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Ɩ 1ƕ� Ƅǻ2Ǝ¿D¸Ż�&³ȄÀî 
 

� ŰǘDòǴ!AºœȀ.�,�èô!AËƯę2�A­íŰǘD³Ȅ�&@�òǴ1Ǫ

�&ũĉ8-ũƨ�&@!A9.4��ƷƁ1ėǃ.�BA�92>00ƃƁ2&;1�

ÀîƐ2ƄǻƎ¿D¸Ż!Ağś4ä62óƩD�8,5&�®�Ɓ13�ÀîƐƴ��

A�3ÀîÈĘ1>AŹĞŰ2ŰŷƁ8&3ÀîƁ0ęǘ2ǩ�D¸Ż�,�ƃƁŰǘ�

A�3­íŰǘDƖ�Ƅ5Ǝ¿�#A9.1>),�³Ȅ=ũƨDƼ0ğś-�A�Ŀî

�ǔı-3�ŠŠ³ǯ�IM��Ĭ�×ƄĤ²2 3 *2³ȄśDÉ@�8,�1-1 3? 1-3

Ƙ-ŶŲDƙÃ18.;A.�1�1-4 Ƙ-3$B%B2ğś4ģ1AÓȋūDħĭ�&�

$2�-�ųƴ2ǉū3?ǺƀƉƒÇ4ÝƌƉƒDüǺ�&ƣłD 2ƕ��-Ǡ6A� 

 

1-1  ŠŠĤ² 

� ��1š�@ÌC0��Ƅǻ-2Ŧǘ2³ǯD¸Ż�&ŠŠĤ²3�ŇŰ�2ƸƟ=Ȏ

Ĳ3?ǶŰ=źŉċņŰ�2ǵý8-�ąĈ�ƃƁŰ2³Ȅƛǁ1Ĉ6¸Ż�B,�A[1]�

�Ƅ.�,3ȇŊę8&3�Ŋę2ĽŏŦê.Ř2ơ9ÌC#4�ƷƁ-�@�ſŘęƄ

��ŻDȏ¿¼.�,ĽŏŦê52Ĥ²4Ǚ9A�ǟć-3�ĽŏŦê2ŕę1ǯĝ�,�

Ř.�ě1šÌ!AĽŏŦê.ŽȈŜę»DŻ�&Û�ŠŠĤ²[2]=�IM�Š�[3]=ǚ

ƳŽŝ�[4-6]0/DĽŏŦê2�Ļ.�,Ż�&Ĥ²<ƂE1Ɖƒ�B,�A� 

 

