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������ ��	 
� � �
��� �� ������ �� �� ���� � !" #$% �&'�((racemic

Ibuprofen)) *�+, -+. ./ 0� 12 HPLC 34 �567) ��+89. �56:�� β-CD(β-cyclodextrin) BR®,

ODS-H80®, Kromasil®, β-CD0 ���;9. #$% �&'�( <=� >? S-(+)-enantiomer@� A�B C�� DE+

F� �&'�( GH�(enantiomer)7) HPLCI ��+. ��*J) KL+M� B N *�OP) O�+89. �&'

�(	 *�QR *�"S� ����
 12 �567T �U6	 O��= VW XY) Z�9� [) \ K �;9. 4

]	 12 �56 <=� β-CD BR®T Kromasil® 12 �56=� �&'�(	 ��*J� 0^+89. __	 �56

!�= `# B N �U6 O��� 9aW b�c:d, *�"S(separation factor)	 e0� f6 *�Q(resolution)	

e0R gh+� ij9. 34 kl= XY) m� n5 oKI O�+8�p mqrs0 e0t= `#� *�Q� u�

+8:v �U6 wx� e0t= `# mqrs	 e00 *�Q= %h� XYy 9� By [) \ K �;9. β-CD

BR®T Kromasil® 34) ��+. �U6 wx, mqrs z�� mq{Q0 �&'�(	 *�= %h� XY) O�+

. |j9. 5,000 ppm�6	 �&'�( {Q e0= G} sV ~�� A� �G� �Y) �� ��@ 100,000 ppm�

+	 {Q=� �&'�(	 *�Q� 1.5�6) w�+8� sV ~�= ���Q �� �6(tailing)� �	 �� {Q	

o�= `# !���	 XY� �� �#�� i�) w�J K �;9.

Abstract − Various chiral HPLC stationary phases were employed for the separation of racemic Ibuprofen which is widely

used as non-steroidal analgetic and anti-inflammatory agent. Since the pharmacological activity resides in the (S)-(+)-enanti-

omer only, the optical separation of Ibuprofen enantiomers was carried out and compatible separation conditions were inves-
tigated. β-CD BR®, ODS-H80®, Kromasil®, and β-CD were used as the chiral stationary phases(CSPs). The resolution and

selectivity of Ibuprofen were found to be strongly influenced by the employed CSPs and composition of eluents. A compari-

son of the four CSPs showed that β-CD BR® and Kromasil® CSP could separate Ibuprofen enantiomers. The optimum com-

position of each eluent was obtained differently for each stationary material phase. The increase of selectivity did not always

result in the increase of resolution. Process variables effecting column performance were investigated. Resolution decreased

with the increase of injection volume, but the increase of injection volume had less effect on the resolution as flow rate

increased. The influence of the flow rate, injection volume, and concentration on Ibuprofen enantiomers separation was stud-

ied using β-CD BR® and Kromasil® columns. The chromatogram had slightly nonsymmetric form at the concentration over

5,000 ppm; nevertheless, the resolution was more than 1.5 at the concentration below 100,000 ppm. The form of peak which

hardly had tailing showed that mass transfer effect nearly changed with the concentration.
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1. � �

��� �� ���	
��(HPLC)
 ���� ��� ���� ��

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

-�� ./ "#�0 123 4� 56. 7��% 89:;0 enan-

tioselectivity! <=�> )�?@;A B CDE 5FG H��I 7J

� �K;0 LM NO PQ�6. 2R%F�! / S> �� ����

> � 
 .30 ��%F� T�JU J��� ���� V�! ��

��
 WX YZJ8[! \Z� ��], ^!_ �! `ab%��

8c� d� e`]! $fg� 5h6. i�0 �j \Zk �l%F�

m��";! -�%& non p,q" r$; / S> �� ����


 � �" .�� ���	
�� 89:� 12�A ]h6[1].

st [u Hv> PQ�� =wx; i� �=nno> >Hv� �

yz� � �! "#> {1� >H | Z} J� 7~\Z; �6�

"#%, �f% ��a)
 nE4 � ��]� 56[2]. ��� ��

��! 0� 6� >H% T�� q�� 5�� ��]h�, 7~]!

�� >Hv;0 ��� ���� P> ,� /��� >H% a��

5� I�q 6� ��> ��� ����! ��j 7 T�� I�

�q ��I �k w� =��> V&F� ��]h" r$�6. 
�

I <=�> >Hv@k y�/ �� ������ �W�! fvF�

�!  � ,¡" r$; ����@� ��U ��� ���� ��

]� 5! -Z�6[3]. 
�I >Hv 7~; 5,0! V�! ��>

���� y��A �!  � <�M PQ�" r$; [u Hv� �

yz� �  | Zf�!  � *¢ £Q3q� 56. ¤ ¥¦> -§

<� ��& (R, S)-Ibuprofen[(±)-(R, S)-2-(4-isobutylphenyl) propionic acid]

! 2�%& `9¨��© ªR> «R | e¬f(NSAID)�0 ­�®

¯, ° ±> «Rf ²; �� nq �z� ³  ��]! o´H�G

µM ��� ��� ��� ��]� 56[4, 5]. 
�I �¶·�¸�

��/ o´HF� ��¹ r; S-enantiomer! H��% a)
 º�

5FI R-enantiomer! �� nq »q ¼/ = a)
 º!6[6].

