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Abstract − Radial electric field was employed to efficiently control the solute retention times in liquid chromatography. It

was observed that the solute retention times were changed by the applied radial electric field. This result indicates that the sol-

ute retention times can be controlled by the applied radial electric field strength, suggesting that a novel type chromatography

can be developed employing the retention time control by the applied electric field. The change in the solute retention times

seems to arise from the changed interactions among solute, solvent, and adsorbent due to the different degrees of their induced

polarities.
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�� ����
��� ��� ! "# 
�� ��$ %&'�. "

#
, �������( )�*+ ��( ,-. /, ��� ! 0

1� 23 , 4� 56�� 
�� ��7�� %&*8 9:, �;

56�� <=! �> ?*� 
�� @AB�� ��*8 '�.

�������( ��� ��� CD
�� EFD GH!
 ,-

9� IJ!, ��� ! 01� 23 , 4� 56�K ��
��

LM, CDN� OP, �Q� OP R GH� ST U��[1]. "#


N�' <= V,� 5> �������( )�� 
�� ��� W

� ����
�! $X BY� CDN� Z[(\� ]&)A CDN

( @AB�� )�. , 4� �Q� ]&(̂ Y�Q, �Q _` U)

! �> %&'�. "#
, ����
�� OPab�c dK CD

N$ Z[98 9: �! "� �e� �Q]&� fg*�. �hc

�i jK ��! �> ����
�� ��<k(CDN ]& R �

Q]&)�� ]&K W� ,dK lm! �> %&9: 4n dK o

�� fg� *: 4�.

"#
 p q_!
� �������� ��M7� <=. , 4

� V,( r$s��t, u v wx*8 ����
�� ��<k�

]&. , 4� y�z GH{|� Z[*:6 *}�. y�z <=

V,�
 �)�1 ~{X� $*� �� ]&*}�. ������

� ���! �� ��� �� ��
�� CDN� ����*� �

���! �> �P�w� %&98 9: �; �P�w� ��! �

> ��
��� ��$ ��nD�. ��B�� CDN� )�9�
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{X� 01�� V�*8 9� "#
 CDN� M� \� V�*8

'�.

�a ��# �Qi ��
�T ~{X! �� �MV�! �> �

���� V�( ��8 9�, �i jK V�! �> CDNi� �

���! 01� 2��#  5�. "#
 �)�1 ~{X� y�z

<= V,� r$s! �> �������! �� ��( @¡B�

� <=. , 4��# ¢£9¤�.

~{X� ��! ��*:6 *� o�K �2 +h �¥!
 )�

9: 4�. L¦ �������i �§>
� ~{0¨ ��� )�

*+ �6�� ��*� ���� )�9: 4�[3]. L¦ ©ª� ~

{0¨ �������( )�*+ £«�� ��*� ��K dK

q_$ D- ¬��[4-6]. ~{0¨B ��! 4n
� ��� W _

¨�K ­ �1� ~{X��, 	 
��� ~{X *!
� �¨®

T ��( ��*+ ��( ,-��. \ �� ~{X� ��!� ¯

�K electric field flow fractionation ���� CDN( E�� °

K �¢ )�!
 ~{X� $*+, ��
��� ~{X *!
� ±

²³A �Q� ´µ! �� ±²³� ¶· Y� ��( ��� ��

����[7, 8].

p q_!
� {�� �������! �)(radial) �1�� ~{

X� $*+ ~{X� ª{� �� ��
�� �P�w� <=. ,

4� �( <)*}��, CDN OP R �Q OP! "� ~{X

*!
� ��
�� �P�w V�( <)*}�.

2. � �

GH! ~{X� �) �1�� $*{ �*+ ������� �

��� V *}�. ~{X� ¸ , 4T¹ GH� º»! ~�� ¼

�*}��, GH� ½»( �� *c� ~��� )�*}�. ��

����� GH� �� �����»· ~{B�� ¾��¿{ �>

B=� =q� *}�. GH� =q� �> q% »�( =q 
�5

ÀÁÂ ÃÄ( )�*+ q%*}�. GHK 3/8 inchÅ40 cm� �À

5�� �Æ ��� a�nÇ��, =qN� )�' ÀÁÂ ÃÄ� 


�B M�� NÈ�� 5> lm É�K 300 psig ��� )�*� °

Ê��, �S!
 lm� ,-*}�. lm! )�� GHK Fig. 1!