1-1-1� ǵýIM�2ŠŠĤ² 

� ǵýIM�2ŠŠĤ²3�ſŘę2ǯ�ë.2ǷŹĞÈĘD¸Ż�&<24�ƷƁ-�

A��ƷƁ1�ŹĞ!AǷ�2³ǯŖ3ǵýIM�2ƐȌ1>),�8@ãÀ�0�2-�

ǷŹĞòį2ā4Ĥ²ę2āDĮǯ!A.ŷǊ�B,�A�92>00ŷż-�ǵýIM

�2ǬĢƁĤ²2Ŭ13�Ɩ�Ƅ2ǬĢ0?41ǬĢƁ1ƃƁǵýIM�.ǷŹĞ!Aǯ

�ë2ǎǌ4ǳǃ-�A� 

� Ɩ�Ƅ1*�,3�ŹĞ!AǷ�2Ȇƹ2>4ǯ�Ř2Ľŭ0/1>),Ǫ´0Ŋę�

ǓȆŵ�ǯ�ƯDĦ)&ĽŏŦê4ǬĢ-5A��Ǡ�&>01�ǟć-3ǵýIM�2

³Ȅ1<IM�Š� [7-12]=ǚƳŽŝ�[5,6]DƖ�Ƅ.!AŠŠĤ²4ÞÑ�B,�A�I

M�Š�3ĄŤ-Š�2à-�@�9BDƖ�Ƅ.!A.ÃƝ0ŠŠ³ǯ1½1,�IM

��Ĭ<Ĥ²2ȏ¿¼.�,¦6&;�ĽŏŦê.3ž0)&Ĩ¿Dƍ!�8&�ǚƳŽ

ŝ�3Š�.ŗ�2ęǘD�#Ħ(�Ŧǘ2¤ĦDöĉ.ŤĉD¹Ė!A9.-�ĳ&0

Ĥ²Ĩ¿Dƍ!9.4ÞÑ�B,�A� 

�Ĵ�9B8-1Ľŏ~�ǲƜ[13-15]�
-YTc�Ɯ[16-19]�MPX�Ɯ[20,21]0/2



 ��

Ō�0ǯ�ë4ǵýIM�2Ĥ²ǐƺ.�,Ǐ��B,5&�ǟć-3�TODGA= TOPO

2>00�ęǯ�ëDŻ�&­ÍĤ²[7,8,22-24]=�ǵýIM�2Âđ1ø�,ǬĢęDƀ

Ŷ!A>01�de�-�AǲƟ2ÄëǻǛȄ2ňǍ [18,25]=�N~`RZG���=R

}J�L�a�0/ŸŋǤDĦ)&ǯ�ë[27-30]1>AWI[ǒǕ0/�ǯ�ë2ǎǌ3

>@Ƨö10),�A� 

 

1-1-2�  N,N’-bis(2-hydroxybenzyl)-N,N’-bis(2-methylpyridyl) ethylenediamine 

 ǵýIM�.2ÈĘ-3�ÃĊǯ�ë1Ŗ6,äĊǯ�ëDŻ�&Ĵ4�>@ïò0Ƿ�

DďĞ!A9.4Ƈ?B,�A�A. Neves?3 2*2ǲǊȄËƯ0nKh��Ǯ��2*2

m~Y�Ǯ�. 2 *2ưƭĵƓƟÄëDde�.!AÏƓƟǂƟŸäĊǯ�ë

N,N’-bis(2-hydroxybenzyl)-N,N’-bis(2-methylpyridyl) ethylenediamine (H2bbpen)Ç4$2Ǔù�

DÌĞ�[31-33]�ĂØȌǵýIM�[34], 13 ĵǵýIM�[35], ǫƎǵýIM�[31,32,36].

2Ƿ�2ęǘ=ŋǤDÞÑ�,�A�H2bbpen 3��ǵýIM�1ø�,Ȇƹ4İÌ��

EDTA.ÍŌ1ä62ǵýIM�.ǷďĞ!A..<1�ȑ�³ǯƯ4ľĒ-5A9.3?�

H2bbpenÇ4$2Ǔù�DĤ²».!AǵýIM�2ŠŠĤ²4ÞÑ�B,�A[37-41]� 

 

1-2  IM��Ĭ 

� H. S. Thomson= J. T. Way?3�Øâ1Ï8BAG�veTIǲà4ǿIM��ĬƯDĽ

!A9.Dǅ²�&[42,43]��ŀ�ƚØǶŰ=]M}Ic0/2ŭŏǘIM��Ĭ�3Ʊà

».�,ĀŉƁ1Ĉ6¸Ż�B,5&��Ĵ�r�wG�bkd.ä�nKh��=nK

f��YGv�2ƨÌǳÌ1>),ĕ?BAōư4�$B%BǿIM��ĬƯ.ǾIM�

�ĬƯDƍ!9.4ÞÑ�B[44]��Ķ-3ÀîƁÇ4ŰŷƁ1ïò0Z_��lf�q�

]�DȐń.!AIM��Ĭōư4�ƷƁ1¸Ż�B,�A[1]�IM��Ĭōư3�Z�

rÝ(-SO3H)=N�sPX�Ý(-COOH)Dù«�&ǿIM��Ĭōư�YL_�GvhÝ

(-N(CH2CH3)2)=c~x_�GvhÝ(-N(CH3)3)Dù«�&ǾIM��Ĭōư�Ivh�Ǳǲ

(-N(CH2COOH)2)0/2P��cďĞÝDù«�&P��cōư1å·�BA[1]� 

 

