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�*+, *-#. .� ��/0 �*� 1 23 '(4�� �� 56/4�� Langmuir /0 %7*-48 Langmuir �

� �� !" �*9 :*; NLSF(nonlinear least squares fitting) '(0 <=*-#. > 23 '(4�� ?@� AB"

C�9 :D '(4�� 9E� '(F� #GH IJAB" K*; �� �� ! L0 M0 ! NO#. � 23 '(P �

� 56/4�� competitive bi-Langmuir /0 %7*+ QR �� ST'(U pulse method�� tR(retention time)F dq/dC

V?" <=*-#. � �%& '(0 K*; ��/� �� ! L0 �W ! NO#. X�YZ[\]" �=D ^_ �`

a� bc	W�� �dIeP ^_ +7� fg h� ij!&/4�kl m ! Nn� ��56, +7�F �op=� q

� ij� �dIe(dead time), fg h� +7�F �Q�� k]r(�r) [
+ fg s
tu�kl v7w#. � ���

�� �dIe� xy0 z� {U |�� fg s
tu} �r� +7*-+ ��56F �r� xy0 z� ~�~�F �

dIe <�� �VV?/0 MO#. Dead time� xy0 z� ~�~�4�� �Q� ~�, �Q� ��F �dIe<�� �

VV?/0 MO#. ;9� MP �VV?/�0 �=*; Ie� �� ~�~��  ��kl �dIe�  �" m ! NO

+, � vF" �=*; Ie� �� ~�~��  �% �dIe� xy0 z�� 	
u�  �" ��W ! NO#.

Abstract − In this study, three methods were employed to obtain adsorption parameters for S, R-(±)-Ibuprofen enantiomers.

In the first method, Langmuir isotherm was assumed and nonlinear least squares fitting was applied to obtain Langmuir adsorp-

tion isotherm parameters. The second method was used to obtain adsorption isotherm parameters by the way which is different

from conventional methods to reduce computation error. In the third method, competitive bi-Langmuir equation was assumed.

Pulse method which is a dynamic adsorption experimental method was used to derive a relationship between the retention time

(tR) and dq/dC. In the optical separation of chiral drug by chromatography, the retention time depends on adsorption equilibrium,
dead time, phase ratio, the column packing density. Among chromatography system variables, the column packing density and phase

ratio were fixed, but solvent compositions and solvent flow rates were employed as operating parameters in this study. Correlation

equations between the retention time and operating conditions were obtained from the experimental results. This correlation equation

would allow us to predict retention time change with operating conditions. Also resolution could be predicted. 
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. ���> ��?4 @�ABC D
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)

@� _�� D^� k�� aJL ��>� l� mn o?p, � �

dq Ef+ 3� r@s)L st Au� o� va�� �h� wx

N 
#[2]. y� z. 01?4� �� o� Pa�� frontal analysis 0

1\ �{ )�� �� Z[ _�+| Pa�}4 ~�� ���� ��

��� �R ii� 3�6K� �� Z[� _�+� .�
w �#.

�~� � UV+�� �{ )�� �� I= �)J6K� QR��

� S� _�
C D
E �zO� {��d4 ��N 
� z. O

�+� �� Z[� _�
� � �w 01� >A
Y#. EC� Pa

� BM ���, �FG4H+ 3� BM N�O $%L �zO� ��,

&)�Q �. ��&(+ 3� UV!L� �� �N� � 
#[3].

N)* 56 74829:;4fg ��� {��� L�\ ��J

L �zO P�� �� O�'a+ �� 6�Au� ��4 !��#

[4]. �� ~�� ���� BM N�O 74829:;+� ����

"\ � �� I= �)J6K� BM N�OL O�'a� 
�� {

A./ f� �6 �)J��� ��) ��+ �^ I=��� � 

�w� "�#[5].

I=��� D
E [X�� L�\ ~�� ���� �¡S+ ¢£


E ��< �*
¤ � "?4 ¥_�� N�O� [¦
� "�#

[3]. ��� §¨� ©�J W 
� N�O �J� ª\ « �����

	�ABC D� L�?4� 6�Au+ ¬­� ®� &¯&(� e�

< ]
E ­O� ��d< ©� W 
#. 6�Au\ BM N�O $

%°� �JWwS?4fg ± W 
²� ��� , N�OL O�'a

� ³� �J� 6�Au(dead time), $% °� N�OL �zO� f

;�(O�) 9�N $% ´µ¶d4fg !��#. �~� � UV+�

� z. O�+� �� Z[� _�
� � �w 01?4� · ¸¹�

#º &¯&(� {�
¤ 
Y� » ��� + ¬­� ®� &(?