ËZ9n 4�.

�Q� HPLC� ÌÁ(0Í{{, ©Î M930)( )�*+ ����

��� GH�� q®B�� W�9¤:, �Q! ÏÐ' ÑÒ� rheo-

dyne W� �-Á(loop)( )�*+ W�9¤�. W� �-Á� ���

i 5Ó�Ô�·i� 
� q%� *+ W�A ¨�! 5Ó�Ô�·

$ Õ¨*T¹ *+ GH!
 cS 
�� �Ð %A( {¹*T¹

*}�.

GH� Ö> cS 
��K UV ×){(Varian 2550 UV detector)

� �Ð� ,-*}�. GHK ØÙ´µ! ²	 �1�� ~{X�

B�*{ �> GHA ~�)�( =q�( ��*+ =q*}��,

� ~�K CDN º»� Ú�*}�. CDN º»! Ú�' ~�A

GH ÛÜÝ� �� *c� ~��� *+ DC ~É Þß{( )�

*+ ~É� ¸¤�. ~ÉK GH º»� ~�! à+á ~É� $*}

: ½» ~�! à−á� q%*}�.

lm! )�' CDN�� l�â(Merck, 0.04-0.063 mm), âp(lignite

activated carbon, 0.5 mm), e�S,�(Dowex MSC-1-H, 0.5 mm) U

�¤��, ��
��� cÁ�ã(Aldrich), p-�Ôä(Aldrich), å�æ

�(Sigma), Áç�è(Sigma) U� )�*}�. 	 ��
� �Ð! B

Y� UV éX� _*{ �> �Q! ÏÐ' ��
�� UV �êë

�ì�2·( )�*+ éX� V��¿� í&� ,-*+ $X î

T$ ïK éX� ]&*+ lm� ,-*}�. )�' �Q�K �

ðñ(HPLC grade, J. T. Baker)A 
(deionized water)�¤��, �S

� ò$*óc *� ���� �Q� ~{ ~TT! 01� Wn �

01� �ô*}�.

GH! CDN� õöK ÷h� õö� ���� ,-*}�. �h

c ~{X� ¸{ �> T�� =q�5 ÀÁÂ ÃÄ� N��� 5>

���� É�� A*8 ¸�8 . , øn �6 �{$ 50µm ��

5 CDN�� )�*8 9¤�. ÷h� õö� GH� �Ý ùK D

ú ÌÁ! q%*+ GH! Dú� ¸n ÷h�' CDN( û�ü

ý��
 CD� ,-*}�.

CDN õö� ùþ GHK �Q ÌÁ! q%*+ �Q( 4�w &

T 1.2 ml/min� Ø®�� �® ÿ� ���� �&�9{( {�Í

�, ���� �&�' ��(�&� ØÙ!
 É�� V�$ �nc

� °� ��) UV ×�{( Õ¨�� UV ×�{$ �&�' � Ñ

Ò� W�*}�. fg� �� ~{X� ¸: lm� ,-*}��, ~

{XK ÑÒ� W�*{ 1�~»· ~{X� ¸K � ÑÒ� W�*

}�� >ü �Ð� �	
 /I� �® ~{X� ¸n �Ê�.

3. �� 	 
�

GH! CDN( CD� � ~{X� ª{! "� ��
��� �

P�w V�( �
 Ê�. �Q( �ðñ� )�*}� �� �ðñ

� ~{ ~TT$ �K �Ø� �K ª{� ~{X� $. , 4¤

�c, �Q�
 
 \� �ðñA 
� ^Y
�� )�� ��!�


� �K ~{ ~TT� 5*+ ~{X� �8 $. ,$ ø¤�.