1-2-1� ČàÝęǾIM��Ĭōư 

� Ɩ 3 ƞ��2Gv�D�ĬÝ.!AČàÝęǾIM��Ĭōư3�ǲęŦŠ�-29I

M��ĬƯDĦ*&;1�ĩŘ�2ǲ2ǽÅ1Ż�?B,�A[45-49]�ōư2°Ź1äǴ

2ĽŏŦê=à4ėǃ0čàÝęǾIM��Ĭōư.3ž0@�ČàÝęǾIM��Ĭō

ư3čàÝDÏ:ŘŦŠ1Şŧ�#A9.-õĸ1°Ź-5Aū-§B,�A[50, 51]� 

� ČàÝęǾIM��Ĭōư3ǦȄàÝÜ-3IM��ĬƯ3Ľ�,2?"�o�c�4



 ��

�½�,¶;,IM��ĬƯDĦ*&;��ĬÝ2ǲǊȄĆƾ.ǲǊȄòį2Ǐ�40�

B,5&[52, 53]�8&�ČàÝęǾIM��Ĭōư.Ō�0ŭŏ�Ľŏǲ.DÈĘ�#�

Ĥ²ĺƦ3?ÈĘǣĉ=ǬĢę1*�,2ňǍ<�B,�A[54, 55]�9B?2Ɖƒ-3Ŕ

�2ƐȌ=ŃŎĉ��ĬÝ2àÝęĉ2Đȉ1*�,ňǍ�B,�A4�ǲ2ƐȌ1>A

�ĬÝ52ÐƅŲĜ2ǩ�0/��ķƆ0ū<�A�8&�©2ÞÑ[50-55]-3IM��

ĬĆƾ2ǬĢ¢į3ķƋ1ĕ?B,�0�� 

 

1-2-2� IM��Ĭ1ø!AōưŔ�2Đȉ 

� IM��Ĭōư3ȑ³ëDYlf�q�]�Ɨ-ŃŎ�&�Ő¨ƥƃŋǤDĽ�,�A�

³ëǻȁƏĉ2ì(vR�tG)29DĦ*ōưDU�Ü�­ǳÌ�1ŦêÒ!AŦêDŢ½

�, 20 ~ 100 nm 2ǻȁ(uR�tG)DĦ*uR�tG(MP)Ü1å·�BA�Ŕ�13t~

GR~�Ɯ0/2ǈŘęt~u�DŻ�A<2<�A4�t~Z_��Ylf�q�]�

DŻ�&<24�-�A�ōư3Ǫĉ1�ƨę4�@�ŃŎĉ2��ōư-3¯Ǯ5Ř=

ŘÒŘD�)&IM�4 «!A.ƲŨ!A�ŃŎĉ2ȑ�ōư-3�ŃŎŋǤ1>),

ƲŨ4è8?BA�vR�tG3>@�ŃŎĉ2<2>@<ú�60A&;�IM�Âđ

2å50IM�3WI[ĩǽ1>AèôDÊ7A�8&�ŘÒLg�Q�2ú�0IM�

7/ƱŘÒ�B&ŲĜ-Ðƅ!A[56]� 

� ŖǝƁå50ōư2�ĬÝǴ2ä�ōư52IM��Ĭ-3�IM�ƴ�2Ɣ�Ɓ0ÿ

ȑ�4�ĬDèô!A&;��ĬõǴ4ú�60A9.4ÞÑ�B,�A[57]� 

 

1-2-3� IM�2ŘÒLg�Q�.ǬĢę 

� IM�3ǢĄŘÒ�&ŲĜ-ŘŦŠ�1Ŧí�,�A[58]�$2ŘÒLg�Q�|�Ghyd|

3ǿIM�.ǾIM�-3$B%B� 

ǿIM�: Li+ > Na+ > K+ > Rb+ > Cs+; Mg2+ > Ca2+ > Sr2+, Ba2+ 

ǾIM�: RL�ǲ > ǰƈǲ > Ǳǲ > àÀŰ > ƵÀŰ > Ɗǲ > |JÀŰ >_MXG

�ǲ 

2Ȋ10),�A�9B3]}_�0/2^�jRǘDàŁ!AƯ¼2Ȋ1Ɨ�6�ƀǅ

Ƭ2 Hofmeister2ÎDÉ@�rnuIZ^�Ɯµ.�0[59]�IM�2Ðƅ2č�3�Ɩ�

1Ȇƹ�Í Ȇƹ2ßÌ13ŘÒ2č�(ŘÒIM�Âđ or ŘÒLg�Q�)4ĮǯƁ-�

A�ŘÒ�&IM�4�ĬÝ.Ƅ��Ż!A&;13ƱŘÒ4ėǃ-�@�|�Ghyd|2ú�

�IM�7/�ĬÝ.Ƅ��Ż�=!��*8@�IM�2�ĬÝ52Ðƅ2Əĉ3rn

uIZ^�Ɯµ2ǡ-�A�2*2IM�ǻ127AÐƅƯ2ā4ǬĢ¢į.�,ƍ�BA� 

 



