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ΟΗ + △

 

 
log ' log 0 log

( )

K K

Y m x b

= ∝ +

= + 

 �#O3$� �F��log 0∝ = Ο P�� log log 'k K= 
 KC�E0log 'K  �E
3=log 0∝  ����� �o��%6 '!�Zd� �:  

 
 ��b%6 ' 8
fI +,- ��b'K#�� NU�$ �-�� 

 ��
C ����= h�� d� �_�6CB�–��
C  
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��?
L$� ��,�, K1e|� 21�� K� W�0� h�� 
L-�� R� ���� Vw−�
1= 
14 , �1G#- B0 
��,�� �L� 	�/=& ����� �o�� %7'& Ke|� B0� V ο− 
1-#6� �1�
XU K1��?� 	�/1= 'S   


�~�� ( )ο i/� ��"
-��� �?_)��0 5\ �?_)��: 
[ ]

1,
[ ]

S o
K Vo Vo

S w
= = = 

 N�O6� 56��0 R�F�B� ��
� �L�0 �>�
�~�( )ο h�1� �1)E ��1!�� 1�� h�1= �Z ��1^
= +!OC HI +��
����L+�Z& 	�/$� YZ� [ ]S YZ1L��0 ,��
XU �?9� AO���   �^�8 

��
XU �XU9� AO���   �^��&�����   �oL$� �/\ %8 ' d���� P1�� K��V o ، n o= = 
 �E#,�9� HI �E#,�9� = 7B
36�B� 8��%n 'v�� d� +)-
L\ ��p & 

 
 ��b%7'	�/$� ��
"I �,?0 d�9� AO��� �,? r
oL�� 

]��- ��p �
�~�   Y��J� AO��� �)M,� �
1�#�� HI �3L�C %1 ' �DI R
1U �1-��� K1e|�
Vo ��� HI Y��J� N-/<�#��p �
�M�&/<�� l-[#6��0 ,��^� h�= R�F�B� /^q- K} � 	%S '

 #\ ]U= ��1b W
X�� YZ��   +,%8 ' P1��I R1n = , 1
4	�/1$�  AO�1�� d1�� +1,= 

 �
�#��1
( )

4
، o  	�/$����0 �
�#�� ��C9� AOC  & 

�
�#��   Y��J� AO��� �)E ]�� %1 '�
�#�� HI �3L- %2 '  Y1��J� AO���0  �
1�#��
%0 ' �
�#�� HI �36��%1'&�� Ke|�  AO��� �-� AO���   8#G#$� Y��J�%0' ��1!�� ,

 R�F�B� l-[#6��0� N-/<�[ ]S ����� P�
X�� YZ��   v��\
�= �<- %8 'P1��2n =  
 �)E 	�/$ l-[#6��3 ,4 ,5 ,6= #\ ]U 7B
36�� �)E
66$� (#�Z��   +,& 
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 ��b%8 ' P�� h�<6�$� N�U����   l-[#6�� ����=1K = 

Wv Vo=#G#$� 	�/<�� ���p9� ��<��� 7
��F�� +,� 7
)E�$� 8�� 8AO���   & 
�0��� �o��%S ' ��FG9� 0� 7_=
)$�1( )X yB� >F$� ��<�6��   E��E��6( )nX y×&  

 �0�11G%5 ' �
11�I �11U   	�/11$� 7
11��FG%  0 @11�89� AO�11�� d11�9� ' �11���U
£��
�( )γ7B
36�B� 8��0n 
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¢-�U ���<� r
o� �,O� %Craig( r
1)�� k,)6�� >
6�L� � �1U   8#1G#$� 	�/1$� �F1e�
	#,��, N,�E0  R� �=
)<�� �<�3��K
=
� h��#�� �,-�? R#�� − �/1c� r
1��-00 ¢-�U Rg� 

#\0 5�
LX�� k,)6��: 
1

( )
1 1

K n

K K
+

+ +
 

1L� 7
1p_�6C� h�1� 
1��
O�I �)E �E#,�9�   8#G#$� 	�/<�� �F�� 5O)� 56��0 
=�
 R#���-0
�6= @�89�0 d��� ;#O��� r
e��& 

 r
)�� k,)6��0� 	�/$� �Fe�( 1 )f n r 	#,�9�   8#G#$� ( )γ� �)E � 7B
36�B� = 8
%n '5\:  

 
����: 

1−  	�/=[ ]S l-[#� �=
)= v� [2]&+E ³ 51��[I d�� AOC – @1�8� AO1C0 .#�1� 
jE
} 5�
=& 

[ ]
2

[ ]

S o
K

S w
= = 

0.5 , 2.5K KBA = = 
y- 
$ l-[#6�� @L!L= KC>�: 

A ،B �)E  5− 7B
36�� ( 5)n =       ,r o= HI 19% �0� KC>' 
A ،B �)E  10− 7B
36�� ( 10)n = , r o= HI 19% �^¡ KC>' 
A ،B �)E  15− B
36�� ( 15)n =      , r o= HI 19% �^¡ ��[ 
=' 