�Q� ��
�� Ø{
5 ��!� �ðñ \� �ðñA 
�

^Y
� )�*}��, �üP5 ��!� 
� )�*}�. �ðñ

� �Q� )�*� ��!� �Q� ~{ ~TT! V�( W{ �

> ËÙ� 
� ò$*óc �� ò$*+ �Q� �M R �S �

T! V�( W¤�. )�� 
��� ~{B5 LM, � Ø~T R

0_ �¬� ©�ë�� 6	�� Table 1! gÈ9n 4�.

Fig. 1. Schematic diagram of radial electric field liquid chromatography.

Table 1. Electric properties of materials

Material Dielectirc constant@ 20oC Permanent dipole(Coule-m)

Water
Methanol
Naphthalene
p-cresol
Silica
Carbon

80.1
32.7
2.54
9.91
2.8
5.7

1.84
1.7
-

1.54
-
-
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&�(normal phase)� l�â( CDN� )�*+ cÁ�ãA p-

�Ôä� ~{X! "� �P�w V�( �
 Ê�. �Q�� �ð

ñ� )�*}��, �Q� ØÙK 1.2 ml/min� *+ lm� ,-*

}�. cÁ�ãK Table 1!
 c���� ��M M�� �: 4��,

p-�ÔäK 0_ �¬�� ��: 4� �M(polar)
���. cÁ�ã

A p-�Ôä� ]&K ��
�� �M V�! "� �P�w V�(

�ô*{ �> ]&9¤�.

)�' l�â� l�â ��� l#� ��� ��� 5> �M5

M�� �8 '�. )�' �Q5 �ðñA 
K �M� Q� �K


��t �M ��
�5 p-�Ôä! �>
T v �K �MT( �

�: 4�. lm! 4n
 �Q� �M Þ$i �S �T Þ$! "

� �P�w� 01� �
 { �> �ðñ! 
� 2Ù �óc �

�cë�� 2Ù ò$*+ )�*}�.

3-1-1. cÁ�ã� �P�w V�

Fig. 2� ��M5 cÁ�ã� ��
�� *+ ~{X! "� �P

�w V�( �
p %A��. ÑÒ� W�ÙK 20µl�� cÁ�ã

� �Q5 �ðñ! 10 wt%� ÏÐ*+ ÑÒ� )�*}�.

�ðña� �Q� )�� ��!� ~{X� ª{! "#
 cÁ

�ã� �P�w� Þ$*� �1� c�º¤�. ~{X! "� Þ$

�1K ~{X� ª{! "# ] B�� Þ$*� ��� c���.

�Q� �M� Þ$�¿{ �> ËÙ� 
� �n 
 �T$ 9 wt%

$ 9� �ðñA 
� ^Y�Q( )�*+ lm� ,-� %A �

ðña� )�� ��i� ��98 ~{X� ª{! "# �P�w

� îË*� �1� c�º¤�. \� �P�wA ~É� ��T �

{! �P�w îË$ �� [�*� �] B5 ��( c�º¤�.

�ðñ ¬� 
� �¡� Þ$�� 
� �T$ 16.7 wt%5 �ð

ñA 
� ^Y�Q( )�� ��!� �{ { {$ −0.31�
 


� �T$ 9 wt%( )�� ��� −0.0356! �>
 �ü¦ !¾*

8 îË*� �1�  + W¤�. lm%A 
� e� Þ$� 5>

�Q� �M� Þ$s! "#
 �P�wT v dK V�(  ��

�� �ô9¤�. �hc � �� ~P� ´µ� "# �
 ~É�

5 V���� ñ� lm� ,-. ,$ øn ~É� 5 V5 ��! �

>
a lm� ,-*}�.