��� ���> ��% � ! ,¡"! �q� H��% a)
 n

q! ��� =��� nE4! 6� �� �����=½ � �" .

30 y�/ / �­> �� ����
 �!  � Q¦],q!  �

6. �¾A y�/ ������
 �! $f! ¿�J�; 'ÀU Á"

��, H�, 7�J� ±> ¥¦;0 µM 6Â,q� 56. �j ¿�J

�; 'ÀU $fg@� 3YÃ � 5! ��F�0 [u �Z�� �

�/ HPLCÄÅ� d� ¥¦], ^�, st; HPLC ��� ./ [

u �Z� ÆÇ@� �ÈJ],qÉ0 6Ê/ ��> [u ÆÇ@� ��

]� 56[7-9]. [u �Z�� ��/ ������@> HPLC � \Z

{1; <30! dk )�?@;A Ë�> <�� ]� 56[10-12].

[u �Z� P;0 J�%F� - ÌÍ; β-CD(β-cyclodextrin) �

?
 Y�/ [u �Z�� �� nq ��� ���> ��% �Ã�

¥¦�!_ Á��A ��],E ^6[13-15]. � n �,I! )Zk

/ S> �� ����Î β-cyclodextrin ��; inclusion process; "

Ï�� � %F� Ð�],� � 56[1]. 
 � �j [u �Z�)

Ñ �� ���� ��; ¿�ÒÓ�� I�I!  ; � g �Ô ��

ÕÖ(three point interaction model)� ��],q� 56[16, 17].

¤ ¥¦;0 �×/ -§;0! � ��? �! ��� �����

& �¶·�¸> �?Ø; t��� � 
 n��A Ã  F� �Ù

]! 0� 6� �Z�@� ÒÓ�� ���Ú� w �Z�; <��

%Û/  F� CDE 5! �Ü�� ���� ��� �¶·�¸>

�� �Ã> n��� Ý��� �Þ6. ��� ��� ��& �¶·

�¸> � n ßà� �,� � 5! �Z� ��� ák â ���

	
ã� 3ä ån�É0 � zn �� � 5! ÝÈÝæ� á!  

� ¤ ¥¦> çè� �Ú6.

2. ��� ��

(R, S)-Ibuprofen[(±)-(R, S)-2-(4-isobutylphenyl)propionic acid]Î ék �

�� ���� ���	
��;0 � ]!  k / S> �� ���

�@� [u �Z�) �Ô��� �É0 �8%& =� ¿� ���

ê�> ëZ� ì�; >3 ��% �Ã� �Â,q!  �6[18]. ��

/ � n �Â,� r í2f> �î; i� [u ÆÇ> �­, �Ü

�> Ý�, �Ü� Áï, ð¿=�, ð¿ 8´ ï> ñzÎ ék -§

Ýæ@; òJ
 ðÉ ���	
ã;0 � ], I4! ww> ��

��, �­8c, �� ó> òJ� &�� � z; ôõ� I�IA

U6. ö/ í2f
 ÆÇ; í2�! ÄÅ; i�0z ÆÇ> ���

÷�q� ÆÇ ��� p,qÉ ���	
ã;0 ��> ��! <ø

� ÕÊ;0 `<ø� ÕÊF� òJ¹ � 56. �j -§ Ýæ> ò

Jn band profile; ð! ôõ� �äWF�0 band profile> ��Î

�­8c� �ÙÃ � 5� � �D� �! ��; %�/ � Ýæ

� �� � 56.

�� ����
 � �! ùÌ�¯� ��J�É úìV% êJ��

� ��/ � Å, molecular interaction; >/ � ÄÅ, inclusion com-

plex
 ��/ � ÄÅF� ¦�Ã � 56. ������
 � �!

ùÌ�¯� �û]! �O;! [u ÆÇ> ü¦�=½ ýE I4!

�� ���� ��@> y0�=½ Û<þÿ� ZÃ � 56. ö!

�y/ ����(fractional collection); >30 ��%F� y�/ �

�� �A �� � 56[19].

