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2 . Dispersive Liquid-Liquid Microextraction 
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   TXW��� /� .'�1<X��2  %�X
��    5X�� ��mX=(Alfrey et al., 

1966) :  
  
  

 FW���2(  nt tK
M

M .=
∞

  
  
  

  FXXW��� �XX�� �'t   *|�XX1� $�XX�/Mt   :�XX<6� 5XXy�7
em2   $�X�/ /� C= )�W� F� .!@ t *M∞    :�X<6� 5Xy�7
em2  *:'��� $��/ �' .!@K  X�8I�T    0 :!X� 5X��Jn 

�8I�T  $�XI� F9 5�� 	��+�  !X6['�    5X�� |�X1� V�X� .
   ��!XB� FX9 	���
�'n   :'�X��5/0     V�X� /� |�X1� !X@��

 ��!B� F9 	���
 �' *	���n   |�X1� !@�� R� 0' V�X�4  0
�' 	���
  ��!B� F9n  /� |�1� !@�� R� 0 �1
 ��� )'!"

'�� ![��� 	�����7 V�� .  

� EF� 2 G��;�  
  �XW" �XK�9�� em2 �' 	1�<8� L���" 0     �'�X� FX� 	X+�4

F<#� 	� L���" ��� /� F9 !6<#[ �J{� )!6�  $��� )�[��r<�
F� �����   F<X#� '��X�   )!X6�)    ��<��X� 0 	���+�X@ gX�9��

F<#� �'�� 	3��3��     :�XB<�� )�X�' *�X+��= )`�3����� *)!6�
FI�@ �+��= )�(      .!X669|�1� LX��" FX� ��X��� )�X[��r<� *

)5y�7 *��<��� *5�KW� (  	X�!6[ 0 	W�;� )�[��<9�� 0
)�m7 g�9�� 0 	K#� 5��4� *��' ('�� n�� �� . $�X�� �'   '��X�

F<#�  ��X130� 	�= )!6�   FX� �X[     0 !6<X#[ RX�����D�3 !X@
F<#� )��� 5�� ��+�   �XK�9�� )���' F9 	�S��;� )!6�

                                                                                 
3 . Non-Fickian Diffusion 
4. Case II Diffusion 
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       $�X��� :�X<6� gX�9�� 5X�KW� FX� FX2�� �� 0 5�� 	KW�
  '��' '�X20 �X+��= ��� .  L�X@2   n��A���X�0�9

 )�W� /� .!@PET 	� $�I� �� ![' .  

  
PET  

	� )�+��= )�[  '�@) RX�'��     )�X�' FX� $!X@
)�1 �XX+��= (  �XXK�9�� �<XXI�� |�XX1� 0

 	X� gK� �� 	+�4  '�X@ .Tawfik et al )1998 (
  )�XW� FX� ���+�3 em2 F9 !�'�' $�I�   )�X[PET   �X�

:��;� )��!Q�� )��' ?�����  /� :!� )�[4   FX�25  0
  	X� ?���X�� o��#�� T2�'  !X��� .   �X<+9 5"�X�

��= )��' �' em2��   	Q��XI� �!@ n�&�� q�B;� �' ��
   5X���' FX� F<X#��0 |�1� !6���� F9 '��' ��� �� 53S' .

(Kwapong  . )1997 (  ��� F�
�W" �K�9�� )'��/ ��'�B� F9 !��� F&�<� 0  F9 	+�4

	� em2 	��<�v= '��� T���0    ?[�X9 gKX� !��@
 	X+�4 L��0�= '�&�� �� 0 ��4 0 �W" !@   gX��6���

 	X� $�I� F�3�W� ��� j��<�     emX2 FX9 !X['
.���| )��' /� 	���� :�<6�  5�� )/��) L�@3 .( !��

em2 :�<6� $���� /0�    )�XW� FX� .!@
)��!Q�� )�[    )�X�' �' .!X@45   TX2�'

  gX����5/5   0 �X����13   FX��+� �X����   )�X[
' �' .!@ )��25  0 o��#�� T2�'4   TX2�'

 L�@3 $�I�  	6;6� �<+9 g�@ �!6['
����= )��' �' em2   5X�� 	6�� $�!� ��� F9 *5�� ��

