���� �wY! xyJz S� GLqG  {| }>

a #�\�(Fig. 2). ()�, PEOx� PAA� *+,-� �
 ~P �

��< ,G� r'� e>�a, �1�� �;P>a ~;� *+,-

  �� � ���� xy�� ���< ,G
 l� pH @A� (�

*+,- :2 EF� ;
 ��< �=�. !�
 ,7< �;a PEOx/

PAA O� pH< ���� *+,-  L�
 l� dextran7 !�O<

�2�=�, jLa 1E2 �I�w� |�� cyclodextrin homologues

(CDs) & β-CD� �v K2  ���=�. CDs� 0o7 �Q� �v

� �E��� s�� ~��z *2!�O��� 0o! QRJ� e

� /�!�[8].

Fig. 1. Structural formula of poly(2-ethyl-2-oxazoline) and poly(acrylic
acid).
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6 ��� uPU _� PEOx� PAA� *
N�� .-/�� *+

,- :2� �
 xy  ����, pH @A� �
 ��  ����

}!�. H
, !�
 K2  !

 *2!�Oa� P
�E2  �

���% e�.

2. � �

2-1. �� ��

6 ����� �� ��Y 200,000� poly(2-ethyl-2-oxazoline)(Aldrich

Co.)7 25 wt%, 30oC�� sR 8,000-12,000 cp� poly(acrylic acid)(Wako

Pure Chemical Industries)< W
�=�. Poly(2-ethyl-2-oxazoline)U �

!�2!? *
2!�, ��+2� K2  ��, 380oC(TGA, air)��

��G2  ���.

*2!�O��� �:2� !

 ���� ��Y 40,000� dextran

(Sigma Co.)7 ��Y 20,000� polyethylene glycol(Yakuri Pure Chemicals

Co.)!��. O� pH ��  p" 0.5 M HCl, 0.5 M KOH< W
�=�.

2-2. ����

2-2-1. PEOx/PAA O 

6 ����� pH @A� (� poly(2-ethyl-2-oxazoline)7 poly(acrylic

acid)� *+,- K2  �� �1� �� *2!�Oa� P
  �

��� *+,-� �
 xy  p
 � ���� ~P ���< ,G

�=�. ���� 8% PEOx
N7 8% PAA
N  !
�� PEOx 1

ml( R� 2%a �G)� ;
 PAA� m¡< @AQ¢t� xy\ �

��/�� C£� xyJ� XU ���/�� C£< DD $G��

,G�=�. �� 
N  8,000 rpm>a 20�� ¤¥�I�� xy/7

�¦N  (a ^*
 l 60oC, dq ��1�� 12Q� !� ��Q

§ �Y  $G�=�.

¨©ª pH PG«¬U 10% poly(2-ethyl-2-oxazoline)
N 20 ml�

10% poly(acrylic acid)
N 30 ml< ��Q¢�, pH< @AQ§ xyY

@A< ���=�. pH @A< p" 0.5 M KOH� 0.5 M HCl  W


�=�. � ��� .-
N  ­��t� 20� !� ��Q§ xy!

®�] :2JR¯ �=�. !l 0.5 M KOH� 0.5 M HCl  DD °

��t� xyGR< �±�=�. xy/� �YU ¤¥�I< !
�

� xy/  ^*
 l dq ��Q§ $G�=�.

� ©ªa PEOx/PAA�� *+,- :2 �m< ���1 p" 1%

PAA
N� PEOx< °�[>a² pH< $G�=�. .- l PAA R

< 2 g/la �G��, PEOx�  R< ³´a µ�Q¢t� *+!�  

R� @A< R¶A�=�.

 2-2-2. Poly(2-ethyl-2-oxazoline)7 �� ·*2 ���/�7� � :2

���� 5% poly(2-ethyl-2-oxazoline)
N7 5% dextran(��Y

40,000)
N ¸ 5% polyethylene glycol(PEG, ��Y 20,000)
N7�

�:2 �m< ���¹�. Dextran7� �:2 jkU º��(25 oC)

�� *3J�>?, PEG�� �:2 jkU 25oC, 45-50oC� � »_

�� 3�=�. 