 �
�b9�   ]U l-[#6�� 7
�L!L=09 ,10 ,11 ,12 �)E0 ,���E �Z� = 5 7B
136�� 
 ��b%9 ' Rg� l-[#6�� 7
�L!L=A،B  
��FG ��!6��6E
} �)E0 ,7B
36�B� 8�� 8�8F� ]�X= 

19 �
36�� � ����� ��G �Z� ��%12'&� N�E
�9�   3 �7 ,8 ,9 ,10 ,11 ,12 , 13 ,
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 +E 
= ���^ �G#- P��A،B  N�E
�9�  01 ,2 ,3 ,4 ,5 ,6 
,-�3� �G#- P�� ,A ,
��� 
 9�  N�E
�14 ,15 ,16 ,17 , 18 ,19 �G#- B 
���& 
=�L� 
,�
m �° �Z��� �/\  R#�-

.5 /K KA= △ 0 +E �����K ،KAB
  �3�2& 

 
      ��b%9 '���Z +E �A،B  �L�10n = ��b        %10 '+E �Z��� A،B �L�5n =  

 
 ��b%11 ' +E �Z���A،B  �L�19n = ��b      %12 ' +E �Z���A،B  �L�15n =         
2− � �
�b� �)E> jE
} 8
f~ �#�0
L� �
!E� �<)=  � #1=0�E N1U�$ R�F��#�1-�U 

.#�� AOC0 5�
= AOC +E0  , R� �G00.78K = KC�E , , ( 1 )F n r�1E
3=  r �1)� 8 
 P�� h8]�� l-[#6�� 7��=5n =,10 ,15 ,19 & ����� �o��%13&' 
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��b%13 ' ����<�� �Z��� 7��= 8��%2' 

3− R
U �DIE>
36= R
�C#G N-�3� M
 K1C�E N�U��� ���
LX�� �{�Z�� ( 1 )f n r&  N�1�� 
 �,��
E( 1 )f n r N1-�3� l= �E#�!$� �1E
3= R
�1C#G ( )γK1C��� 21�� d1� R
1U �DI  

19 4n ، K= =�0��� 
=��6�= %6 ' �0���0%7 ' & ����� �o��%14&' 

  
��b%14 'R
�C#G 
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 �0�G%6 '6z K�? h>
� �!�( 1 )f n r���U � A �!�� K ،n،r.  
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 �0�G%7 'R
�C#G N-�3� 

 
 ��
C 
����G#�
=0�U–��
C  

Liquid – Liquid Chromatography 

  
 ��b%15 '
����G#�
=0�U r
� ��b 
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0 +�>
=¢L�C h�-�G ��L3� _^8� 1941&���1�� �o�� %15 'Marlin-Synge´1=   

GF�� 8#<� 
������
E �– �G Sio2  �)-µ�
$
E �
Z�B� & �{�Z1E �1G 
�����1�� NZ¶

Z1� .� 8#G0   ��E9� = �ª9� R#��� HI �#!6- ./��0 �ª9� ��X�$�1L�=� �1<| � #
 ��b%a16 ' 516��0 �1�L�=9� �
ª9� = �#�z �<)�� �/� NZ�$� 8#<)�� +,- ./��0

 �#�!<E 
�6E�DI �)E 
��Z� �<-99%���0 �FG0 r>#�0>#�U   %�,�� �#!��� =#y��& 
8#<)�� �<3�� d� �#�!$� �/\, ����� �o�� %b16 ' R#1�6$� �ª9� R#��� ��_- P��

8#<)�� �<? �L�, ����� �o�� %16c ' �����   AOC�� ��!6��0%18d&' 

 
 ��b%16 '0 ->
= �E�e6� 5O�Oc ��bC�L¢ 

�>#�� 
����G#�
=0�U,� �o��  ����%17' 
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 ��b%17' 

 
  8#<)�� d� 
-�o� AOC9� 8�)� 	
��¦HETP §−   �1-�oL�� AO1C�� �
)�� q�
�6��

High equiualent to atheretical plate �-�oL�� AOC9� 8�� �E�� 56�� �?_)��0 ,
y- ]U 8#<)��  : ¦ ��b%19 '¢�
6L�� ��b +,-§& 

216( )
tR

n
t

=
△

 

n−�-�oL�� AOC9� 8�� &  
tR− R#�$� FU�<�� ��<!6�� h�� = =F�� %�<?&' 
t−△R#�$� �<? �
��� & 
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����:  
 
-�o� AOC9� 8�� N���%n  '  8#<)�� d�HETP8#<)��  

4.5
2.25min

2.0
0.5

0.25min
2.0

tR

t

= =

= =△
 

 
��b% 18 'Gc−6��)+HETP  

=0 ��8
)$�: 
216 ( )

TR
n

t
=

△
 

 	
�� �<- �3�3�%n '1E �t
�, ;��D = �XU� ��
�$� s? R9-,C
L6= T6)M
 h�
1,= 
=F�� l=& 

4.5 / 2 4.5
/

0.5 / 2 0.5
tR t = =△ 



 317

.�o� AOC:                                           2
4.5

16 ( ) 1300
0.5

n = × = 
� = ����HETP− T6)- ���C 

 8#<)�� �#t4r�?  
 8#<)�� �#t4 ×12 �p#E  ×2.54KC  Sr�? =122KC 

122
0.094 /

1300

cm
cm plate

plate
= = =                                    HETP  

 ����� ��C� �?_)�� u�0 +6L�� �F)� �E#�O$�0 ,�-�oL�� AOC9� 8�� 	
��%18&' 

 
 ��b%19 ' �=��6�= 7�8��=�Z��� 7
E
��   

!AB��#	 ��A���	: 
22 22

2

1
16 ( ) ( )Re 1

K
N Rq

K

∝ +
=

∝ −
 

9� 8�� �E#�O$� AOC
2ReN −  

 �Z��� 	#�O$� 8�)��R − 
 R� #��1 R= ��#� �Z��� R#�- 98%.  