ÆÇ> ��; ôõ� ð! ö 6� Q&k �Ü�> ÒÓF�0 %

�/ ÒÓz
 º! �N> ÒÓ�6. LM �­8c) �� ��;

ôõ� d� ð�� ÆÇ ��� YZ�! _; PQ�A �D3K Ã

Qen U6. �Ü� Áï> �n! �ä8´> ÆÇ� � 8c� �

e8[G �Ü�> Ý�`z �l%F� � 8c; ôõ� 	 � 5

6. � 8c> �n! ��) �Z� ��> �� 8c� �<8


� z õ�; "�Ã �z 5q� ��2÷> ôõ� � �Z�� �

��! �O;! band profile;0 w ��> band broadening� (3

q�� 4MD � z! �e¹ � 56. 
 � �?�~(molecular

diffusion), 
Äõ �~(axial dispersion), ��2÷(mass transfer kine-

tics)k ÕÑ ð¿ñz> òJ; �' 'ª
 º!6[20-24].

¤ ¥¦> -§;0 �,q! Y)> � ��� è�3 ð! ÄÅF

�� ��Î ék Ø@� ���Ú6. � z(resolution) Rk 6�)

é� è�U6.

R= (1)

�";0 t1, t2! 8´ 1, 2> �­8c�G, w1, w2! �� 1, 2> "

�Ò;0> ó�G 8c �.� è8/6. ÆÇ> ab� C" .3

0 baseline;0 ÙZ/ ��> ó w
 ��/ �� Ø; >30 �

���
 ÙZ�Ú6.

N=16 (2)

�";0 tRk ��> ÆÇ ë> �­8c�6. ��&? k'! �Ü�

; 5! �ä8´� Mm) �Z�; 5! �ä8´ Ê Ms> `� Z

>],qG ��> ØF� è8Ã � 56.

k'= (3)

.Ø;0 t0! �N �ªÉ� ÆÇ ü¦; zê�! 8cF�0 �ä8

´n �Ü� �;0 �3]q �! �O> �­8c; �m�G ÆÇ

t2 t1–
w2 w1+( ) 2⁄

----------------------------=
2  t

w1 w2+
------------------�

tR

w
---- 

 
2

Ms

Mm

--------
tR t0–

t0

------------ 
 =
���� �38� �3� 2000� 6�
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dead time�� =�"z /6. ���	
��;0 retentionk ��>

�Z�) �Ü� �� å��þ(equilibrium distribution); >30 I

�I! ����� �� �­8c� ÙZ�� �Ü�> Áï� �3

ðÉ retention volume(VR)� C � 56.

S-��; </ R-��> � &?(separaton factor) α! 6� Ø;

>30 ÙZ�Ú6.

α=k'
R/k'

s= (4)

�";0 tR) ts! �� ���� P R-��) S-��> �­8c� I

��6.

3. 	 


3-1. ����� ����

¤ -§;0! 4�­> HPLC ÆÇ� ���Ú!_, �È%F� I

Î5! β-CD BR®� "lF� / ÆÇ(- ÌÍ; β-cyclodextrin� Y

�8� ÆÇ YMC co. Japan)) ODS-H80®(- ÌÍ; C18� Y�8

� ÆÇ, YMC Co. Japan)� ¦¿�� ���Ú�, í2f� {1 P&

β-CD(- ÌÍ) β-cyclodextrin� amine functional groupF� ¥YU

�Z���)) Kromasil®í2f(Eka chem., Sweden)
 �� ÆÇ; �

��� ���Ú6. ��k ��� 4.6 mm, ��n 250 mm& stainless-

steel ÆÇ(Alltech); ��  ���Ú6. β-CD
 ��  ��� �@,

ð" ./ �N�! ethanol[HPLC grade]� ���ÚFG �� � �~

�" .3 sonicater
 ���Ú6. �r í2 ÆÇ; ��� n�" ./

�Nz ��  �NÎ ék ethanol� ���Ú6. Kromasil®; ��

U ��  �N! methanol/aceton[50/50, v/v%]� ���Ú� n��

N�! methanol� ���Ú6. β-CD� í«�"./ Ûì! ethanol

20 ml; β-CD 3.4 g� sonicator
 ���� 30Ï Zz �~8� � SSI

reservoir;  � n� �N> ��� 1� ��; 7,000 psig!q �n

�� β-CD
 ÆÇ; í« �Ú6. ÆÇ í«> �&k SSI reservoir>

=�n 20 ml��� í«U ÆÇ� R3 þü]! ethanol> =�n SSI

reservoir =�> Ñþ �� "�I^� r �N ��� 	�ð� ��

ÆÇ) SSI reservoir
 � �� ÆÇ> ��� �&�Ú6. Kromasil®

ÆÇ� �@ r;! 3.3 g Ê� .Î Ü�/ ÄÅF� í2�Ú6.