 ��

1-3  ODSX~N1>A×ƄĤ² 

� X~NU�1MR^bX�ÝD¥ȍ�&MR^bX�X~�ÀX~N(ODS X~N)3ǡ

ƄȑǣŠ�R�ucS}nH�(RP-HPLC)2×òƄ=�×ƄĤ²2×Ƅ.�,Ĉ6Ż�?B

,�A[60,61]�Ŕ�.0AX~NU�13�ŠƄ.Á³1Īǋ�#A9.. ODSÝ2ǹ�

42>$ 20 Å-�A9.Dƫĝ�,�ƠìƢ4 100 ÅƏĉ2ŖƿȈƑ2å5�äìǘX~

NU�4ǢĄŻ�?BA�ODS Ý3X~NU�ƿȈ2X}h��.2X}�N`o~�S

ÈĘ1>),ù«�B�N`o~�S»2ÈĘū1>),Ȓ*2N`o~�S»-ÌĞ�

&yhx~`R¥ȍ. 2 *��2N`o~�S»-ÌĞ�&t~x~`R¥ȍ1å·!A

9.4-5A� 

 

1-3-1  ŒíX}h�� 

� ODSX~NDŻ�& RP-HPLC3Ď¶�ƓƟÄëDĦ*ÀÌŰ1ø�,m�R2a�~�

S=şæ4ÞÑ�B[62]�$2ÄÕ3 ODS X~NƿȈ1Œí!AX}h��-�A.ăý

�B&[63]�$2ē<�àÝęÀÌŰ2 ODSX~N52¤Ħ1ø�, pH=Ťĉ2Đȉ1*

�,ąĈ6Ɖƒ�B,5&[64]�X}h��Ý3Ŕ�-�AX~NU�1 8 µmol m-2Əĉí

Ú!A9.4Ƈ?B,�A[65]�991R��Yx_�MR^bX�X}�0/2ǹǸG�

P�ÝDö1ù«�&.�,<�ļåǀǄŵ3 50 %Əĉ�@�ä62X}h��Ý4Œí

!A&;1m�Ra�~�S2ÄÕ.0A�ù«Ď¶2 ODSX~N-3�m~Y�DÏ:

ŦŠDN}w1ǢŠ���?3 ;X}h��.Ƅ��Ż�#A9.-�X}h��DÄ

Õ.!A�Ǡ2ÓȋDÔǭ�,5&[66]�$2ē�Yx_�MR^bX�X}�2x_�Ý

DnKf�Ý0/2ÿȑ�ñƯÝ1ƪĬ�&@�c~R��MR^bX�X}�0/2t

~nF�RX{e�0X}�N`o~�S»DŻ�,G�P�ÝDù«�&@!A.-�

X}h��Ý.2Ƅ��Ż2ǜţ4ǐ9?B,5&[61]��?1�ǹǸG�P�ÝDù«ē�

c~x_�X~�(TMS)ÝDù«!AL�dPz`o±ŷ=�ůƁƱŘ±ŷ1>),ŒíX

}h��Dţ?!9.-�ŶÚ-3 RP-HPLC -2ǧŻ1Óȋ0� ODS X~NDĕA9.