� -�. /�1.5 R= #�-��#� �Z��� R 99.7 % &@L)<E  R��Z1��� +6<�3��6 �1^ 1� 

h��
3��  2 1/tR tR∝= 

8#<)�� �#t 
n 
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2tR− = ¹
�6�B� =[ ? �<3�� HI ��#�� �<2 

1tR−  �<3�� HI ��#�� �<? = ¹
�6�B� =[1 

2 2 /K t taR ir= 
tair−��#�� �<? >#�¯ @6� 3|� j?0 = =F��  
����: 


�#�= �Z���R ��#t 8#<� d� 10−5\ j�O�� 56�� ¢�
6L�� j�
U0 r�? : 

12 18min, 15mint tR R= = 
1.0 min= � �<3�� �
�� =1.0min 1tair t= △ 

#�O= .�o� AOC @�8� #\ 
= >��3<�� �Z��� 	1.5  ? 	#1�O$� 8#<)�� �#t #\ 
=0
�-�oL�� AOC�� �E#�O$� �<�3�� ��� 5O)- ./��? 

 ��b 7
E
�|� i/� HETP y1��� ¹
1�6�B� 1=[ r��6�- %t tairR + ' N1U�<��
%1&' 

2 2
2 2 2

2

2

1

2 2

1
16 ( ) .( )Re 1

18.0
1.3, 6.0 / 5.0

15.0
18.0

/ 18.0
1.0

K
N Rq K

tR
R

tR

K t taiR r

∝ +
=

∝ −

= ∝= = =

= = =

 

���,6CB
E: 
2 2 2

6 / 5 18 1
16(1.5) ( ) ( )

65 1 18
NReq

+
=

−
 

9�  �-�oL�� AOC( )tP     1450ReN q ≃   
n− NU�<�� �-�oL�� AOC9� 8�� %1 :'¹
�6�_� y��� =F��%1' 
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1

2

15 1.0 16.01
1.0 min

16
16( ) 4100 .

1
10

0.0024 /
4096

t tR air

t

n tP

HETP ft tp
TP

= + = + =

=

= =

= =

△

 

∴	#�O$� �#O�� 0.0024
3.5

1444 Re

HETP

N q
= = = r�? & 

 ��#� �#t /^� �<- �,��
E4��U�6�� 8#<)�� r�? & 

� ��8
)=0 �<-8 R vandeemter�<-  ��
�1�� 
1����G#�
=0��� 
�3�,O� − ��
�1�� 

 ��/U00�U[
m 
����G#�
=− +1,= #\ ]U ��
C 9
E��1C& % �1E#�O$� 7�8�1�$� �1U01� K

��-�)�&' 

/HETP A B V Cv= + + 
7− � ��µ� � AO���%�=
|� [
{��'& 
A−  h8�)6$� ��O��& 
	− -F�� >
�6�B�� �=
!�� 5%   ��G k{pLLC ��#�0 ,510   TU� (ELC&  

-F�� >
�6�B� R90� 5β ��
C 
����G#�
=0�U   –��G k{p ��
C , - K1C�HETP 

 �E
3=V .]) �o�� �����%20'§& 

 
 ��b%20 ' KC>HETP �E
3=  V
����G#�
=0��� ��
C −��
C  

[
m ��
�   �,�L�
E ��0−  
����G#�
=0�U ��
C   5�� �����%21&' 
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 ��b%21 ' [
m 
����G#�
=0�U ��b–��
C  

[
m 
����G#�
=0�U 5��− �DI ��
C  j�
U ,�?
L�� [
{�� ��µV R� �<- ¢�
)�  @1�89
 �#1O�� .0
�� �<�?%HETP 'i/1\  R#1�� R� 1�<- h8#1G#$� �1<�3��/V B C=  ,

��D �<)� vU�>8I �<- �
36bB�0 ,KC��
E ��0& 
����: 

 �?
LU r#����� [
m 8#G0  0� 7�8��$ ����� K�3�� 8#G0
��<-8 R& 
0. / 0 A−KC  
0.25 B−KC 2S ���
}%�!�� �<�? d�� 5O)- �
)�� 5�-F�� R[#��B&' 
0.06 C−���
} & 

 KC�E0HETP �E
3= V K�3�� �,�L�
E  V = 1KC S @6�0 ���
}15KC S h8
1-FE ���
}
1KC S���
} &N���  �<�? HETPO)� 56�� 5  >��3<�� �<�? @�8�HETP �? @�8� �L��1< 

