
 1

��������	
��
��������

��������	
��
�������������	

�����
�� 
� ��� 
�� �� ���	

���� 		!				"#$%&'()*'+�

tyu@cc.nctu.edu.tw 

 
��������

�

���������	
��
�����

� � � � � � � � � (Countercurrent 

Chromatography)������� !"#/"
#���$%&'���()��*+,

-'./0�1234�5678�9:

�;<��=>?@��;ABC'DE

FGH��IJ'./0��KL�*+

MNOPQR��S�TU�VWXY�Z

�[\]�

��������^_�`abcd��e

fgh�i#djklmno��pJq

r�psat�uvJw?xy�z{�

KLno�i#H|}~��9X?s�

�������S]R���lm���

0��`�l��'���#��l��

w?]�

���k�;���YZ�tl�12hP

Q]��`��12�X^�`9Z�


����������'�������

`����Vlm��H��abc��

l�� ¡#lm¢�£¤&¥¦*+,

-NO§¨I��lm©ª«]R���

¬�;­®�`�X¯s�"#°±�²

³]�´9Z
����©l��µ}�

¶·¸¹�º�°±¦»T��`¼§d

��xy�a�½�h�9Z
����

©s"�xyH°±¦»T�M=>¾¿

À¯�¥¦�´�"#°±²³ÁÂa

��ÃÄÅF]ÆÇ*+ÈÉ�	
ÊË�

�k�����ÌÍ�ÎÏ�9:��H

Ð�ÑÒÓlfl�JÔ¿TÕ�°±

Â&§kÖ�µ}�×�Ö�ØÖºr£

Ù¸¹��£¤~ÃÁ�pJÚrXÛª

ÜÝ�ÓltG]�

�����VÞ�ßà�YZ�át9Zâ��

��(subcritical fluidº�V����s}�

'â��ãXäÙcÔ¿�åæç�èéêë�V

Þ�ìabcíî���IJ'�x��

äÙH��tVß�§l���ïðÙ�

pRtñZ�xyò6]ÈÉ�()0�

'â��ã�tV:¿óô�i#õö�

Ã÷klm�øùVWð�Ù]�

����#úûhü��()�tV§�;*���

+ßàì0�����'TU12tVF��

�É�ð�VÅFlmÁý�ìFJþ����

XYZ�[\]�

�

�	
�
�����������
�

������
����°±�no���

�

Abstract 

 

   In the last few years, we developed a 

novel technique by applying supercritical 

fluids in countercurrent chromatography 

(CCC) that enlarged the research area of this 

liquid/liquid chromatography. After 

successful endeavor in overcoming the 

difficulties in the instrumentation 

development, this technique has become 

mature gradually. In the midst of the 

instrumentation progressing, we also pay our 

attention to the theory and application of this 

chromatography. 
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     No solid support needed for the 

stationary phase is one of the characteristics 

of CCC that may help reduce the sample loss 

due to the irreversible adsorption. Besides, 

the high ratio of the stationary phase in the 

column makes the technique a preparative 

chromatography. The separation occurs 

purely due to the partition of the analyte 

molecules in the two phases.  

   Two major parts are to be examined 

regarding the application. Firstly in the 

chromatographic separation, the supercritical 

fluids used (such as CO2) turn into gas at 

room temperatures and pressures that helps 

split the analytes from the mobile phase. In 

other words, no further concentration process 

is required. Currently some preparative 

separations of natural products are under 

investigation. Secondly, the apparatus of 

CCC may be considered as an extraction 

equipment. Whenever supercritical fluids are 

employed in the sample pretreatment of 

analytes, the substrates are solids in most 

cases. However, supercritical fluid extraction 

for liquid samples earns attraction gradually 

in recent years. For the present, the 

extraction apparatus for liquid samples still 

requires improvement to enhance efficiency. 

Our preliminary outcome demonstrates that 

the extraction efficiency can be improved 

using the CCC rotor possibly due to the good 

mixing of the fluids. Potentially the technique 

may lower the detection limit of very low 

concentration pollutants in water (such as 

ground water or river) by efficient 

preconcentration of them.  