4-5A[67-71]��3��X}h��Dð¬1É@ǽ6Ľ¾0ğœ3ŶĹū-3íÚ#"�

�Ů.�, ODS X~N�1íÚ!A�HPLC 12�,×òƄ2ŋǤ.ŰŷƁűę3R�u

cS}nH�űęDŚ;AǃÕ-�A3?[72,73]�c~Z(2-x_�-8-Ph~h}c)O~J

wǷ�1>AX}h��2òǴ[74,75]=CP/MAS-29Si NMR= IR�}u�³ªś[68,71,76-78]

1>),×�ƿȈ2³Ł4�B,�A� 

 

 

 



 ��

1-3-2  Ơì¯2ŪBę 

� ODS= TMSDù«�& ODSX~N2Ơì¯3ȇĄ1ſŘƁ0Ÿá10),�A�$2

&;x^h��=G\cfc~�0/2Ř.šÌËƯ0ĽŏŦêDǢŠ!AV�bHX{

f�SDƼ09.-Ơì¯2 ODSƄ.ŠƄ2ĪǋD£�,5&�8&�ŘDƎ¿Ƅ.!A

RP-HPLC-3�¤ĦĹǻ=°Ŷę2��4ÞÑ�B�¤Ħ��2ǃÕ3 ODSÝ2÷Ǟ9-

�A.ƫ1?B,5&[79]�$2ēǹř?1>),�t�o1>A½ÙDő;&Ȃ1Ơì3

?Ǝ¿Ƅ4ġ7²A9.4¤Ħ��2ǃÕ-�A.ķ?31�B&[80,81]�Ơì¯5Ǝ¿Ƅ

DŞŨ�#A&;1�ƮÙDȑ6!A�X~N2¥ȍöĉD�8A�ǈŘę2ñƯÝDù

«!A0/2ğś4īŅ�B,�A[80-86]� 

 

1-3-3  ×ƄĤ²127A ODSX~N 

� ODSX~N3 1980ć�3?×ƄĤ²2×Ƅ.�,<¸Ż�Bé;[87]��Ķ-3³Ł2

º±ŷ.�,ĽŏŰŭŏŰDÓC"�ąĈ�çȃŰ2ǽÅ=ƃƁŰ2ũƨ1Ż�?B,�

A[88,89]�9B?2 ODSX~N3 1-3-1= 1-3-22>01 HPLC-ĕ&Ƈǅ1Ý+�,�×

Ƅ52Ŧǘ2Ǝ¿3ÃƝ0ſŘęƄ��Ż1>A³ǯ-�A.ƫ1?B,5&&;1�$

2¤Ħ2ǑƠ1*�,2ÞÑ37.E/0��įû0�ÞÑ2�-�½ƻ?3G\_�G

\c�. 1,10-nKe�c�~�2 ODS X~N52¤Ħ1*�,�G\_�G\c�3

Freundlich Ü2äþÐƅ.!A�Ĵ-�1,10-nKe�c�~�3 Langmuir Ü2ÃþÐƅ-

�A.��ÀÌŰ2¤Ħ1*�,�Ǘ�&ƣǔ4ĕ?B,�0�[90,91]� 

 

1-3-4� ODSX~NDĽŏŦê2�Ļ.!AǵýIM�2×ƄĤ² 

� 1-1-ȓ-Ǡ6&>01�ǵýIM�2³Ȅ1Ż�AĽŏŦê2Ÿá1�1AĐȉ4ÓȋǇ

�B�Ÿá1ø�,�ǖƹ0IM�Š�=ǚƳŽŝ�DĽŏŦê2�C@1Ɩ�Ƅ.�,

Ż�Ağś4Ǻƀ�B&[5-12]�92ŝB2�-�ODSƄDĽŏŦê2�Ļ.�,�Ĥ²»

2�Ƥť0?41ǵýIM�2Ĥ²©.�,¸Ż�&i`_ś-2Ɖƒ[92,93]=�N�c~

`YÜ2 ODS X~NDŻ�&Ɖƒ4ÞÑ�B&[94]�92>00ÞÑ38'û06�ǵý

IM�2ǬĢę4ŦêĤ²ś.Ŗǝ�B,�A4��Ǯ3�ƶ�,2?"�8&�ODS X

~N5¤Ħ�B&ǐƺ2ŲĜ4�ķƆ-�A0/�ĽŏŦê2�Ļ.�,2ƣǔ3ĕ?B

,�0�� 

 

 

 

 