HETP ,/B Cγ = 
/HETP A B V CV= + + 

�,�L�
E1�  1 V=KCS���
}: 
 

0.1 HETP=KC     % +                                                     +0	06���
} %'1KCS���
}' 
 

  =0	51KC SAOC 
 7
E
�� l<�%9 ' 0�� �0�G �XU%8 'N�U��� R#�-& 

0.35KC 2S���
} 
1KCS���
} 
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 �0�G%8 ' >��3$� K�?HETP ���U� ��`�� V& 
,HETP Cm , / secv cm ,HETP Cm , / secv cm 

0	520	520	520	52        6	06	06	06	0        0	510	510	510	51        1	01	01	01	0        

0	570	570	570	57        7	07	07	07	0        0	400	400	400	40        2	02	02	02	0        

0	620	620	620	62        8	08	08	08	0        0	400	400	400	40        3	03	03	03	0        

0	680	680	680	68        9	09	09	09	0        0	430	430	430	43        4	04	04	04	0        

0	740	740	740	74        10	010	010	010	0        0	470	470	470	47        5	05	05	05	0        

 �0��� =%8 ' �����0%22 ' 7
?_)�� ��� KC> �<- & �<�? @�8� ��� KC��� =0
 >��3<��HETP ? 	�2.5KC S���
} & @�8� R� ����HETP  �L�/V B C=  

20.35 / sec
/ , 2.4 / sec

0.06sec

cm
V B C cm= = 

 
 ��b%22  ' KC>HETP �E
3= V  

 

����: 



 322

�6�- r�N2-  7
�
�,��0 8#<)�� �?
� [
m >��3<�� �,�L�
E �����HETP ���U� ��`� 
�?
L�� [
{��& 

,HETP cm , / secV cm 
0	159  4	0  

0	172  6	0  

0	189  8	0  

� −   K�3�� 5\ 
=A ،B ،C � ��8
)=  
?�<-8 R 
	 −  KC�EHETP �E
3= V = K�3�� ,1KC S��
} @6� �10KCS�$�   ���
}� 

1KC S ���
}N��� ��`�� �<�? º?� V.
¥���  >��3<�� �<�? @�8� 5O)- 
HETP& 

� ��8
)=
5\ �<-8 R: 

/HETP A B V CV= + + 
. -/:}_}   7B8
)= �_} NU�� ���\
»  

1
4

1
6

1
8

4.0 0.159

6.0 0.172

8.0 0.184

A B C

A B C

A B C

+ + =

+ + =

+ + =

 

 7�8��= �_X�� �|�0A ،B , C�3-�t /^�-0 7
�#�Z$� & 
B0�M :5\ �,U�$�  7
�#�Z$� 7_=
)=: 

0	159  4  1
4  

0	172  6  1
6  

0	189  8  1
8  
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 ���� l"#E0��� ��
"I 0�� 	® 0� ;�t �0  �<�? �}
° �o�� ��#�Z$� ��6� �^ �U
y- 
$ ��#�Z$�: 

��8�) 0  0  1  

�^¡ 8�� 0  1  0  

8�� ��[ 
=M��^¡  1  0  0  

�o��:d�9� v,�� ��#�Z$� , 0 7�8��<�� �� R� �<- �_X�� 7B8
)$�A،B،C& 
A = , 8��B− ,�^¡ 8�� c−�^¡ 8�� 
�-� & 

5�
�L�� ����� 5O)6� ���<)�� ��#�Z$� �^�8   7�#OJ�0,���E �=� #\ & 
1− E 8�)�
E P�
X��0 W
X�� YZ�� 	�%1−'& 

 
�-��� YZ�� Y"� �00�-�G R
} �^¡ Yp d� �#Z!�� K-�? Yp �& 0 �#Z1!��

 �-�G P�
} Yp d��
6�
U: 

 
�8�)�
E W
X�� YZ�� 	® %2−'& 

 
"��-�G R
} Yp d� �#Z!�� P�
X�� YZ�� HI W
X�� YZ�� Y& 
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 K?��
E W
X�� YZ�� 	®�%24−'& 

 
� 8�)�
E P�
X�� YZ�� 	®%8−'& 

 
��-�G P�
} Yp 8
f~ P�
X�� YZ�� HI W
X�� YZ�� Y"& 

 
 8�)�
E P�
X�� YZ�� 	®�1

3 2& 

 
W
X�� YZ�� 	®�8�)�
E   1

4− K1} � 51O)�� �09� YZ1�� HI v�1"
�1p� �0� �1^¡ 
�-�GM�& 

 
®�	YZ��  P�
X��  8�)�
E%4− '�"� K}v 5O)�� �09� YZ�� HI 
�p��-�G �^¡ M�& 
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DIM �   ��8
)$� �� �<$� = ,��#�Z$� T� ���,�� ��,O6�
E �}_X�� ��\
e$� & 
=#<�0
 �X= ,
�#� �
O^9� �)E �G#-  B i/\ �3LE ��D0 
��F6^� �<- �
O^9�� ,�1XU� �
�b