4 ®�cd< ¼�AB� 01L � ¸¹ ®�cd� �zO °� �

�J� cd�# ½¤ ¾w
N �zO °+ ��J� cd< ¼�A

B� 01� 
#. Dead time+ ¬­� ®� &(?4� �zO &)e

�¿ �zO ¾�e��#. $% ´�¶d¿ O�� $% ÀÁ01L

��>� 7C� ¬­� Â#.

� UV+�� 6�Au+ ¬­� ®� �/ �+� $% ´µ¶d¿

O�� N�
YN ��� L O�+ ¬­� ®� &¯&(L 6�A

uP�� O,,�S� ©Ã#. Pulse method< ]^� competitive bi-

Langmuir isotherm� V
YN, ®�cd� ¼�+ �~ 6�AuL O

,,�S� �[  �v¡Ä1� ]
E ©Ã#. Dead time+ ¬­�

®� &¯&(?4Å �zO &), �zO ¾�L 6�AuP�� O,

,�S� ©Ã#. EC� ©\ O,,�SK� �a
E Au+ �º

&¯&(� e�4fg 6�Au� e�< ± W 
ÃN, � !L< �

a
E Au+ �º &¯&(� e�� 6�Au+ ¬­� ®}4 �

�d� e�< ¥_� W 
Ã#[6-11].

2. ��� ��

QR ��S� V
� · ¸¹ 01?4� Langmuir S� ��
Y

?p $% °� �JWwS?4fg ��� Langmuir S� ¾d�Ã#.

�zO °� AÆcd¿ aJ� $% °� 6�Au� eW4
E

nonlinear least squares fitting(NLSF)� �a
E �� Ç�eW< V�

W 
Ã#. � ¸¹ 01?4� �È� É�< Ê�C D� 01?4�

CË� 01L� #º AXÉ�< ]� 01� Pa
Y#. [  74

829:;< �Ì°� ®�AÆ cd¬Í+� Langmuir S� aÎ�

��
Y#. ��� aÎ\ �[  74829:; ¬Í+� ¼�� A

Æ cd+� Langmuir S� ii� bÎ� V
�� Pa
Y#. EC

� V^µ ii� bÎ\ [  ¬Í+� ��� aÎ+ CÏ� �� V^

µ ii� bÎ� ]
E �[  74829:; ¬Í� CsÎ� Ð Ñ

�@� V
�� �a
Y#. · ¸¹ 01L� Í?4 V^µ Cs Î�

Pa
E Cm ÎL NLSFÒ?4Å �[  ¬Í� st ��g+ ¢Ó�

Langmuir S� �� Ç�eW bÎL W�� aÎ� V� W 
Ã#.

· ¸¹¿ � ¸¹ 01� ]
E ��Ç�eW< V
� 01� Ð

Ñ ¡�� CÔ
� #ÕL Ö#. BM N�O�J/ KromasilL ii

� �FG4H 3�6K\ ×Ø. �� ,�� �Ù� ��
N �)

J6� QR �� Z[S� Langmuir S?4 ��� "�#. ���

Langmuir S\ �:¿ Ö#. 

Cs=aCm/(1+bCm) (1)

Cs� N�O+�� AÆ� cd�N Cm\ �zO+�� AÆ� cd

�#.

S (1)+� Cs< Cm?4 ��� Ó[CÚC< �� �:¿ Ö#.

dCs/dCm= a/(1+bCm)2 (2)

� S� �JWwS+ 3�
� �:¿ Ö\ S� ¾d��µ#. 

a/(1+bCm)2=k'β/ρs=(tR−tO/tO)β/ρs (3)

EC+� tR\ aJ� $% �� 6�Au�#. a-/¡ k'� �zO

+ 
� �TAÆ lL N�O+ 
� �TAÆ l� �4 ���#. tO
� aÇ ×��� $% ÛV+ d�
� Au?4� �TAÆ� �zO

°+� a^�w �� ×Ü� 6�Au+ OÝ
p $% dead time�~

f�Cd �#. β� O�4� $% °� N�O� f;+ 3� $%°

�zO� f;4 �Ì°�µ#. ρs� BM N�O� ́ µ¶d< �ÌÞ#.