�Ü� �N�! 0.1 M ammonium acetate(ammonium acetate, 99.99%

+HPLC water), acetonitrile(Baker analyzed® HPLC solvent), hexane(95% n

-hexane), tert-Butyl methyl ether(99.8%, HPLC grade, Aldrich Chem. Co.),

acetic acid(Baker analyzed® HPLC reagent), methanol(ChromAR® HPLC),

water(Baker analyzed® HPLC reagent)
 -§; ���Ú6.

8´& �¶·�¸> ��� ���k ú�fH;0 f\#k  )

USP reference standard [U.S.P.C., INC]
 ���Ú�, �¶·�¸> S-

(form)k [(S)-(+)-4-Isobutyl-α-methyl-phenyl acetic acid, 99%, Aldrich

Chem. Co.]
 ���Ú6. �� ��� í2�" ./ $o�! slurry

packer(Altech model 1666)
 ���Ú6.

-§$o> ðQ =�@k ��%·(Waters 510, Yonung-Lin M930),

injection system(syringe+sample loop), HPLC ÆÇ, UV spectrometer(wa-

ters, Lambada-Max Model 481, Young-Lin M720)| data acquisition

(Young-Lin, Autochrowin)F� �Â,E 56. UV detector! _�½

Õ&; �� ¥Y], Õ&;0 PC� _�½
 2÷3 ð, ��>

É%) '�, �­8c ±� �� � 5A �Ú6.

3-2. ���	

�¶·�¸ �  �=
 �&�" .30 β-CD, BR® ÆÇ;0!

�Ü�F�0 0.1 M ammonium acetateÎ acetonitrile> ���� =

�` 10/90(v/v%)� ���Ú6. ODS-H80® ÆÇ;0! �Ü�F� me-

thanol/water/acetic acid(65/35/1, v/v%)
 ���ÚFG ��  ��/ β-

CDÆÇ;0! β-CD BR® ÆÇ) ék �Ü�� ���Ú6. Kromasil®

� í2�� ���Ú� r! hexane/tert-butyl methyl ether/acetic aci

(75/25/0.1, v/v%)
 ���Ú6.

-§k �(;0 �×�ÚFG ÆÇk -§� 8��" 2 Z���

; �
 r!q í�/ 8c Üë �Ü�F� ), ðh6. �Ü�>

*+� ÝÛ�" .3 HPLC %·
 ���� �Ü�> *+� 1.0, 1.5,

2.0, 2.5, 3.0(ml)� òJ8[É0 -§� �Ú6. 8´> ð¿k ð�

"
 ���� ,- Â·
 5, 10, 20, 50(µl)� ./,ðÉ0 ð¿=

�; òJ
 ðh6. Áü]! ��k UV detector� 0ü/ â _�

½ Õ&� R�� PC;0 _�½
 �! ·�
ã� ��30 w �

�> ���	
ã� �h6.

Ï"> -§;0 β-CD BR® ÆÇ �O; �¶·�¸� methanol; �

3�� 100 ppmF� -§� �ÚFI -§; ��U UV absorbance;

0 ��> �"n ���	
ã �ä; 1�Ã Zz� �A I�2"

r$; 1,000 ppmF� ñz
 �n�� -§� ×�Ú6. �Ü�k 0.1 M

ammonium acetateÎ acetonitrile� 10/90, 20/80, 30/70, 40/60(v/v%)> Ý

�`;0 �Z�NÝ�ÅF� ���Ú� Áïk 1.0, 1.5, 2.0, 2.5(ml)�

òJ8[É0 *�A �Ú6. β-CD BR® ÆÇ;0 ��� �¶·�¸

� S-enantiomerÎ R-enantiomer� � U ���	
ãF�=½ � 

U Ñ { ��> ��� ���" .30 y�/ S-enantiomer
 ð

¿���0 Ñ {> �� P ww> �� ����
 �&�Ú6.

Kromasil®� í2/ ÆÇ;0 8´�! ��� �¶·�¸� hexane

; �3�� ð¿ñz 1,000 ppmF� �3  � ���Ú6. �Ü�;

0! hexane/tert-butyl methyl ether/acetic acid> Ý�`
 85/15/0.1,

75/25/0.1, 60/40/0.1(v/v%)� òJ
 ðÉ0 s%> �Ü� Ý�`
 á

! -§� �Ú6. /4 β-CD BR® ÆÇ) Ü�/ �Ü� Áï) ð¿

=�� -§�� `5�� �Þ6. ��� �¶·�¸� hexaneï;0

100 ppmF� 8´> ñz
 �Z8[� �Ü� Áï� 1.0, 1.5, 2.0, 2.5,

tR t0–
ts t0–
------------

Table 1. Properties of chiral  stationary phase

β-CD column
[slurry packing]

Bonded-phase β-cyclodextrine grafted silicagel
by amine functional group

CHN analysis  C7.291, H1.471, N1.613
Paticle size 10µm
Column void fraction(ε) 0.3
Packed density 0.794 g/ml
Detection UV at 254 nm