2-2-3. PEOx/PAA� .-
N7 dextran
N7� *2!�O :2 ¸

β-CD �v

KOH(0.5 M) ¼I� ��� pH< µ�Q§ xy  ½¾ PEOx/PAA .

-
N7 dextran  !
�� *2!�O< :2��, β-CD� �vK2

  ���=�. β-CD�  R� phenolphtalein¬[9]  !
�� $G�=

�. ¿À, *2!�O�� PEOx� PAA�  R� DD 3%, 4.5%(���

1 : 1.5)� JR¯ ��QÁ 
N� 0.5 M KOH< ¼I�� xy  ½¾

�Â �� ����� !�O :2 �m< ���=�. !�O :2U ¤

¥�I< !

 ��Ia 3�=�. � ��  R(*2!�O�� 6%,

8%)� dextran  W
�=>?, β-CD� 5 g/l� JR  ̄°��=�.

3. �� 	 
�

3-1. Poly(2-ethyl-2-oxazoline)� Poly(acrylic acid)� 	
� �


� ���� *+,- :2� �
 xy K2  !
�� *2!�O

� P
�1 p" ~P� xy :2 ���< ,G�� |U r*P!

�. *2!�O� ST l ���/�! �Y Z[\ 
N>amn 0

o/  ^*�1 p
 S� qG! r'
%, PEOx/PAAO�� poly

(acrylic acid)< poly(2-ethyl-2-oxazoline)� ��� 7Y H� +Y W


�£ Jt � ���/�� xy :2 l *2!�O�� ÃÄ��

���� product� .-Jz ÅÆ
�. ()�, xy :2� Ç���

D ���� ~;
 *+,-  È�� xyÉ * eR¯ ���< ,

G�� uP/�� ^*� ÃÄ�� ���� ��  {!� }! &

'��. 8% poly(2-ethyl-2-oxazoline)
N7 8% poly(acrylic acid)
N

� �Y�< ÊI�� ��Q¢� ¤¥�I
 l ���� y9 �Y

� ;
 xy/7 �¦N� ��� �Y7� �O< Fig. 3� ËÌÍ�

�. ,7P>a, �¦N� ÅÆ�� ���� Î! ~+!t�, �;P

>a xy�� Î! ~;� ���< ,G�=�, Fig. 3��� Ï!

PEOx� PAA� �Y�< 1 : 1.5a ��Q§ xyQ¢� }! ÃÄ��

���< {!1 p" ~P� }>a ËÌÐ�. 

3-2. pH ��� �� PEOx/PAA �� ���� ��

3-2-1. PEOx/PAA O� 8-9 :2� ÑÒ� pH Ó7 ��

jk,7< �;a PEOx
N7 PAA
N  �Y� 1 : 1.5a ��Q

¢�, pH< @AQ§ xyY @A< ���=�. _� ,G\ ���a

ÔU � ��� 
N  8-9:2  È" xyQ¢�, !l 0.5 M KOH

< �ÕÖ ×>t� *+,-! Øz�� }  ���=�. xy! Ù

y] ½zÚ  Û� pH� 4.3(critical pH, pHC)>a, ! pHC !���

Ü *+,-  :2�=�. H
, 0.5 M HCla ÆxyQ§ ~; xy 

Fig. 2. Schematic diagram of partition and recycling of polymers using dextran and poly(2-ethyl-2-oxazoline)/poly(acrylic acid) aqueous two phase sys-
tem. 
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PEOx/PAA 
� �
�� �� � �� 479
�!� pH< ,G�=�. ÝQ, ¤¥�I< !
�� xy/  ^*


l dq ��Q§ C£< $G�=�.