 

   Subcritical fluids can also be employed in 

the applications described above. Given CO2 
as an example, its density could reach as high 

as 0.8 g/ml without applying very high 

pressure to the system. However, the 

solubility of analyte compounds would be 

increased considerably under this high 

density, therefore results in utilization of the 

fluid to more samples. Satisfactory stationary 

phase retention observed in the preliminary 

results indicates sufficient sample capacity 

and resolution for the separation. 

     The researches in this proposal, we 

believe, will enable us learn more about the 

relevant separation theory in order to 

improve the efficiency and further open the 

door to the application arena.       

Keywords: Supercritical fluids, 

Countercurrent chromatography, 

Supercritical fluid chromatography, 

Supercritical fluid extraction, and Column 

chromatography. 

�

���
����

�

�ü��()���̀ DE*+½��

0�àh�
����é������

��F��PQXlmTU�ÅFlm�

��ì0�XYZ]�����µCCCº

`���������X^�`�i#�

�`"��a	�´�"#¢�#���

i#`v
kd����Þ&ps
�l

mHi#�`��tVõöklmno�

�"�����������lmøù

µseparation capacity)~�&Rí�lm�

Î����pkï_'�ïgµ¡#Wi

#º��l���� uv���a�0

�xyz{¢lð����ñÒ¨I�W

��l��lm]�

����*+¦���Bk./�0� Å

F]���*+��� !�à��"H

s#$%&'G(�)Í*ÌÍ��X¥

�`V+s,-Jt.�./hª«��

ÏÕ�tG��pY���bc©�#/

6�0��1k?­�
2���ÕS�

tG��J�X�ý03k�J. Chromatogr. 



 3

A.[1]]H��*+òF�É�V	
ÊË

à��
����YZk������X

45lm
6�6xµversatileº7��ì

��ý03k�J. Chromatogr. A.[2]�'./

0��89�*+:NO;<��=>�

ÏÕ��E()]X¥�`a?@`A.

/!�àh�JcF�ÉÅFX4B�ß

�XlmÁÂ�ìC0�XYZ�$%&

KLD !������*+,-$E¿

XlmÎÏ �´no(���aKH

»]�V'ûhü�H��*+()�¥

��:`F'¥¦,Ã�GHÞ�ÅFa

K./�4B�PQXIJlm�
6�

KLN0X'lmÞ�YZ]K�l�D

xy�ùhLM�tlsl�µanalyticalº

W��(preparativeº���]¦N`s�

�ðxy�OM�Ò�H?P�£Ù��

NQ`ZhlmìRSO�Ò��V��

T�l�¢#��()]�����s�

��������X^�¦2,-UV

��9Z
����s¡#�'lm�K

LWÔ¿£¤�Áý&XXt®�Y��

M�'ûh�()�N0àh]�kxy

¦»T°±12�
����YZ'dã

xy�,Ã#/ZÙ�0��"ãxy1

2��´9Zd#°±�µSolid Phase 

Extractionº�[\'Z
����°±]