#��E ¼�- �=9� �/\0�� R9 ,HETP+=#�)= +��b .9 
���� �Z!� B & 
	 & 	
�|0HETP v���U ν& 

/

0.095 0.096 / 0.01

A B V C HETPV
v HETPµ

+ + =

+ + =
 

�,�L�
E0 1� : 1.0 V=KC  S���
} 

0.095 0.096 /1.0 0.01/1 HETP+ + = 
      =                                                           0	201KC  

 AOC�� ��^� K�?HETP0 
4
�� �<-  ����� d� �Z!L� 
�<C>%23 ' d1��0
 ��`�� �<�?V �<�3�� ��6� V   �<�? @�8� 5O)� 56��HETP&����� =0 %23 '�1L�
= 

��# �#� R3KC S���
}& 
 ��`111�� �111<�? º111?9 �111?_)�� 111=0V 
4
�111� 111�<-, � �#111� �111<�3�


%30KCS���
}'h�\
o�� �<�3�� �E>
36= R#��0 �=#C�$�& 
0.096

/ 3.10 / sec
0.01

V B C cm= = = 

 
 ��b%23 'KC>HETP �E
3= V 
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�Ez�Qualitative AnalysisWxא��"��3F35א��2/�$�א�1� �

 ���!6�� 5�#L��[
m 
����G#�
=0��=− ,)p 2�� ��
CM
, ��
L\ 
= �U l,O�
E0 R� h�� 
8#<)�� = �X),L$� 0� h�\
o�� x
L)�� �3�O=0 �,G#= �=
� h>
bI 5O)� 7
�
��=& 

 tR− ¹
�6�B� =[  = v<? º?9 ��#\ �<? d�� �L� =F���NU�<�& 
VR−  Ke�  ¹
�6�B� = �?
L�� [
{�� Ke�� =[ HI 3|� =[ = 8#<)�� �_^ �]�

h�\
o�� NU�$� �<?& 
t vR R=% �?
L�� [
{�� >0�= ��)='& 

����: 
�#�z = �L�)� ���� ���<� j-�G� & 1= R#1�6�n− �1\,R
�n− ,R
1�#� n− R0� 

8 R
�- & ½� �)E>�0– R#1E�U h>D  8�#1<�� 8#1<� �_1^ r#1����� ��1)= >0�1= 1=[0 ,
 j�
U ��,O?_��22����=  S�3�?8¦ & ����� �o��%24' ,%25'§ & ./�� ��OJ� ������� +,-


��<� �<- 56�� ��#�e$� ���#E#U0>����& 

 
�b  �%24 ' +,-� 8�)� ����U ¹
�6�B� =[���ER# 
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 ��b%25 'P��X6�� �OC�#E AO��� ��
�$ Q
�? 

 
 ��b%26 ' 
����G#�
=0�U–l,�$� �#��<�� �-#6!$� ��C
�3�� [
m W#E�U0>����  
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 ��b%27 '
����G#�
=0�U−� ��#�e$� ���#E0�U0>���� 8�#<�� �-#6!$� �L�)�� [
m � 516
� j-�G� ����� ��}]6$�  (0�o�� j%24 '�n
�3�� �#��<�& 

. -/:n
�3�� ����� l= +����� ��>
3= , l1= �#1�e$� ���1�� �4
�1=0 �1o�_= K} 
�09�& 

NU�$� ¹
�6�B� ��
�=  
 �6C–\ �R
� 0	81  n-hexane 

 �)��–R
�#�  1	58  n-nonane 

 ½� ���I– R0� 8R
�- 2	36  n-undecane 

½� �)E>�− lE>� – 8R
�- 6	41  n-tetradecane 

 �E
3$� W
X�� ����� �oL�
E0%25 ' n
1�3�� ���1�� l1= �C
3$� ����� 7�>��3�� 5O)��
 7
,U�<��A ،B ،C R� �e�:  

n-hexane 0	82  A 

n-undecane 2	34  B 

n-tetradecane 6	41  C 
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 F�Quantification analysisWEא��2/�$�א�391

���!6�� T6)- � ,��G K�= 5<��0$� �3� #\O� h8#1G#$� 7��1�,$� 51\ 
= ���)$ 	#  
_X= N��� �L��,  ��0 ���)$7
3�,O6�� �)E HI �o�� �L�)��   h8
$� ��: 

��? =h�9� ����� 7
C
�3�� /^� �<- �
�b: 
b− h��
3�� �#t  =2	8KC & 
b−     �
��>B�21	2 CK& 
A− 30KC 2& 

����:  
j��^ ��
�= �<�? 5O)6� 
����G#�
=0���� [
m �E#,��   -FL,�� = �L�� 25KC 2 ,  K�

3� 1  r��G0���= �� -FL,�� �<? ,[
��� 2�L� �#��<5K1C 21� ,] r��1G0���$� 8�1� 
�� 5111\ 
111=0 ?�#111�e$� �#111��<�� -F111L,�� �111��[#�� �,�111L%%W '-F111L,��?  