D S+� β¿ ρs Î\ {�
}4 CmÎ� 0+ �ßàw� ®�cd

� �® '\ ¬Í+�� aÎ� Éá k'Î+ �ËÒ� ± W 
#. EC�

aÎL bÎ\ (k'β/ρs)
0.5< yâ?4 
� ReciprocalMod(two parameter

linear reciprocal function)[12]< ãä4 
E NLSF< Ò?4Å áÓ V

� W 
#. Fitting 01\ Levenberg-Marquardt algorithm+ CÏ� 0

1?4Å Origin®’s nonlinear regression method< Pa
Y?p �@

d� !��W(r2)4 �Ì°Ã#.

� ¸¹ _�01\ �� Ç�eW< V
�� 
�� st��g¿

� É�< Ê�C D
E AXÉ�. 01� Pa
Y#. S (3)?4f

g k'Î� {�
¤ �É� [ ¬Í+� aÎ� ÏC� aÎ a04 ��

� W 
Õ� ± W 
#. st+ Pa� ¼�� ii� CmÎ+ 3�

6�Au� V� W 
?}4 tR4fg k'< V
E S (3)+ 3�
�

CmÎ+ 3� dCs/dCmÎ� V� W 
#. S (3)� aÎ+ ÏCÎ a0< 3�


N ii� CmÎ+ 3� dCs/dCmÎ� 3�
E ii� CmÎ+� i

i� Langmuir �� Ç�eW bÎ� V�#. EC� bÎ\ �[  ¬

Í+� ii� ®�cd+ �~ #º Î� �w¤ ��� �� [ ¬

Í+� ��� aÎ+ CÏ
E �[  ¬Í� �� Ç�eW bÎ� á

Ó VÒ?4Å st��g4fg Ð Ñ �@� CsÎ� V^J "?4

¥O� W 
#. �å¤ V� Langmuir �� Ç�eW bÎKL ÏC+

��� a04fg ii� CmÎK+ 3� CsÎK� V^w� #A � ��

�  ��g< Cs< yâ?4 
� RectHyperbola(Rectangular hyperbola

function)[12]< ãä4 
E NLSF
� · ¸¹ 01�# É�� .\

Langmuir �� Ç�eW aÎL bÎ� S (4)+ �^� V� W 
#.

ReciprocalMod: y=a/(1+bx) RectHyperbola: y=abx/(1+bx) (4

� ̧ ¹ 01\ BM N�O�J/ KromasilL ii� �FG4H 3

�6K\ ×Ø. �� ,�4 ��
N competitive bi-Langmuir

isotherm[2]� ]
E ��Ç�eW< V
Y#. ��st\ z. 01

� pulse method� tR(retention time)L dq/dC,�[3]< Pa
Y#.

(5)qi

ai l, Ci

1 bA 1, CA bB 1, CB+ +
---------------------------------------------

ai 2, Ci

1 bA 2, CA bB 2, CB+ +
---------------------------------------------+=
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EC� qi� N�O+� ~�� AÆ� cd�N Ci� �zO+� ~

�� AÆ� cd�p, CA¿ CB� �zO+� �{ I=�)J6� c

d< �ÌÞ#. a, b, c� �� Ç�eW< �ÌÞ#. S (5)+� qi< Ci

4 ��� Î� yÎ?4 
N CA¿ CB� AÆ� ~��  ��}4

Ci /24 
E �[  æç�T� ]
E è S� ��Ç� eW< V
Y#.

dqi /dCi� �JWwS?4fg �:¿ Ö\ Î?4 ¾d�#.

(6)

EC� tR\ 6�Au� �Ì°N t0� dead time�p F� $% °�

N�OL �zO� f;< �ÌÞ#.

Bi-Langmuir isotherm� ��Ç� eW< V
C D
E dqi /dCi< W

S?4 V� é S (6)� !L4 9 Î� 36
N Ci¿ dqi /dCi Î� NLSF


E ��Ç� eW< V
Y#.

6�Au\ dead time� st� ]^ V^w� a-/¡4 êëì W


?p a-/¡� �JWwS?4fg �FG4H 3�6� N�OL

�zO+�� J-�4 êë�� EC+ O�< í
N ´�¶d4 �

î� dqi /dCi4 �Ìï W 
#.

#º &¯&(� {�
¤ 
Y� » ��� + ¬­� ®� &(?

4� ®�cd< ¼�AB� 01L ®�cd� �zO °� ��J�

cd�# ½¤ ¾w
N �zO °+ ��J� cd< ¼�AB� 0

1� 
#. Dead time+ ¬­� ®� &(?4� �zO &)e�¿ �

zO ¾�e��#. $% ´�¶d¿ O�� $% ÀÁ01L ��>�

7C� ¬­� Â#.