ODS-H80®

column
Bonded-phase Octadecylsilane, C18
Paticle size 10µm
Column void fraction(ε) 0.42
Pore size 120 Å

Detection UV at 260 nm

β-CD BR®

column
Bonded-phase β-cyclodextrine grafted silicagel
Paticle size 10µm
Column void fraction(ε) 0.73
Pore size 120 Å

Detection UV at 254 nm

Kromasil®column
[slurry packing]

Bonded-phase O,O'-bis(4-tert-butylbenzoyl)-
N,N'-diallyl-L-tartar diamide 

Carbon content 15%
Packed density 0.79 g/ml
Paticle size 10µm
Column void fraction(ε) 0.70
Pore size 100 Å
Detection UV at 220 nm
HWAHAK KONGHAK Vol. 38, No. 3, June, 2000
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���
������
3.0(ml/min)� òJ8[É0 ð¿=�! 5, 10, 20, 50(µl) ð¿�� ww

> �O -§Ýæ; i� ���	
ã> òJ
 '6�Ú6. ö/ 100,

1,000, 5,000, 10,000, 30,000, 50,000, 70,000, 100,000(ppm)F� �ä8

´> ñz
 �n8[É0 ���	
ã> òJ
 '6�Ú6. -§;

��U ww> ÆÇ;0 UV detector> absorbance7) �Ü�> Á

ï ± -§Ýæ� Table 1; I��h6.

4. �� 
 ��

��� �¶·�¸> � 
 �×Ã ç%F� β-CD BR®, ODS-H80®,

β-CD, Kromasil® 4nq ÆÇ� -§; ���É0 `5�Ú6. ww>

ÆÇ;0 �Ü� Áï� 1 ml/min� �Z8� �� -§� �×�É0

8c> W��0 ���	
ã� �h6. Fig. 1� �É ODS-H80® Æ

Çk �ä8´> ÆÇ � �­8c� 20� Zz
 I��É0z ��

> 2É) �É;0 89� :� ;Ì�< ��
 n9F�0 �� �

�> ����n NO '�� C � 5� ÆÇabz »�  F� �

Ù]h6. 
�I �¶·�¸ �  ç%� ÷��" ./ Ñ {> �

�n I�Iq ¼�Ú� �� ���� I�=F�0 �¶·�¸> �

 ; %��q ¼�6!  � C � 56. β-CDÆÇ;0! �ä8´>

�­8c� 4� ���É0 �� ��
 ���Ú� �� �É> >?

��(tailing)� ßà�A I�26. -§; ��U 6� ÆÇ�6 �<

%F� ý� ïz�0 ÆÇ� R)�q� ��2÷> ôõk * �q

� ÆÇ> abz »q ¼Ã @� ��� � z f<� �Â,qq

¼�!  � C � 5h6. �j Y)�0 - ÌÍ) β-cyclodextrin�

amine functional groupF� ¥YU �Z� ��[β-CD]k [u L��

nq! ��� �¶·�¸� �� �� ����� � �q ¼/6�

�´U6. 
�I Fig. 1(a)Î (d); ��q!  AÇ β-CD BR®) Kro-

masil® ÆÇk ��� �¶·�¸� � Ã � 5h6. ���	
ã>

Y)�0 ��� �¶·�¸k ��� �����0 �j Hv> ��

�Ã� .30! β-CD BR®) Kromasil®� [u �Z�F� ÒZ¹

�O; HPLC;0 � ¹ � 5�� ��ðh6. i�0 ��� �¶

·�¸> � n n�/ Ñ {> ÆÇ; <30 -§Ýæ> òJ; i

� � z> òJ
 BC�Þ6.

β-CD BR® ÆÇ;0 �Ü� Ý�`> òJ; i� � &?> òJ


 �� ð¿=�; <�� Fig. 2; I��h� �Ü� Ý�`Î ð¿

=�> òJn � z; �o! ôõ� Fig. 3; I��h6. Fig. 2;

0 �Ü� ��& 0.1 M ammonium acetaten �nÃ�D � &?!

�n�Úq� � &?> �nn � z> �n
 l©8 �l�q!

�!  F� I�26. 
�I Fig. 3;0 I�IE� 0.1 M ammo-

nium acetate> �Ü� =�`b� 10%;0 30%!q F,; r; �

 zn ªï �n�ÚFI 40%;0! 30%�6 � zn �e�Ú6.


 � ð¿=�> �n; i� � z! �e�! �õ� I��h6.


�I ð¿=�; 'ª:� 0.1 M ammonium acetate> =� `b�

30%� r �Z�A »k � z
 I�G� C � 5h6.

�j Y)> V&� �6�" .3 R-Ibuprofen> �­8c� Fig.