 �U/6L�χ=�#�e$� -FL,�� 7
=��G0���$� 8�� & 
5 ecm=�#�e$� -FL,�� �<? ��
�= & 

2 r��G0���=  == 8���Q
�3$�   -FL,�� 7
=��G0��& 
5

2 25
0.4 . .g benzene

χ

χ µ

=

=
 

 
�[#��� -FL,�� �-#�$�  =        ×100 % = 40 

 

*�C ������O$� >
�)$� �3-�t r���6C� k��6� i/^� �<- & 
N��� R[#�� ���[#�� ��
X��� 	
�� �OC�#E 0.8 �1o�� ,8#<)��   ��#3� r��G0���= 

 �
6�� �0���: 

.g µ0.4�#�e$�    
g µ 1y��� �#�e$� 
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 �0�G%11:' 
Peak area SPecies g of speciesµ 

�<3�� ��
�= x
L)�� r��G0���$
E x
L)�� 
106	9  n-hexane 1( )(0 .8) 0 .24 = 
102	6  n-heptane 1( )(0 .8) 0 .24 = 
80	0  n-undecane 1( )(0 .8) 0 .24 = 
50	0  n-tetradecane 1( )(0 .8) 0 .24 = 

��#�e$� 7
,U�<�� �,�L�
E0, �0��� �o�� %11':                             .g of speciesµ 
32	6  n-hexane ? 

46	8  n-heptane ? 

73	8  n-undecane ? 

84	9  n-tetradecane ? 

�#��$�   ��#�e$� �L�)��   NU�=  �U ��<U N���& 
w− ��G#��$� 8��   7
=−6R#E�U  

0.2
; 0.061 632.6 106.9

w W g Cµ= = 

 �6�0χ− �#�e$� �#��$�   R#E���� 7
=��G0��$� 8�� 
0.2

; 0.091 746.8 102.6
g C

χ
χ µ= = 

 ����0%Y': 
0.2

0.22 1180.0 73.8
g C

γ
γ µ= ∴ = 

 ����0%2 '  C14:  
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0.2
84.9 , 0.34 . 1450.

z

Z g Cµ= =
  

0 �<- R�� 	
��#���#��$�   NU�= ��� �-#�$� ���[#�� h�� 
 y��� R[#�� =0.71 0.34 0.22 0.091 0.061= + + +r��G0���=  

 �-#�$� �,�L�� =0.061
100

0.71
= × 

                         0.091
100

0.71
= × = 

                         0.022
100

0.71
= × = 

                         0.034
100

0.71
= × = 

 �DI ������ �-#�$� �,�L�� %101 ��G hk{p �OJ� �,�� R� ��_- P�� ¡ �
O^9� = ���
��
�<�� �C
3$�& 

 �
�b� �)E ]��0��3E
��� ��X=9
¤g� , k1m 7
1C
�3�� � �1O�� k�1�6� r��6�� (#C 
�->
�)$�&$ �3� j=��6C� ��O�� i/\  ���) 51,-�3� ��b �
O�I 0� �^� ���0  8
fI ����U

 R
�1��� 1= r��1G0���= �1��0 R� ���- R� �>
3�� = �EB �
^ �
X= 8
f~0 ,�3�
 R#E�U0>�1���� r��1G0���= ���0 = ¢6L� R� �<- ��
�= 2�L� �<? @O�� .8
)��14 &

�#<�= R#�- ]E> ����B� �/\M
�E>
36$� ���#E�U0>���� ������� & N,1C �1G#- B ��0 
#?.�3���� 80�|� ��� �)E ]�� �3�O$� ���]��� ��� ����B & 

��'''��: �0�111G 
=��6�111= %12 ' 7
�#E�U0>�111���� �111��[#�� �,�111L�� N�111��
7 61114C ،C ،C ،C��C
�3�� km �3-�O�� r���6C
E �#��$�   & 

 7
�
�$� �#<»238.1 84.9 73.8 46.8 32.6= + + + =  
.	D���	 E	F::C
�� (
��$� T6)- M
 �#��$� 7
�#�= ���  &DIM �<- 7
?_)�� �U �

� R��/^& 
 ���[#�� �,�L�� =×                                                    100 = 

 

7
�#�<�� K<3�� 7
�
�= 
7
�
�$� �#<» 
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���G/�:*�	 !��*���A !H��: 
32.6

100 6238.1
46.8

100 7238.1
73.8

100 11238.1
84.9

100 14238.1

C

C

C

C

× =

× =

× =

× =

 

��Wא��1و�=">�א;אز� א)�א��+$��"א-�	� �

 �Z1���0 �1��#-9� x
1L)�� N�1C��� �1X= �Z1��� �
�<����   h�-�� ��
C0 ���
L=
��
C 
����G#�
=0�U r���6C
E−  ,��
C[
m−   ��
CR8
)$� NU��$, 1= �-�)�� �G#- ]U 

�Z��� 7
��<� ��t;B� �13-�t ��#1�9� i/1\ ��E�0  �-�G 
��)E0 K-�? 
��)E F16=�[ 
 ��G#�
=0����& 

�� 5\ 
=DI ���<)M�? ����� �o�� %28:' 

 
 ��b%28 'B�   7�08�� F=>[�F6=�
=0���� # ��G 
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  �=��6�$� ��� 5\ �)�
��� ���#-9� 7B8
)$�0  7
1��<�[�F16=B�R8
1)$� �Z1�� & 

�1-� �Z���0 ��E�)�� �{��
E 7B8
,$� ��� �X$ 	
6U �G#-0,1��0 
1=  /1^� 
1L\ 
1L<¨ 

�#�!$� ��X=9��& 
����: 8�� 
= ��$�<��
�   8#G#$� �L!��� NG#$� 50 �#1�!$ �� �= 0.1 1= �#1= 

r#-8#Z�� �->#�U? 