                                                                                 
1. Glass Transition Point 

B��� p�	W��1��  q  B��� �C��3� �� �oWY 9	�� N� j�� C� 6��� EO7 ��1�� 9	�\

 !6@�� g��6���)Sajilata, 2007(. 	�=   �[�<X��
/� �!6<#[ �[ ���    �� )�X<+9 LX��+� *0�

   '�' !X6[��� $�XI� 	XKW� .PET   )�X+��=

       $�X��� :�X<6� gX�9�� 5X�KW� FX� FX2�� �� 0 5�� 	KW�
 F� $( em2   '��' '�X20 �X+��= ���

G��8<�� :�<6�  )�W� /� .!@

H0� 2.  9	�� C� �7�	W�� 6��� F�	\�.���	VPET

n�&�� )�[     5X�� .'�' $�XI� .!X@
    FX� M0' /� :�X<6� emX2 $��X�� F9   )�XW� LX��'   )�X[

52/13   �X�50/700 )   FX� n�A���X�
 ( ��r<�5�� ) :0!22 .(  j��X<�

  emXX2 $��XX�� FXX9 5XX�� .'�' $�XXI� �XXB�B;� 	XX���
 '��� L��'F<#�  FX� )!6�   5Xy�7

 '��' 	�<XX#� 	XX+�4 .  	XX����
 ���  '��' 5X3S' V�X-�� ��� �� .

      emX2 !X�0� �X� )��!XQ�� )�X�' ���' �B�B;� 	���
	� $�I� �� 	+�4 !6['.  

   	X���� *��X�� ��� �'Nielsen )1994 (  $�XI�
 ���+�3 �K�9�� em2 F9 '�')�W� F� ������� 0  )�[

    ?���X�� )��!XQ�� )�X�' ?����� �� �6��9
       *)��!XQ�� FX<1[ RX� /� !X�� 	X���� �X�� �'

    )�X�' �' ���X+�3 emX2 $����25    o��X#�� TX2�'
 emX2 ���+�3 �����    )�X��' �' .!X@4   TX2�'

$�0 �XX��' 	XX���� �'  $���XX�+[ 0 $�XX3
  emXX2 $��XX�� FXX9 !�!�XX�� FXX&�<�

)�W� �����' F� �\�3�� 0 :���<� �K�9��    TX��= �X� )�[
 	X� ?����� ��' ?����� ��  !X��� .

 ��� �' �� ��' ����r� /� 	@�� )��<��� ����r� �[
     TX��'�/( 5X9�, gKX� �X�' ?�����

.��&�/ 	� )�+��= )�[
FXXI�@ :�XXB<�� )�

�W" 0  	X� gK� �� 	+�4
  )�XW� FX� ���+�3 em2 F9 !�'�' $�I�

:��;� )��!Q�� )��' ?�����
45   	X� ?���X�� o��#�� T2�'

��= )��' �' em2
   5X���' FX� F<X#��0 |�1� !6���� F9 '��' ��� �� 53S'

(Kwapong et al., 1987)
�W" �K�9�� )'��/ ��'�B� F9 !��� F&�<�

F� 	� em2 	��<�v= '��� T���0
 	X+�4 L��0�= '�&�� �� 0 ��4 0 �W" !@

	� !��@ . 	X� $�I� F�3�W� ��� j��<�
.���| )��' /� 	���� :�<6�

 $��/ !� /�9 em2 :�<6� $���� /0�
PET F��+� �' )��!Q�� )�[

F� o��#��   gX����
)��!Q�� ' �' .!@

'�� o��#�� . L�@
����= )��' �' em2

                                        

 g�� �	���VB��� p�	W��1��

��7 	KW� !��  !6@�� g��6���
	KW� 	�= /� �� ��130� /� �!6<#[ �[

 �X�7 �K�9�� F�    '�' !X6[��� $�XI� 	XKW�

  

F� ��4 ?���/( 	�9 n�&�� )�[
    FX� M0' /� :�X<6� emX2 $��X�� F9

	�=   /� S�X<��� �����52
 )�W� n�A �[ )�/�PET (

  emXX2 $��XX�� FXX9 5XX�� .'�' $�XXI� �XXB�B;� 	XX���
�W" �K�9�� 0 F� 	+�4  '��� L��'