3. 	 


� st+ Pa� HPLC� $%\ Kromasil®´µ>(Eka Chem.,

Sweden)< °×� 4.6 mm, ð�� 25 cm/ stainless-steel $%(Alltech)

+ ñj� ÀÁ
E Pa
Y#. st+ Pa� �zO aÇ� hexanes

(95% n-hexane), tert-butyl methyl ether[99.8%, HPLC grade, Aldrich

Chemical Co.], acetic acid, Glaial[Baker Analyzed'® HPLC Reagent]<

Pa
Y#. �zO� &)�� hexane/tert-butyl methyl ether/acetic acid

(75/25/0.1, v/v%)< Pa
Y#. st+ Pa� ��>� wò 10µm�

Kromasil®(Eka Chemicals)� Pa
Y��, � �J\ s�óô+ O,O'-

bis(4-tert-butylbenzoyl)-N,N'-diallyl-L-tartar diamide� �¾!�� �J

4, _�� particle density� � 0.77 g/ml�#. st+ Pa� AÆ ~

�� �FG4H\ õ{>�+� >�ö\ "� Pa
Y#.

� st+� Pa� st�÷� NøùG(Young-Lin M930) 2�, injection

system(syringe+sample loop), gradient mixer(Waters), UV spectrometer

(Young-Lin M720), data aquisition(Young-Lin, Autochrowin)� Pa


Y#. st\ isocratic mode¿ gradient mode+� Au+ �~ �zO

°� AÆ� cd, �zO &)�, �zO ¾�� e�Aú st
YN

UV detector� ��g ãû+ U!�� ãû+� PC4 ��g< �q

^ ;7� �.L ½�, 6�Au� ©� W 
#. AÆ� ®�\ 0.05 ml

®PC< Pa
N üý  G� 10µl, 20µl< Pa
Y#. Absorbance

Î\ 270 nm+� ¾Û�� )�� þÛ
YN dead time(tO)� V
C

D
E �zO )� � 
�/ hexane� Pa
YN AÆ� ®� cd

ÿD� 0.0016925 g/ml+� 2.3695 g/mlßw�#. ÀÁ �J� ´µ
C

D^ ñj� À�[Altech model 1666]< Pa
YN HPLC< ®� f

��4 �î� NøùG[Waters 510], Injector, $%, UV spectrometer

[Waters, Lambada-Max model 481] � data acquisition[Young-Lin, Autochro

win]?4 �� W 
#.

BM N�O�J/ KromasilL ii� �FG4H 3�6K\ ×Ø

. �� ,��� �i
� ii� �)J6� QR �� Z[S� bi-

Langmuir S?4 ��� W 
#.

Competitive bi-Langmuir isotherm[1]� V
� ��st\ z. 01

� pulse method� tR(retention time)L dq/dC,�[2]< Pa
Y#. ®

�cd� ~�� �FG4H 20 mg/ml, �zO¾�\ 1.5 ml/min4 N

�
N gradient mode< �a
E �zO °+ ~�� �FG4H� c

d< 1 mg/ml-5.5 mg/ml4 0.5 mg/ml� ¼�Aú 6�Au� e�< _

�
Y#. ®�cd� e�¿ 6�Au� O,,�S� ©C D
E

isocratic mode+� ®�cd< 0.00016925 g/ml-0.23695 g/ml4 ¼�A

ú 6�Au� e�< _�
YN, �zO ¾�e�¿ 6�Au� O,

,�� isocratic mode+� 0.1 ml/min-10 ml/minßw ¾�� ¼�
E

st� WX
Y#. �zO &)� e�¿ 6�Au� O,,��

gradient mode+� &)�� e�+ �~ 74829�� CÂ[� �

���� Au� @/� é st� WX
Y#.