 7B#= 8��50r#-8#Z�� R#-9 50
0.1

1000
=�#=  

                                                                310 5− × =�#=  
�$� 8��r#-8#Z�� R#-9 �#<� = 3 35.0 10 10 5−= × ×�#<��=  

��$� 8��< ��
�1 5× =�
�<��= � Sr#-8#Z�� ���#-9�  �L!��� �#<��= 
                           5.0 =��
�<��= & 

 ��
"I: 
 r��G ���0 
L-�� R� ���L�0¢L��> 7= �6C  
\>��325= _X= ��<��
�,DI R#��� M 8�� �

� 
\D
c� Nf 56��0 iD#^�$� 7
=����60
�6�5\ �#�!$�   R#-�� 7
��
�$� 8�� : 

 7
=���� 8��5
2

2.5
= =r��G & 

����:  
��$� 8�� KU<sL)� �,G#$� �,�L�� ��
�
=   8#G#= q�
�6�� 5�
L} 75 F1�U�� �1= 0.1 

#=�? 

 7B#$� 8��3 75
10 7.5 0.1 ( )

1000
− × = Μ× = ∏�#= & 

 �#<��$� 8��37.5 1000 10 7.5 ( )−= × × = ∏�#<��= & 

��$� 8��<�
��2
15.0 7.5 ( )

meg

memale
= × = ∏& 
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���� 7
=���� 8�� K�E ]�L�E ��>
3$� �<- W
X��0 �09� �
X$�¢L� 
�/1^� �09� 51�� 2 
.8
�9� q�
�6�� r��G,�   ��0  #� ���E W
X� 
L�� 
�/^�50 1= B�1E �= 75 1= �1= 

 �E
3$� D#^�$� R[#�� R#��� �#�!$�4 1= B�E r��G 2 P1�� r��1G I��1�� RL� D#^�1$� ¢
q�
�6�� 5�
L} 2��0 q�
�6�� .8
�� & ��B0 v��
1�}_} �#1�!$� R
1U #1�,  Rg1� Y�
�16��

 ��_-7
=����  & 
1f 516�� 7
1=���� 8�� R� ���E0 R� N-+,U�1$�   /1�L�� /1^q, �1->#�U ��1�0 

r#-8#Z��,W
X��0 ,�g� r#->
��� �->#�� R#��� v - /^�30.2922 58.5 5 10 −= × × = r��G
r#-8#Z�� �->#�U& 

                                                           30.635 127 5 10 −= × × =r#->
,�� �->#�U = r��G & 

 
 ��b%29 'B� �OC�#E �Z��� +,- 5O�Oc[�F6= �Z��   

 ���#-9� 7B8
)$� 
=��6�= r#�C
�#,�� � r#-8#Z�� sL�%r
� ��b'& 
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!���-: 

1−  8�� #\ 
=��$� < �,G#$� �L!��� ��
�$�   h8#G#50 r#-8#Z1�� �->#��� ����= 
M 0.1  

 8��  7B#=50 Na +=����= S1000��= � � S �� &0.1 �#=  S��= 
                                   310 50− × =�#=  

 r#-8#Z�� R#-� �#<��= 8��310 5.0− × = �#=  &310 �#<��=S �#=5.0 = �#<��=  
 

��$� 8��< ��
� =5.0��= < �#   ×                         5.0 =��
�<��= & 
 

2−  r#->
,�� ��
�$� 8�� #\ 
= 0	1  i>�? Ke|75����= & 
 r#->
,�� R#-9 7B#$� 8�� =7.5����= S1000����= S�� &0.1�#=  S�� 

310 75− × =�#=  
��#<��$� 8�2310 7.5 Ba

+− × = �#= %310�#<��=  S�#= = '7.5�#<��= & 
��$� 8��< ��
�22 7.5 Ba

+× =��= < ��
� =15.0��= <��
�& 
3−  d1� .#16� ��!�= �L��58	44  r#-8#1p �1->#�U r��1G1�1�  &28 1= r��1G 

 2�->850 7
�#-� �U j��[� = 8#-#Z�� 500  5!�$� �#�!<�� ����=%�
1=− 
�!E' 

− ��$� 8��< �8
,<�� ��
�4.8 28× ��
�<��=  Sr��G& 
                                                   130 =��
�<��=    

−  r#-8#Z�� 7B#= 8��58.44) =�G r�S�� '1
(0.5)( )

58.44
 

                                               110 5− × =�#=  
 r#-8#Z�� R#-9 �#<��$� 8��1500 1000 10 5−= × × =�#<��=  

1��
�<��=  
�#<��= 
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$� 8��� r#-8#Z�� R#-9 ��
�<�500× =%1��
�<��= ='5000�1!23�& 
=500r#-8#Z�� ��
�<��= <  130�8
,<�� ��
�<��=     

4− 50��11�� 11= �11-#t 8#11<� d11� 7>�11= 511)�,t �
11= 11= �11���= � ���11��   ¢L
5L�G0>����&1� K1} �>
1J� �
1$� lÀ #-� �#1�!$ \ 1=�>�0 r#-8#Z1�� ���1U

0.01m,  K} /^�45	0�8
)6�� HI �#p#�� @6� ����= &]�  y1��� A�$� F�U�� #\ 
  50�L�)��   h8#G#$� �L�)�� ����= ? 