4
 R3 �É 0� 6� ð¿=�;0 �Z/ �õ� I��!  � C

� 56. Ammonium acetaten 10%;0 20%� �n�É0 �­8c

k H�q� 30%;0 40%� �nÃ r �­8c� 68 �Dq!  �

C � 56. ���	
ã;0 ammonium acetate> =�`b� 20%

Î 30%;0! Ñ IJ ��& R-Ibuprofen> ��&?n Õ3 �O>

-§Y);0 10��
 I��!_ l�� 10%Î 40%� r 10��

� ]hFG � k ÆÇ�> �ä8´> � 8c� �,9� >��

G, ��=½ ÆÇ �;0 �ä8´n R)�! 8c� �nW� C �

56. � k � 8c� �,9; i� ��> ó� KA �! band

broadening� �<],E 0.1 M ammonium acetate> =�`b� 40%

� r;! � zn �e/  F� �&6. �j Y)�=½ β-CD

BR® ÆÇ;0 �ä8´> �­8c� ��D � z
 �L8[!  

� ��G, band broadening� nE4! �� nq ��@� ÆÇ a

b) � z
 -�%F� MO/6!  � C � 56. 
 � ��

Fig. 1. Elution profiles of racemic Ibuprofen for various species of
chiral columns.
(a) β-CD BR® column, (b) ODS-H80® column, (c) β-CD column
(slurry packing), (d) Kromasil® column(slurry packing)

Fig. 2. Effects of the volume percent of 0.1 M ammonium acetate and
the amount of injection volume on the separation factor for ββββ-
CD BR® CSP. Injection concentration of 1,000 ppm in methanol.

Fig. 3. Effects of the volume percent of 0.1 M ammonium acetate and
the amount of injection volume on resolution of Ibuprofen race-
mate for ββββ-CD BR® CSP. Injection concentration of 1,000 ppm
in methanol.
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� �¶·�¸> � ; β-CD BR® ÆÇ� ��Ã r � U Ñ {

> �� P Ñ IJ ��(R-enantiomer)> ��&?(k')n 10��� º!

�Ü�k %��q ¼W� C � 5h6. /4 0.1 M ammonium acetate

> =�`b� 50%� r;! 2N � n ]q ��F�0 HPLC


��/ � \ZF�0 ÝÈ� n�/ �Ü� Ý�`n OP�!  � Á

QÃ � 5h6. β-CD BR® ÆÇ;0! Fig. 3;0 ��«  AÇ s%

> � Ýæk �Ü� =�`b;0 0.1 M ammonium acetaten 30%&

�O� I�26.

Kromasil® ÆÇ;0 8´> ð¿ñz! 100 ppm, ð¿=�! 20 ml,

�Ü�Áï R.
 1.0-2.0 ml/min� <2�Ú� r, �Ü� �; hexane

) tert-butyl methyl ether> =�`b� òJ�� -§3 ¤ Y) hexane

> =�`b� 85%Î 75%;0! �> `S/ � z
 I��hq�

hexane> =�`b� 75%;0 Hc * Tk � z
 ��ðhFG

hexane> =�`b� 60%;0! � zn �e]h6. �j -§Y)

�=½ Kromasil® ÆÇ;0 %�/ �Ü� Ý�`! hexane/tert-butyl

methyl ether/acetic acid[75/25/0.1, v/v%]U� C � 5h6.

��� �¶·�¸� y�/ ������� � n n�VW Ñ {

> ÆÇ� `5�" .�� Kromasil® ÆÇ) β-CD BR® ÆÇ;0 w

w> ÆÇ; %�/ �Ü� Ý�`�� Ñ {> ÆÇ� `5�� �Þ

6. 8´ñz! 1,000 ppmF� ð¿�Ú� ð¿=�! 5 µl� �Z8�

��;0 �Ü� Áï� òJ8[É0 � z
 Ý�/ Fig. 5
 �É Ü

�/ -§Ýæ;0 Kromasil® ÆÇ> � zn * »k  � C � 56.

i�0 Kromasil® ÆÇ� β-CD BR® ÆÇ�6 * 'k ���� 7�

Fig. 6; I��h6. β-CD BR® ÆÇ;0! Ñ {> ��; 3�]!

S-enantiomerÎ R-enantiomer> ����n `S�ÚFI Kromasil® Æ

Ç;0! Ñ IJ ��; 3�]! R-enantiomer> ����n S-enan-

tiomer> �����6 * 'Þ6. � U Ñ {> �� P;0 IP;

I4! ��! ÆÇ �;0 ��2÷> ôõ� * #!6. 
�I .