HCl °�a pH� Þ+[� ()� *+,-� �
 xyYU µ��

=�, pH 3.3 !���� ß !� µ��� X¹�. ()� � ���

� 8-9 :2U pH µ�a(KOH� °�) Þ+��, pH Þ+a(HCl

� °�) µ�à�. Fig. 4� pH @A� (� y9 ���� ;" xy

\ ���� C£< �áa RQ�=�. xy\ ���� C£� °�

\ salt� C£< ��
 â!�.

3-2-2. PEOx/PAA O� *+,- :2 ��

8-9 :2� ;
 1	U .- l PAA  R< 2 g/la �G��,

PEOx< ×� X¹  Û� ã1 pH 3.11�� PEOx< °��t� pH

< $G�� �±�=�. $G äp��� pH� pHc 4.3!�=>�a

*+,-  :2�=�.

Fig. 5� PEOx  R@A� (� [H+]� @A< R¶A�=�. PEOx

� °�a [H+]� Þ+(pH µ�)�?, !� *+,-! PAA� carboxyl

groups� "IJ� XU :M(undissociated form)< �GAQ§� carboxyl

group� Î2�� �GJ1 Ûå!�. æ, ç*
 PAA
N([PEOx]=0

| Û)7 PEOx< °�
 
N  �­" �t, l�� *+,-� :2

>a �" "I\ *+!�(free hydrogen ions)! ß P1 Ûå� ,7

P>a pH� �è�� }!�. �1�, PAA� "IJ� XU *+ ¤

�� PEOx� Î2� éê(proton acceptor)� o+ ¤� W!� *+,

-  È" ��� 8-9� :2J� }>a �ëd�.

� ��� /�U o2 ���� PEOx� y1P>a Â2� o+�

PAA� *+¤� W!� *+,-  :2
�. !Û, ì1(OH−)< °�

[� (), PAA� carboxyl1�� H+� "IJt� !�AJz PEOx

� PAA� *+,-! íz4 02\ xy/! s³ Þ+�£ \�. !

�
 �M� 
N� o(H+)  °��t, *+,-! �Q :2Jz

carboxyl1< �GAQÁ�.

3-2-3. Poly(2-ethyl-2-oxazoline)7 �� ·*2 ��� /�7� � :2

���� 5% PEOx� 5% dextran(��Y 40,000)>a �2\ 
N

Í�� � ���/�U 12Q� !Í� �  :2�=�. ! »_ PEOx

� î��, dextran! �ï�� ða �Z�� }>a ËÌÐ�. H
,

PEOx� 5% polyethylene glycol(PEG, ��Y 20,000)7R 45oC!��

� 24Q� !Í� �  :2�=�. ! »_�� PEG� î��, PEOx

� �ï�� ða �Z�=�. PEG� PEOx� �  :2�� K2 

�=>Ë, PEOx� xy� W
J� PAA� ���� xy! :2J�

K2! e>�a PEOx�� W
�� Lñ! (< }>a ò�\�.

3-2-4. PEOx/PAA O< !

 *2!�O��� β-CD �v

6 ����� pH� @A� () poly(acrylic acid)� *+,-��

xy  :2�� K2! e� poly(2-ethyl-2-oxazoline)  *2!�O�

Ró��� �=�. æ, CDs< �ô
 uP/�! PEOx/PAA� ��

��� õ! �vJt, � �  �I
 l pH< @AQ§ *+,- 

BR�� ���Ü xyQ¢� «¬  !
" CDs< ^*��� �=

�. KOH °�a *+,-  L�
 PEOx/PAA ��� .-
N7

dextran7� ���� �! �IJz *2!�O< ö£ :2�=�.

Poly(2-ethyl-2-oxazoline) ��� .-
NU 6% !�� dextran7 � 

:2�=�, 10%� PEG�� �  :2�� X¹�. ()� poly(2-

ethyl-2-oxazoline)7 poly(acrylic acid)�  R< DD 3%� 4.5%(��

� 1 : 1.5)a �G��, 6%� 8%� dextran
N7 β-CD �v< �­�

=�. ÷I�, �Â ¶7 Ï! ,G\ �vO* â>a �vK2  ��

�=�.