XX�30�T  �XXW" �XXK�9�� 0  '��' 	�<XX#� 	XX+�4
Tawfik et al. )1998 ( ���

      emX2 !X�0� �X� )��!XQ�� )�X�' ���' �B�B;� 	���
�W" �K�9�� 0 	� $�I� �� 	+�4

   	X���� *��X�� ��� �'
 ���+�3 �K�9�� em2 F9 '�'

PET 	�= 0     ?���X�� )��!XQ�� )�X�' ?����� �� �6��9
	� !��� .       *)��!XQ�� FX<1[ RX� /� !X�� 	X���� �X�� �'

    )�X�' �' ���X+�3 emX2 $����
 '0!,7  emX2 ���+�3 �����

'�XX� o��XX#�� .$�0 �XX��' 	XX���� �'
)1997 ( FXX��XX��   emXX2 $��XX�� FXX9 !�!�XX�� FXX&�<�

)�W� �����' F� �\�3�� 0 :���<� �K�9��
	�=  �<��(PET, PEN)  	X� ?����� ��' ?����� ��
$(  ��� �' �� ��' ����r� /� 	@�� )��<��� ����r� �[

!6<#��' �J{� !�0� .     TX��'�/( 5X9�, gKX� �X�' ?�����

Hotchkiss 
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F� $!��� F9    ����X= )�X�' �' :'�X�� 53�,    �X�'0/ �X�
	� ��1�� !<�� .     	X6;6� g�X@ 	��X�' 5X3�, F� �[ �'

 '0!, /� !�� em220 F� /0�     ?[�X9 	��XQA�� ��X


	� F� 0 !��� 	� R�'�� :'��� 53�,  V�-�� ��� F9 '�@
)�W� F� :�<6� em2 5"�� ?[�9 gK�  )�[PET  ��

	� $��/ 5@mA '�@ .  

 6��72. � 6��� ��V	. EO7 h���C] i��3N  9	�� H+��PET D4W� 9�J��� ��  

 $��/)/0�(  
SD±  em2 $����(ng/g PET) 

°C4  °C25 °C45 

0  00/0 ± 0 00/0 ± 0 00/0 ± 0 

67/0  -  21/0 ± 65/27  - 

75/0 - 00/0 ± 60/28 - 

1 83/0 ± 52/13 06/1 ± 05/37 63/1 ± 15/207 

2  92/0 ± 15/21 34/1 ± 65/52 71/0 ± 50/264 

5 07/0 ± 15/29  00/0 ± 60/68 54/3 ± 50/343 

9 07/0 ± 95/32 14/0 ± 10/82 52/5 ± 10/447 

14 85/0 ± 70/35 00/0 ± 00/100 84/1 ± 20/517 

21 64/0 ± 95/37 12/2 ± 20/136 14/0 ± 90/568 

50 15/0 ± 20/38 10/1 ± 23/173 18/3 ± 75/664 

90  12/0 ± 21/38  64/0 ± 66/186  54/3 ± 50/700  

SD =����� b��;��  

  
 H0�3.  9	�� N� 6��� EO7PET  D4W� 9�J��� ��

�N ���C C� �-��. (���)  

F� �y� �30� 5y�7T   LX��' �' :�<6� g�9�� /� ����
 M0')ppm 100 (�y��' �� 0     s���X@ /� n�!X9 �X[ �<��A

	� $�I� j��<� *	���'      $��X�� $�X�/ 5X@mA �X� F9 !['
F� :�<6� �2�Q� 	� ?����� )�W� L��' !��� .  ������X6�

�   �X�� )��!XQ�� $��/ F� F<#��0 ��' �� .0v" em2 !6���
5�� .�W" �K�9�� em2 	����h /� Vv4� 0   FX� 	X+�4 

 '�XX�� F<XX#� qXX��' 	��XX�/�� )!XX6�  �� �XX�3�W� �XX�� �XX�
$���� 	� ��m= '/�� . �#����� ����� )��� 	���� ��� �'