4. �� 
 ��

~�� �FG4H� BM N�O� �a
E ��� é ��� ii

� �)J6K� QR�� Ç�eW< V� 	.?4 z. ��01�

WX
Y#. z. 01+ �^� QR�� Z[� V
� ×Ü ��J

L ��> P�+ �J�q� ¬­� Ë

¤�#. Fig. 1\ �J�q

+ ¬­� Ê W 
� ®�f;, �zO ¾�, �zO� &)� e�¿

Ö\ st&(� {�
¤ ¾w
N ��< 	.?4 
� ~�� �

FG4H� cd|� e�Aú V^µ 74829��#. Fig. 14fg

¼�� AÆ� cd+ 3� �FG4H 3�6K� 6�Au� ± W


#. 9�+ �Ì°w � � �d4 ��
Yw| ~�� �FG4H

� ®�cd� 0.0003385 g/ml¿ 0.0016925 g/mlP�+�� 6�Au�

6.57 min?4 z{
¤ �Ì
#. �4fg [ 74829:; ¬Í�

¥_ �*
Y#. S (2)¿ (3)+� ± W 
²� 6�Au\ dead time

� st� ]^ V^w� a-/¡4 êëì W 
?p a-/¡� �

J WwS?4fg �FG4H 3�6� N�OL �zO+�� J-

�4 �Ì°��� ± W 
#. AÆ� ®�f;� 10µl�N �zO ¾

�� 1 ml/min�}4 AÆ� ®�Au\ 1/1,000 min?4� ÇÜ '\

Au�� ± W 
#. �"\ S (3)+� a-/¡� dCs/dCm4 êë�

�w� "� Ì�
¤ ̂ Â#. �å¤ �Ì°�µ S (3)+� CmL Cs�

�[  ,�S?4 êë�?4 �S� �[  �v¡Ä1?4 ��

Langmuir S� �� Ç�eW a¿ bÎ� áÓ V� W 
¤�#. � 0

tR C( ) t0 1 Fdq
dC
-------+ 

 =

Fig. 1. Elution profiles of Ibuprofen with increase of input concentration
for Kromasil ® CSP. Eluent flow rate of 1 ml/min, eluent composi-
tion of hexane/tert-butylmethyl ether/acetic acid(75/25/0.1%).
���� �40� �3� 2002� 6�
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1?4 ~�� �FG4H� BM N�O $%� ]^ ��� S-(+)-

IbuprofenL R-(-)-Ibuprofen\ ii� ���  Ç�eW< NLSF
E

Fig. 2(a)¿ (b)+ �Ì°Ã#. fittingÎ� �@d� !��W(r2)4 �Ì

°Ã#.

Fig. 2(a)¿ (b)� !��W� ii 0.936, 0.8654� st��g4f

g fittingÎ� �u É�� 
Õ� ± W 
#. st��g4fg É�

< Ê�C D^� AXÉ�. 01� Pa
Y#. Fig. 3(a)¿ (b)+ CmL

Cs< NLSF
E V� �� Ç�eW a¿ b< �Ì°Ã#. Fig. 3+ êA

��µ Cs��g ÎK\ [  74829:;+� �� Ç�eW aÎ

� �����N � Î� S (3)+ 3�
E �� Ç�eW bÎK� á

Ó V^�#. � Î\ CmÎK+ 3^� iC #º �� Ç�eW bÎ

?4fg CsÎK� V^µ "�#. � ��g Î\ iC #º S?4f

g ¾d� ÎK4� �� 01� ]^ st��g¿� É�< �v�

� W 
Ã#. Fig. 3� r2Î� Fig. 2� r2Î�# 1+ ¢ÓÒ?4Å �

�Ç� eWÎ� V
�� � ¸¹ 01� �4� 01?4 ¾a
¤

.aì W 
Õ� ± W 
Ã#.

Fig. 4+�� S (6)+� st?4fg V� dqi /dCi¿ st+ Pa�

CiÎ� S (5)4fg ¾�� competitive bi-Langmuir isotherm� ��S

� ãä4 Pa
E �[  �v¡Ä1?4 fitting� "� �Ì°Ã#.

!��W(r2)� 0.99843?4 · ¸¹¿ � ¸¹ fitting!L�# �@


YN �4fg ¾�� QR��S� Ç�eW Î� V� W 
Ã#. 9

!L S-(+)-Ibuprofen� QR ��Z[S\ Fig. 54 �Ì°�wN QR

��S\ S (7)L Ö#.

(7)

Fig. 6+�� �zO ¾�� 0.1 ml/min-10 ml/min4 ¼�A�� » 6

�Au� �v
� O,,�S[4]� �Ì°ÃN .a� S\ �:+ 


qi
1.94875Ci

1 0.15395CA 0.22172CB+ +
------------------------------------------------------------------

1.41843Ci

1 0.00139CA 0.00067CB+ +
------------------------------------------------------------------+=

Fig. 2. (a) (k'ββββ/ρρρρs)
0.5 vs. Cm plot of S-(+)-Ibuprofen for determination of

Langmuir isotherm parameters, (b) (k'ββββ/ρρρρs)
0.5 vs. Cm plot of R-(-)-

Ibuprofen for determination of Langmuir isotherm parameters.