a6^&*+�V������./Bs

°±�_`��atpRÚrl���Û

ªÜÝ�KLqbÃÎïg�9Zù]�

�

��������

�

�����ýtl��VW°±��

Phcd]'��12*+9Z�
��

����hlm�efdg�Ò��ÊË

à9ZX^��M:`lmÁÂtV-�

�ÙVW�B�0�hÔ?�Ja?`�

 !�1SÅ7ïgh!]iRHí�*

+C�jà�e lm#��
6�}�

ï_'���� Ö#HÐ�l��6V

WÍk®ù&Vl��6Jl��´�b

cmn�	
1Sotp:�V����

��SJl�'*Ù qr�Þ�ÃXY

s��*+��e	
�ý03�,t\

¾��k½�uà[3]]�

'°±12�Ã�¦V������M

tV/B°±�²³h9Z]*+Ãvw

�`()°± ��HÐ�#����ý

R�N�'V"�sG_ i#�FG

L�°± ����Z�tVc@ ï_

'°±" G_�¢`ï_'¡i#��

l�x6Ã��V���xh(QX#�

�ÓltG�*+y�à��6z�{

(�Z���6Ç�|}ï_�õöLÐ

 X��~��q��:tV�ª'Kx

����°±�RÂ���ps°±��

����±:�|��	
�FGc��

~6��V��6z{(tVBs��°

±���
<]*+V6z{(��ª

��V capacity factor�+��ï_|+�

r�/���|+��L����7��

�`Bs��
<��IÃ~����]

���P��ý�,-03[4]]Rí§k

��6z{(���M,-'FG���

�a�:EÃ<�?ý]�

�

���������

�

� �¦�V��
�������YZ

k������`��	
���0�à

h�'	�YZÞ]�S���'z�Þ�

�b*+ß��
����12()��

�<�$%�D�������Jl�*

+Mß����<�t®��M:`9Z


����s���¡#]F�ÉJl�

���W()����°±�#���i

�'z�12Ã��Hí�Mt®tBs

_�Þ��"#°±�RÂ]�

G�Þ�*+()�1� 	_?

ý��=��ßà��ø#½��`MÃ

�l
à=��&=���¥���Þ�

,Ô?¢
�]�:¿�?ý�¥¦,0

3��^
<��üW��D¦#�H(

),03�U��^
<���W�]�

�



 4

���� !�

�

1)Tiing Yu*, Shu-En Li, Yi-Hsing Chen, H. 

Paul Wang "Counter-current 

Chromatography Using Supercritical Fluid 

Carbon Dioxide as Mobile Phase" 

 J. Chromatogr. A, 724, 91-96, (1996) 

2)Tiing Yu*, Yi-Hsing Chen "Separation 

Factor Studies on Countercurrent 

Chromatography Using Supercritical Fluid 

Carbon Dioxide" J. Chromatogr. A, 790, 

31-39, (1997) 

3) Tiing Yu*, Sheng-Kang Luo, Shin Jyh 

Chen "Correlation of Supercritical Fluid 

Extraction with Supercritical Fluid 

Chromatography in Aqueous Matrices" Anal. 

Chem., 70, 2115-2122, (1998) 

 

4) Chiuan Shiuan Yeh, Tiing Yu*, Alain 

Berthod “Separation of Steroid Compounds 

by Countercurrent Chromatography Using 

Supercritical Carbon Dioxide as Mobile 

Phase”, J. Liq. Chrom. & Rel. Technol. , (in 

press), (1998) 

5) Ma Y., Shinomiya K., Fales H.M.,  J. 

Chromatogr. A. , 685, 259, (1994) 

6) Ma Y., Ito Y., J. Chromatogr. A., 702, 197 

(1995) 

7) Berger T. A., Chromatographia, 41, 133 

(1995) 

8) Jagota N. K., Nair J. B., Frazer R., Klee 

M., Wang M. Z., J. Chromatogr. A., 721, 315, 

(1996) 

9) Leyendecker D., Schmitz F. P., Liesper E., 

J. Chromatogr., 392, 101, (1987) 

10)Ito Y., Weinstein M.A.,Aoki I., Harada R., 

Kimura E., Nonugaki K., Nature, 212, 985, 

(1966) 

11)Walter D. Conway, Countercurrent 

chromatography, appratus, theory, and 

applications. (1989) 

12)Ito Y., J. Liq. Chromatog., 15, 2639 

(1992) 

13)Roop R.K., Akgerman A., Keller R.A.; 

Science, 162, 67, (1968) 

14)Hedrick J.L., Taylor L.T.; Anal. Chem. 64, 

981, (1992) 

15)Ito Y., Bhatnagar R., Preparative CCC 

with a rotating coil assembly. J.chromatog., 

207, 171 (1981) 

 