> Y);0 ��«  AÇ Kromasil® ÆÇ;0! R-enantiomer> �

���n '" r$; β-CD BR® ÆÇ�6 ÆÇ �; �� 2÷> ôõ

� ��� C � 5h� * »k � z
 I�X � 5!  �6. �l

%F� � zn 1.5��� ¹ r Ñ {> ��n PY]q �! � n

�Â,«6!  � �D�É Ñ {> ÆÇ;0 ÕÑ � zn 1.5���

xF�� ��> � ! �-M ¦�],«6� Z � 5FG 
 P;0

Kromasil® ÆÇ> �O w ��; band broadening� ��0 * »k

�  Y)
 I��h� � z! 2.0��� ÁqÃ � 5h6.

Kromasil® ÆÇ� ���� ��� �¶·�¸> ð¿ñz! 100 ppm

F� �Z8[� ð¿=�
 ÷ �� �Ü� Áï> �n; i� � 

z> òJ
 Fig. 7; I��h� �Ü� Áï� ÷ �� ð¿=�>

�n; i� � z> òJ
 Fig. 8; I��h6. Fig. 7;0 �É ð

¿=�
 6�A �Ú� �O; �Ü� Áï� �nÃ�D � z!

�e/6!  � C � 56. LM Áï� �[ �O; � z! ð¿

=�> òJ; i�0 ì�n 5h6. 
�I �Ü� Áï� 3 ml/min

��F� <2Ã r ð¿=� òJn � z; �o! ôõ� 6e �

�q!  � C � 56. Fig. 8� �É �Ü� Áï� �Z], 5�

r ð¿=� �nn � z; ,\A ôõ� ð!q
 ��M C �

56. �Ü� Áï� 1.0 ml/min�=½ 10 ml/min!q ww> Áï;0

BC�É n$ �[ Áï& 1.0 ml/min;0 ð¿=� �n; i� �

 z
 I��! 
�· Á�� �e�! ��
 º!  � Z � 5

6. 
�I Áï� �nW; i�0 ð¿=�> �nn � z; �o

! ôõ� gì 	,36!  � 
�·> "�"n ��q!  F�

=½ BC Z � 56.

� V&� BC�" .�� S-enantiomerÎ R-enantiomer> ���

�
 Fig. 9 | 10; ww I��, ww> Áï;0 ÆÇ> ab�

Ý��� �Þ6. �Ü�> Á�� 1 ml/min� r; ð¿=� �n!

����
 �e8]6. 
�I �Ü� Á�� 3 ml/min ��F� �q

A ]É ð¿=� �n! ���� 7; òJ
 ð! �õ� ��9F

Fig. 4. Effects of the volume percent of 0.1 M ammonium acetate and
the amount of injection volume on retention time of (R)-Ibupro-
fen for ββββ-CD BR® CSP. Injection concentration of 1,000 ppm in
methanol.

Fig. 5. Comparison of resolution with eluent flow rate between ββββ-CD
BR® and Kromasil® columns. Injection concentration of 1,000 ppm
and injection volume of 5µµµµl.

Fig. 6. Comparison of theoretical plate number between ββββ-CD BR® and
Kromasil® columns with eluent flow rate. Injection concentra-
tion of 1,000 ppm and injection volume of 5µµµµl.
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������
�� ð¿=�> �nn ÆÇ ab; � ôõ� ðq �!6!  �

C � 5h6. ��=½ �Ü� Á�� 3 ml/min��;0! ð¿=�

òJn � z; � ôõ� ðq ¼W� ÁQ3 Z � 5h6. � Y

)! ��� �¶·�¸� � �! \Z; 5,0 Kromasil® ÆÇ�

��Ã �O ð¿=�> ôõ� �Ü� Á�> òJ; `�� ÆÇ a

b; �<%F� �k ôõ� �6!  � C � 5A 3�6. /4 �

Ü� Á�� �Z/ 7F� �n�A ]É ð¿�> �nn � \Z>

� z
 �e8[q ��F�0 \Z> 7~�� ���!_ Á Ã

� 5�  F� �ÙÃ � 5h6.

�¶·�¸> ð¿ñz
 100 ppm;0 100,000 ppm!q �n8
 w

w> ñz;0 �¶·�¸� � U ���	
ã� Fig. 11; I��h

6. 100 ppm;0 5,000 ppm!q ��! �> Ü�/ �­8c; I�

2FG MO<ø ��& nO8ë ��
 ��ðh6. 5,000 ppm;0

100,000 ppmF� �n]h� r ñz> �n; i� �­8c� H�

qÉ0 �� ��! MÙF� "�,q! `Ò� ���	
�· ��


 I��h6. ñzn �nÃ�D 6e `<ø ��
 ��É0z ñ

zn 100,000 ppm!q Ñ { ��> � z! 1.5��� ÁqV� �

�> 2É) �É> ��n >? ��(tailing)� �> :! ��
 Á

q�Ú6. �j Y)�=½ ñzn �nW; i� ��2÷> ôõ�

�A ÷�qq ��� C � 5h6.