W��� /� em2T 2 !@ .'�1<�� .    /� CX= emX2 $��X��90 
 :'�XX�� 5XXy�7 /0�(Mt) �' �XXy� !XX@ FXX<��A . �<��XXA �XX�

W��� )0�#� b�4 0' /� 	��K4 �<����3T 2   XW��� FX�T 3 
	� ���� :  

 TW���3  (                           tnK
M

M t lnlnln +=
∞

  

  

 ��'�+� ����� ��)∞ln (Mt/M  F� 5K#�ln t 	�   $��X�
 ��'�XXXXB�n  0K  )�XXXX[��' �' ��4 *25  045 XXXX2�'T 

 FK��;� o��#��'�9 ):0!2 )�[ 3  04 .(  
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 6��73. |�X3 c�3 ,��-. �I��� 6�� 9�J	����Y  

Ln (Mt / M∞)  
Ln t 

Mt / M∞ 
t 

45°C 25°C 4°C 45°C 25°C 4°C 
1.218-  1.617 -  1.039-  0.000 0.296 0.198 0.354 1 

0.974-  1.266-  0.591-  0.693 0.378 0.282 0.554 2 

0.713-  1.001-  0.271-  1.609 0.490 0.368 0.763 5 

0.449-  0.821-  0.148-  2.197 0.638 0.440 0.862 9 

0.303-  0.529-  0.068 -  2.639 0.738 0.589 0.934 14 

0.208-  0.315-  0.007-  3.045 0.812 0.730 0.993 21 

0.052-  0.075-  0.000 3.912 0.949 0.928 1.000 50 

0.000 0.000 0.000 4.500 1.000 1.000 1.000 90 
  

6��7 4.  	���M�K  �n uWo� 9�	� |�X3 c�3 ��	V  

45°C 25°C 4°C   

-147/1  -568/1  768/0-  Ink 

318/0  208/0  464/0  k 

289/0  372/0  216/0  n 
  

F� F2�� ��  ��'�B� F�6��n     ?��X�/( )�X�' FX� �[ �'
 /� �<+95/0 	� *!6<#[    V�X� /� �� :�X<6� |�1� V�� $���

?�= 	���  	6���9' .:��3�� |�1� �K@ F� Rh�9 )�[T 
 %�X
�� R�� :0� $���� /� .'�1<�� �� g�7� )�+��=  ��mX= 

    sK��X� 5Xy�7 $�X�'��A �� �� 	��2 :�B<�� ��@ F9 5��
	� W��� �� 0 '/��T 4 	� .'�' ?��+� '�@ :  

 TW���4                                       ()(
x

C
DJ x ∂

∂−=  

 :���� ��� �' F9DX $�I�  5Q2 �' |�1� g��- �!6['
 ��;�X  5X�� .      )0�X�� RX�� :0� $���X� �<��XA�y��' �X�

 )�W� F� :�<6� |�1� T9�;�PET   :�X<6� 5Xy�7 bv<�� *
 )�W� L��' �'PET   5XQ2 n/S L�#��<= F9 5�� M0' 0*

	� �[��� �� :�<6� |�1�  '/�X� .    �' 5Xy�7 �<XI�� bv<X��
      )�!X<�� �' emX2 	X6;6� ��!X6� g�X@ gK� |�1� )�!<��

	� )��!Q�� $��/ '�@ .���   $�X�/ 5@mA �� 5y�7 bv<��
	� ?[�9    emX2 !X6���� �' :'��� 53�, '�&�� gK� 0 !���

	� '�@ .F��+� )��!Q��   )�X�' �' �[45    o��X#�� TX2�'
:��3�� �<I�� U�;� gK�    	X� :�X<6� )�X[    |�X1� 0 '�X@

:��3�� �<I�� F<#� �'�� F� �� �[    	X� �[��X� )!X6�  !X69 . �'

    )�XW� FX� :�X<6� |�1� g��- ��' ���(D)    �X� FX#��B� �'
 )�[��'4  025    ��X@ gKX� 0 5�� ��'��/ o��#�� T2�'

 �<I�� )|�1�(J) 	� R�� $���� qK4  '�X@ .   lX�/�� 5KX#�
�W" �K�9�� 0  	+�4)�W" g�9�� 5y�7 0    �'�X� �' 	X+�4