8#<)�� ��Z6= �L�)��   �,G#= R#-� �L!�� ��
�<��= �U& 
 �#<��$� 8��NaOH% =  �#<��$� 8��+Η' 

45 ����= %210 1)− ×�#=  S��%=' 8��  �#<��$�+Η&' 
1(10 4.5)− ×%=  �#<��$� 8��+Η&' 

%  �#<��$� 8��+Η% ='  �#<��$� 8��+Η&' 
% 8�� ��
�<��$�A�= '1(10 4.5)− × = 

%y��� A�$� F�U��   = '     =            =       
 

5−  k�� �L�<- Y�U500 F1�U�� ����= 0	01 �#1= 1ª 1= �->#�U0>�1�\ �
�> = 8#<)E ,53� r#-8#p �->#�U�5L�G0>���� �����   AL& 

 �->#�U0>���� �<| �E#�O$� �#<��$� 8�� =500����=  ×0.01�#= S�� 
          =                         5	0�/0�1!   

 r#-8#Z11�� �11->#��� �#11<��$�  8�11� 11= 	#11�O$� = 8�11� �11ª 11= �#11<��$�
 �->#�U0>����0 �->#�U  �E#�O$� r#-8#Z�� =3

3

1
10 5 5

10
− × = × =�#=& 

 7
=���� 8��30.2922 58.44 10 5−= × × =   r��G 500�
= �� �= & 
 �,�p ,� �L�� RF�25 ,r��G �-D,+1�0T��0 R#\�1�� = �U NC>0 �
=   j&  j1,}

 �L� A�b��� �C#��5 PH=  K}� HI Ke|� �<U250n
�? �>08   �= & /^� 100 
�G� K} �=.� d� Q
!L�� /^� ¢L��> = 8#<� �_^ �¢L���& >�=7 ��<U ��^� h�= 

 �->#�U0>�1��� �ª =40�1=  6 %  ,1U   l1À K1}�Q& �O1C�#E �1C#�� �1�� 
��GB#E( ��GB#E Q
�3= ����� /^� , & 7
�
�,�� j�
U0�
6�
U: 

��
�<��$�8�� 
 Ke��L�)�� 

110 4.5− ×��
�<��= 
210 5− ×�� 

  9 ��
�<��= 
�� 
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Q
!L�� F�U�� ¢->�6�� d� ��<��� 
1.00  83  
1.25  98  
1.50  121  
1.75  137  
2.00  162  
2.25  179  
2.50  201  

 ����� =%30 & '   Q
!L�� F�U��40m �� �= � 8#<)E j�2.1��=  r��e S��& 
 ��D �)EN���   Q
!L�� ��<U 100 �= �E#!�$�& 

Cau−  F�U�� Q
!L��  100�=  
%Cau'100 �� �=  =.2.1 40×DI MQ
!L�� F�U�� �40

0.84 2.1
100

= × = r��e��=  S�� 
 F�U�� ��<��� i/\   Q
!L��100  0  �= 250�� �=  

DIM   r��e��$
E 0� r���
E ��<��� �250��= ��& 
0.84 r��e��=  ×250

0.210
1000

=r��e��= & 

 
 ��b%30 '6� KC>�) +Cu N��|�   



 338

�Z� ���GI 5�
�<�U >�? r#-#Z��  �13-�t �O1C�#E r#�1C
�#,�� 1��E j1-�G �O1C�#
Beukenkamp ,Riesmon &B�)= �#=��6C� i/�=_� R� 5�
�<���� ��B0M
��OE M ��G 

=��6C� K} �µ� �Z�0 ��?8 �Z� d� �#Z!�� ��G �-#t 8#<)��#8#<� M�kZ? M�,0  K�
�`-��)$�   l,/^�0 7 ���
6�� ¢�
6L��: 

��= 5��[~� Ke|��� �#<��= r#-8#Z�� R#-� S
�� 

K
+−�#<��$
E S�� 

124  0.7  0.0  
132  1.6  0.0  
140  3.7  0.0  
148  6.2  0.0  
156  10.6  0.0  
164  18.7  0.0  
172  21.9  0.0  
180  18.9  0.0  
188  10.6  0.2  
196  5.5  0.5  
204  2.5  1.2  
212  0.5  4.6  
220  0.0  6.6  
228  0.0  9.0  
236  0.0  10.4  
244  0.0  9.9  
252  0.0  8.1  
260  0.0  5.8  
268  0.0  3.7  
276  0.0  2.1  
284  0.0  1.4  
292  0.0  0.5  
300  0.0  0.2  

 ����� �o��%31 'r
)�� 