5. � �

¤ ¥¦;0! �=nno
 º� 5! ��� ���� >Hv& �

�� �¶·�¸� [u �Z�� ���� �� �� ����� �

��Ã�" ./ -§� �×�Ú6. ~È� ���	
�� "#) ¥

Fig. 7. Effect of the eluent flow rate on the resolution of Ibuprofen for
Kromasil® CSP.

Fig. 8. Effect of the amount of injection volume on the resolution of
Ibuprofen for Kromasil ® CSP.

Fig. 9. Effects of the eluent flow rate and on the theoretical plate num-
ber of (S)-Ibuprofen for Kromasil® CSP. Injection concentra-
tion of 100 ppm in hexane.

Fig. 10. Effect of the amount of injection volume on the theoretical plate
number of (R)-Ibuprofen for Kromasil ® CSP. Injection concentra-
tion of 100 ppm in hexane.

Fig. 11. Elution profiles of Ibuprofen with increase of input concentra-
tion for Kromasil ® CSP. Eluent flow rate of 2 ml/min, eluent
composition of hexane/tert-butylmethyl ether/acetic acid(75/25/
0.1, v/v%).
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igh

,” J.

,

c

i

ter-
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ase
ï<2� Õ��! ���	
�� "#� {1�" ./ "Ï¥¦n

]zD �" .�� %Û/ [u �Z�� áFÉ0 
; %�/ -§

Ýæ� ̂ �/ -§� �×�� 6�) ék Y�� �h6.

²_> �È� ÆÇ) �� | _�;0 {1 P& [u ��� �

�  �� �È� R3 f�/ ÆÇ@� ���� -§/ Y) ���

�¶·�¸> � 
 n��A �! �Z� ���0 β-CD BR® ÆÇ

) Kromasil®� %��6!  � C � 5h6. w [u �Z�; <

3 n$ %�/ �N Ý�`
 á�0 Áï) ð¿=� ± <2Ýæ�

Ü��A �� -§� �×/ Y) [u �Z� ���0 Kromasil®

� ��  ���� ��/ ÆÇ;0 β-CD BR® ÆÇ;0 �6 * »

k � zÎ ����
 �� � 5h6. Kromasil® ÆÇ� ~È� �

��	
��� ���� ð¿=�Î �Ü� Áï> òJ; i� � 

z> òJ
 BC¤ Y) �Z/ Áï ��� ]É ð¿=�> �nn

� z
 �e8[! �õ� `5% ��9� C � 5h6. i�0

V�! LZ � z
 �� � 5! �Ü� Áï;0 V´> ð¿��

FDnÉ0 7~�> õ�� nE4 � �ÙÃ � 56. ��� �¶

·�¸> ñzn 100 ppm;0 100,000 ppm!q -§/ R. �;0

� z! 1.5��� Áq]É0 ÆÇ �;0 ñz> �nn ��2÷

> òJ; �o! ôõk �6!  � C � 5h6.

� zn �� � 5! s% -§Ýæ@k 6�) é� I�26. �

Ü�> Ý�`n � z; �o! ôõ� Ý��! -§)Z� R��

β-CD BR® ÆÇ;0! 0.1 M ammonium acetate/acetonitrile(30/70, v/v%)

n � z
 �A 3ð! _; n$ %�/ �Ü� Ý�`; 3�W�

C � 5h6. ö/ �Ü� Ý�`
 òJ8[É0 ÒÓz(selectivity)


 �n8[*�z ÒÓz> �nn l©8 � z> �n
 nE4!

 k ���!  � C � 5h6. Kromasil® ÆÇ;0! s%> �Ü�

Ý�`n hexane/tert-butyl methyl ether/acetic acid[75/25/0.1, v/v%]�

I�2FG β-CD BR® ÆÇ;0�6 Kromasil® ÆÇ;0 �Ü� Ý�

`> òJn � z; �o! ôõ� �<%F� �Þ6. s%> � 

z
 I��! ÝÈÝæk �Ü� Áï� 1 ml/min� �OÎ ð¿=�

! 5µL;0 n$ 'k � z
 I��h6.

� �

¤ ¥¦! )�"#=> `J�\Z "#{1�È(98J02-03-01-A-01)

; >3 �×]hFG Kromasil®í«f
 "�3 ð` P. T. Jageland

(Eka Chemicals, 9ab)Î ¥¦�×; 5, �� nq cP/ Ýd�

3 ð` eO�f(RMC Korea);A ��©g�6. ö/ [u� í«f


 fÝ�� ¤ ¥¦; zh� ð` 0�<�5 m�J�= �Ói 5

�j) k�)Z l�¢j;Az ��©g�6.

����

RS : resolution

tR : retention time [min]

t0 : dead time [min]

Mm : amount of solute in the mobile phase

Ms : amount of solute in the stationary phase

α : separation factor

w : bandwidth [min]

k' : capacity factor

N : number of theoretical plates
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