Fig. 3. (a) Cs vs. Cm plot of S-(+)-Ibuprofen for determination of Lang-
muir isotherm parameters, (b) Cs vs. Cm plot of R-(-)-Ibupro-
fen for determination of Langmuir isotherm parameters.

Fig. 4. Ci vs. dqi /dCi plot for determination of competitive bi-Lang-
muir isotherm parameters.
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Fig. 5. Competitive bi-Langmuir isotherm for S-(+)-Ibuprofen.

Fig. 6. Retention time vs. flow rate plots for determination of correla-
tion equation.

Fig. 8. Retention time vs. injection concentration plots for determina-
tion of correlation equation.

Fig. 9. Effect of the injection concentration on the asymmetric factor.

Fig. 7. Retention time vs. composition ratio of tert-butyl methyl ether in
solvent plot for determination of correlation equation.
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RS : resolution

tR : retention time [min]

tO : dead time [min]

Mm : amount of solute in the mobile phase 

MS : amount of solute in the stationary phase

w : bandwidth [min]

κ' : retention factor

Cm : concentration of the solute in the mobile phase

Cs : concentration of the solute in the stationary phase

β : rate of variation of the modifier concentration in gradient elutio

phase ratio

ρs : density of the mobile phase

r2 : regression coefficient, correlation coefficient

F : phase ratio

����

1. Renato, R. and Massimo, M.: Ind. Eng. Chem. Res., 35, 199(1996).

2. Jana, J. and John, F.: J. Chromatography, 316, 53(1984).

3. Song, T. H., Suh, S. S., Kim, Y. D., Lee, J. K. and Park, D.: HWA-

HAK KONGHAK, 38, 373(2000).

4. Thomas, E. B. and Raymond, P. W. S.: “Chiral Chromatography,” Chap-

ter 8(1998).

5. Hyun, M. H.: “Separation of Optical Isomer by LC,” Min-Um Sa

Seoul, Chapter 2(1996).

6. Guiochon, G., Shirazi, S. G. and Katti, A. M.: “Fundamentals of P

parative and Nonlinear Chromatography,” Academic Press, Inc., Lond

Chapter 3(1994).

7. Ganetsos, G. and Barker, P. E.: “Preparative and Production S

Chromatography,” Marcel Dekker, New York, Chapter 6(1992).

8. Subramanian, G.: “A Practical Approach to Chiral Separations 

Liquid Chromatography,”VCH Verlagsgesellschaft mbH, New York(1994)

9. Pryde, A. and Gilbert, M. T.: “Applications of High Performanc

Liquid Chromatography,” Chapman and Hall, London(1979).

10. Hamilton, R. J. and Sewell, P. A.: “Introduction to High Performan

Liquid Chromatography,” second edition, Chapman and Hall, Lond

(1982).

11. Krstulovic, A. M.: “Chiral Separation by HPLC,” Ellis Horwood Ltd.,

Paris(1989).

12. Ratkowksy, D. A.: “Handbook of Nonlinear Regression Models,”  Marcel

Dekker(1990).

S-(+)-lbuprofen R-(−)-lbuprofen

Rt=2.337+13.369 exp(−x/11.563) 
+4.448 exp(−x/54.889)

(x� �Q�|� tert-BME� ~�r)

Rt= −297.14+23.52 exp(−x/15.98) 
+302.13 exp(−x/17567.95)

(x� �Q�|� tert-BME� ~�r)

Rt=0.0582 exp(−x/18.1371�+3�2172
(x� �Q�|� n-hexnae� ~�r)

Rt=0.0927 exp(−x/18.05012)+3.4487 
(x� �Q�|� n-hexnae� ~�r)

S-(+)-lbuprofen R-(−)-lbuprofen

Rt=135.25 exp(−x/0.09327)
+22.009 exp(−x/0.754)

+1.2959 exp(−x/−6.268E100)

Rt=186.84 exp(−x/0.0929)
+29.91 exp(−x/0.7648)

+1.734 exp(−x/−6.529E106)

S-(+)-lbuprofen R-(−)-lbuprofen

Rt=3.56277+0.97711 exp(−x/0.02531)
+2.02167 exp(−x/0.51135)

Rt=7.29094+0.35065 exp(−x/0.00457)
+1.38451 exp(−x/0.05803)

qi

1.94875Ci

1 0.15395CA 0.22172CB+ +
------------------------------------------------------------------

1.41843Ci

1 0.00139CA 0.00067CB+ +
------------------------------------------------------------------+=
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