�Q ¬� �S �T Þ$! �� �P�w V�( �
 { �>


� �T$ 9 wt%5 
A �ðñ� ^Y�$! �T$ 0.45 wt%$

9T¹ NaCl� %+ a& ^Y�Q( )�*+ ~{X� V�! "

� �P�w V�( �
 Ê�. � �� '� ~{X� B�! �>

�P�w� îË*� �1�  + W: 4¤�� �{ �P�w(~É

� $*� °K ��)K �S� ò$s! �> Þ$*}�. �hc �

{� �P�w îË { {$ −0.36�� 
� �T$ 9 wt%� ^Y

�Q( )�� ��! �> � V�¡! ( ��$ øn, �Q� �

S �T Þ$$ �M Þ$! �> �P�w V�¡!� 01K ��

°K ��� c���. �hc 
� ò$! �� ~{ ~TT� Þ$

� 5> lm� ~É� 5 V �� $. , ø¤�.

l�â( CDN�, �Q( �ðñ� *+ lm� ,-� %A ~

{X! "# ��
�5 cÁ�ã� �P�w� V�*� �� )5

9n ~{X� y�z V,� T�*+ �������� ��( <

=. , 4� $7M� )59¤�. \� �ðñ� �Q� )�� �

�i �Q �M� ��{ �> 
� ò$� ��i �S �T( Þ

$�* ��!� ~{X! "� �P�w V��  �$ 
� ��

' %A(  + W¤�. � �ðña� )�*}� /� ~{X� ª

{! "# �P�w� ] B�� Þ$*� �1� c�ºn ~{X

*!
 cÁ�ãA� CDN )�� �� ��$ Þ$*� ��  

+ W¤�.

�i +� 
� ò$*+ �Q� �M� Þ$� ��!� ~{X�

B�! �> ~{X� $*� °K ��! �> �P�w� îË*

+ ~{X! �> cÁ�ãA CDN )�� �� ��$ îË*� �

1�  + W¤�. � �ðñ� )�� ��!
� ~{X� cÁ�

ãA l�â )�� �� ��( ,��¿� ��, �ðñ! 
� ò

$*+ )�� ��!� � �� ��( È��¿� %A(  + W

¤�.

�ðñ! 
� ò$*+ )�� ��� �i jK %A� �Q�

�M Þ$! �� cÁ�ãA l�â )�� �� �� È�! "�

�P�w� îË#:� - , ø��, � �Ø� Table 2! gÈ9¤

�� ~{X� $*� °K �{ �P�wK �Q� �M Þ$! "

# Þ$*� �1�  + W: 4�.

Table 2!
 c�þ �.H ~É� $*� °K �� �P�w� �

Q� �M! "# Þ$*� /�K ��A j� ¼0
 , 4�. �

M� Q� ( �Q( )�. ��, )�9� �Q� �M� ��
�

�c CDN! �> �
, CDNi ��
�� ��B�� �Q!

�> ��M5 LM� ��8 9n CDNi ��
� )�� 1�

�� Þ$*8 '�. �i jK L2K �Q� �M� Þ$.,¹ �

�B5 CDNi ��
�� ��MB5 LM� Þ$*8 '�. "#


 �Q �M Þ$! "# CDNi ��
� )�� �� ��$ Þ

$*8 9: �! "# Table 2!
i j� cÁ�ã �{ �P�w

(~{X� $*� °K ��)� �Q� �M Þ$! "#
 Þ$*�

%A(  �8 '�.

~{X� ������� ���! $� �� �Q� ~{ ~TT

$ ��B�� ���(�ðñ )� ��) CDN5 l�â �6 )�

Fig. 2. Retention factors of naphthalene as a function of the applied
radial potential using various mobile phases(stationary phase:
silica, mobile phase flow rate=1.2 ml/min, temperature=25oC).

Table 2. Naphthalene retention times under various mobile phases with-
out the applied radial direction potential

Mobile phase Retention time(min)

MeOH
9% H2O in MeOH
9% H2O in MeOH w/0.45% NaCl
16% H2O in MeOH

15.92
17.90
19.20
20.29
HWAHAK KONGHAK Vol. 37, No. 4, August, 1999



590 ������������	
���
��������

� ~ÉA l�â �6 º»! ¸�� ~É )�� �¡� ~{ ~

TT$ �K �Q(
� ò$� ��)( )�� ��  � �8 '�.

"#
 ~{ ~TT$ �K �Q(�ðñ)( )�� �� �����

��! $� ~É� dK »�� CDN )�� �Q! ¸�8 9n

CDN! �> �Q$ v d� $>D ~É! �> �M�98 '�.