F<#�  :�X�;� �� 	��m7 �'�� �' $( 5y�7 F� 5K#� )!6� ( /�
  5X�� emX2 !�0� 	���� �' �Q� )�[�<����= . X��  5KX#� �

     �XW" LX��" 5X�3v, $��X�� FX� 	�<#� 0    �'�X� �' 	X+�4
F<XX#� '��' :�XX�;� 0 )!XX6� )(Landois, 1988 	XX���� �'

 F9 )���'Halek et al  !�'�' n�&��)1991 (   !X@ .![�XI�
 �XW" L���" em2 F9 0       5X�KW� �X� 	��X[�+��= FX� 	X+�4

  	X� n�X&�� )�<I�� 5"�� �� F��I�  '�X@ .   	X���� �X�� �'
B� �' ���+�3$00��9 �� F#��1 ) FX�    �X<+9 5X�KW� 5X�" (  �X�

	�= em2 )�<I�� 5"�� !@ ����� . FX�   	X� 	�9��X4   $��X�
|�1� ��2 5�KW� 51A   !X6���� �' )�J{� ���#� L��" .!669

5�� em2 .F� *������6�     $�X��� *:�X<6� 	XKW� 5�[�� L�3'
 )�W� F� $( |�1�PET  '��' '�X20 5�� 	KW� )�+��= F9 .

 _�XX2 TXXWB� *FXX<K3� gXX�9�� �XX�� )S�XX�)5/215  TXX2�'
o��#�� ( 	��X� L��"       �'�X� ��<��X� �' .'�X� �X�� $!X���

F<#�  5�� em2 /� C= )!6�) :0!21 .(   !"�X#��� s���X@
 )��!Q��)  S�X� )��!XQ�� )��' (     �X�� �<XI�� emX2 gKX�
F� g�9�� F<#� �'��     :�X�;� �' �<XI�� 	X1�9 5�� 0 )!6�

	� '�@ .	� $�I� j��<�   /� !X�� F9 !['   '0!X, 5X@mA90 
F� em2 	6;6� /0� 	� R�'�� :'��� 53�, '�@ .  

                                                                                 
1. Carvone 
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� ?#�;� 	��O� '��=  
��� _0� /� 	���� ��� �'  l��X� G��8<��  XX  l��X�   	XI8=

 ��<��' F� �Q&� )/�A 	���A����0�9 �� .��+[FID  )��X� 
./�!�� em2 :�<6� $���� )��A     .'�1<X�� )�XW� FX� .!@

!@ . .�Q�?�= �� _0� ��� /�    	2��8<X�� :�X�;� ���r�
 ./�!X�� $���� :�<6� )0�,      !X, �' :�X<6� qX��' )�X�A

ppb 5��� �[��� �� . $�69��./�!��    emX2 $��X�� )��A
)�W� F� M0' /� :�<6� 	�= )�[   0 qX�B;� S�<��� �����

5�� .!I� 	���� . em2 F9 '�' $�I� 	���� ��� j��<�
 )�XXW� FXX� :�XX<6�PET 	�<XX#�  LXX��9�XX�' FXX� '��'. 

   5X@mA �X� em2 $���� )��!Q�� )��' �[ �' ��6}+[

 ?����� $��/	� !���   	X� $�XI� V�-�� ��� 0    FX9 !X['
 ��� $��/ F� F<#��0 :�<6� em2 !6����5�� .   �X1, �mX3

F<#� �' F9 M0' ��y� 	�S��;� !6��@�� ��4  )�Q�!6�
	� )��!Q�� 	��<�v=     0 	��X�' s���X@ �X1, �� !��@

W��� g��6� 	���/T !���' ��B<#� .5�' /�   0 �XW" �<��
  �' :�X�;� ��4 :�X4      /� 	X�� '�X� )��!XQ�� $�X�/

� )�[��<9��{ :��;� )��A!��� $��/ ����� �' �J5�� .

 	-��� :!� /� .'�1<��nt tK
M

M .=
∞

    |�X1� FX9 '�' $�I�

:��3��      )�XW� LX��' FX� :�X<6� )�X[   	X�= )�X[   ���X��
 )0��= R�� $���� /� S�<���	� !69. 
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