K(�vO*)=

! ¶�� î�U PEOx/PAA� _ø
 �!�, �ï�U dextran!

Cβ CD– ��,

Cβ CD– ���,
------------------------------

Fig. 3. Amount of polymers at various mass ratio of poly(2-ethyl-2-oxazo-
line) and poly(acrylic acid), unppt/tot: amount of unprecipitated
polymer upon total polymer; ppt/tot: amount of precipitated poly-
mer upon total polymer; unppt/ppt: amount of unprecipitated
polymer upon precipitated polymer.

Fig. 4. Amount of poly(2-ethyl-2-oxazoline) and poly(acrylic acid) precipi-
tates upon pH variation(addition of HCl to a mixture of poly(2-
ethyl-2-oxazoline) and poly(acrylic acid) at initial pH 4.3).

Fig. 5. Change of [H+] upon addition of poly(2-ethyl-2-oxazoline) to poly-
(acrylic acid) at initial concentration 2 g/l.
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_ø
 �!�.

� ��  R(6%, 8%)� dextran  !

 »_ ù� β-CD� �vO

*(K)� 1 GRa �ú�=�. ��� /��  R< 6 ���� W



  R�� µ�Q¢� »_ D 
N� sR� ûC ü� 
N Í��

/�� !�� À"< ËÌý * e�, �v !l� qG� z�þ  ã

ÿ� }>a #�\�. H
 6 jk� ��� �U  R� ���/�

  !
�� »_ �! :2J� X>�a, �1�  R �á! dextran

7 PEOx/PAA ��� .-
N  !

 *2!�O :2� ~P �

�� }>a ò�\�. 

4. � �

6 jk��� pH @A� (� poly(2-ethyl-2-oxazoline)7 poly(acrylic

acid)� *+,- K2  ���=�. !�� jk>amn PEOx� PAA

� *+,- :2 K2� ;" �Â7 ÏU ,�  ���.

(1) PEOx� PAA� pH 4.3 !��� PAA� *+� PEOx� Î2�

éê� o+�� *+,-  �� �G
 8-9< :2
�. 

(2) PEOx� PAA� .-
N  *2!�O� P
�1 p" � ��

�� xy  p
 ~P ���< ,G�=�%, �1� ,G\ ���

� ~P �Y�� PEOx : PAA=1 : 1.5=�, *+,-! Ùy] ½z�

� pH 4.3�� *+,-  L��� W
�=�.

(3) PEOx� PAA� .-
NU *+,-  L�
 �M�� dextran

7 *2!�O< :2�=�%, !�
 K2U pH @A< !

 uP

/�� �I� �
� * e�. �1� *2!�O�� uP/�! �

v\ PEOx .-
N�  ^*�� pH< ��>a² PEOx� PAA�

,-  È�� xyQ§ ^*��, �Q pH� µ�a suspensionQ§

dextran7� � :2� ÆW
[>a² �:2 ���/�� �� W


7 uP /�� �I� �E� }>a ò�\�. 

(4) PEOx/PAA� dextran7� *2!�O�� β-CD� »_ �vO*

� 1 GRa D �>a� �v ³!� ��� XU }>a ËÌÐ>Ë,

��� /� ̂ *� 
!2  Þ�� Û P�
 pH� salt� ��, Ó+

b2 ¦� ;
 ~P ��! Ü�Jt P
 �E2! e� }>a ò�

J?, CDs !�� /�� ;
 P
R �E� }>a W	\�. �>a

PG pH�� �v�E
 �� /�� P
�E2, ÷I� pH< µ�Q


  Û ���� K2 ¦� ;
 ��� r'� }>a W	\�. 

� 


 6 ��� 1999� 
�7
Æ�� KG1ã��7L �¤� ���

��J�>? !� ÞW����.

�
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