� %A� �Q� �MT$ ~É� $s! �> Þ$*: � �{T

$� ~É� ª{! "# Þ$*8 '�. "#
 ~É! "# Þ$*

� �Q� �MT! "# ��B�� CDNi ��
�� ��M�

LM� Þ$*8 9�, �� %A� CDNi ��
� )�� ��

M-��M 1��! �� �� ��$ Þ$*+, cÁ�ã� �P�

w� ~É! "# Þ$*8 '�.

�� �Q� ~{ ~TT$ ( ��(
� ò$� ��)!� CDN

5 l�â �6 )�� ~ÉA l�â �6! ¸�� ~É )�� �

¡� 3n �8 9n ��B�� CDN! ¸�� ~É� �¡� Þ

$*8 '�. "#
 CDN$ v dK &T� �M�98 9�, C

DN� �M�� CDNi �Q )�� �M-�M �� ��$ Þ$

*+, ��M5 cÁ�ã� CDNi� �� �� îË� 5> ~É

� $s! �> cÁ�ã� �P�w� îË*8 '�.

�Q! �S� ò$� ��!� ò$' �5 NaCl� >�*+ �

~*( 4 l�â ��! Na+ �S� ]5B�� ��*+ CDN�

LM� Û68 '�. "#
 CDN� ��MTB5 LM� v7 Þ

$*8 9n ��M5 cÁ�ãA� �� ��$ Þ$*+ �{ �

P�w� 
a� ò$� ��! �> Þ$*8 '�. �hc ~{X

� $� ��!� ~{X! �> Na+ �S8 W�� Cl− �S��

d� �ì*8 9n CDN� ��MT$ ��B�� îË*+ CD

Ni cÁ�ã� �� �� îË� �P�w� îË*8 '�(double

layer effect).

3-1-2. p-�Ôä� �P�w V�

��
�� �M V�! "� 01� �
  { �> l�â( C

DN� *+ cÁ�ã �9! cÁ�ã  � �MT$ ��c )��

�Q! �> �MT$ �K p-�Ôä� ���� ~{X! "� �P

�w V�( �
  Ê�. lm �A� Fig. 3! c�º¤�.

�M5 p-�Ôä� ��
�� )�� ��!T cÁ�ã� ��i

�:� �P�w V�(  + W¤�. ��K �¹ p-�Ôä� �M

� �: 4�c, �Q! �> �M� ��B�� ��, �Q! �>

��B5 ��M LM� �; ��M5 cÁ�ãA �:� �1� ~

É! �� �P�w V�(  �� ���  5�. �hc �ðñ�

�Q� )�� �� �Ôä� ��$ cÁ�ã� ��! �> V�

¡� B¤��, ~É� 100 V5 ��c 200 V5 ��c �P�w!

( ��$ ø¤�� ��K �M5 p-�Ôä� LM! {5*� ��

�<$ �	'�.

�ðñ� )�� ��!� �ðñ� �K ~{ ~TT� 5> CD

N )�� �ðñ� ��B�� d� �M�9n �MT$ ��B�

� �K p-�ÔäA CDN )�� �� ��$ ~É� ª{$ Þ$

s! "# Þ$*8 9n �P�w� ~É! "# Þ$��. \�, ~

{ ~TT$ �K 
� �ðñ! ò$� ��!� ��B�� CDN

$ v7 d� �M�9n ��B �M� M�� �< �Qi CDN

)�� �� ��$ Þ$*8 9: �! "# ~É� $s! �> �

Q� ~{ ~TT$ ( ��!� �Ôä� �P�w! îË*8 '�.

�hc cÁ�ã� ��i �=*+ $X ( L2K �S �T(

Þ$�¿{ �> �(NaCl)� ËÙ ò$� �� cÁ�ã� ��i�
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Fig. 3. Retention factors of p-cresol as a function of the applied radial
potential using various mobile phases(stationary phase: silica,
mobile phase flow rate=1.2 ml/min, temperature=20oC).

Fig. 4. Retention factors of naphthalene and p-cresol as a function of
the applied radial potential(stationary phase: carbon, mobile
phase: methanol, flow rate=1.2 ml/min, temperature=25oC).
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