 ��

1-4� Ŀǔı2ŋĞ 

1-4-1  ƙ¡1Ǔù�À-5AĤ²ǐƺ2ÌĞ.Ǐ� 

� ǵýIM�2ŠŠĤ²-3�ƃƁ1Ę &Ĥ²ǐƺ4ǑƠ0³ëǎǌ1Ý+�,Ǻƀ�

BAœȀ.0),�A��3�04?�$B?2ǐƺ3�ÌĞ4Öȅ-�)&@�ȇĄ1

ȑ�-�)&@!AßÌ4ä��$9-�ƙ¡0ÌĞś-�A
-TcLZa�.G�P�

YM��.2LZa��ĬÈĘDŻ�,�ĳǆĤ²»DÌĞ��ǵýIM�2Ĥ²ƯDǏ

��&� 

 

1-4-2  ǾIM��Ĭōư2ǨàƟǲIM�1ø!AǬĢęǏ� 

� ��1Ľô0ǨàƟǲIM�2ǽÅDƃƁ.�,�ĳ&0IM��Ĭōư=Ġƽ2Ǻƀ

40�B,5&�9B?3ĀŉƁ0ǉū4č6�ÀîƁ0ǉū1Ý+�&ÝƌƁ0ĚÞ3

ΔòƁ-�@�ļ<ǳǃ0ǬĢ¢į-�1�Ǘ�&ƣł4ĕ?B,�03)&�$9-�

Ĕŀś(IM�R�ucS}nH)-ǨàƟǲIM�2ǬĢ¢įDǏ�!AȂ2ÓȋūDƍ

��ĳ&1IM�ǬĢȆŊDŻ�,�Ɛ�2�ĬõǴ�ŃŎĉ�àÝęĉ2IM��Ĭō

ư52ǬĢ¢įDǏ��&� 

 

1-4-3  ODSX~N52Ĥ²xNf[w2Ǌķ.×ƄĤ²1Ǫ�& ODSX~N2ǎǌ 

� ODS X~N52×ƄĤ²127A¤Ħ2ǑƠ1*�,ÀîƁ0ƣǔ3ĕ?B,�0��

$9-�pa�ÄëDĦ*ŊęĽŏÀÌŰÇ4pa�ÄëDĦ&0�ȇŊęĽŏÀÌŰD

Ơìđ�ODS¥ȍǴ�L�dPz`o2Ľŭ2ž0A�ǥ2 ODSX~N5¤Ħ�#�¤Ħ

ŏŋ2ǑƠ0ǊķDǐ9&�½1,�ȇĄ1ſŘę2ȑ�Ĥ²ǐƺDĥĦ�#& ODSX~

N1>AǵýIM�2×ƄĤ²12�,�ODS X~N4ŠŠĤ²127AĽŏŦê2�Ļ

.�,ŏƯ!A31*�,Ǐ��&� 
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Ń 2Ł üš^O-β-JVCOnð×�)7:}�ſĻƆÕADq*ĞÆð× 
 

2-1 ŎŦ 

� ĞÆð×ė+Ĕy*ĴĳƆÕADq>Ņ��#Äƅ)å:ýė&�$Öċĳ)�į�;

$� [1]
źÙ	ƆÕADq*ð×)+mqƄÀ[2-4]5 β-NJVq[5,6]	DGMq[7,8](

'*GosVƂ�Ç&*ƈáí¨è�į
8;$
:
ƆÕADq*ĀĎĶ.*ð×Ŕ¯

u>Ĵĳ&�$	MT`À½5°ĿŊşŊĭÃÜƂ�Ç('*79şƐ(ČŻ*ÃÜƂ�

Ç>į
 ð×[9-11]5	TOPO >į
 �®ð×[12-15]4Ìŏ>u�$� 
�;8*ý

ė+ƆÕADq*ð×¢Ī+¯u�:tý%	ħË*ƆÕADq)Ð�$ƀïé>ò �

:�&+·ƒ%�" 
��%	HlBqCsUn)�Ŝ�;:ĭČŻ>ò#¤­Ħ5	

ƊƉ?nGn½*xĂł)Ƃ�Ɓ>ò#^O?Mn_lQpq*7�)yçƆÕADq*

LAP)Ð�$ƀïé>Ĳī�:ūř)7:ð×4¾²�;$
:[16,17]
 

� �;8*ūř+­í�ƛÛ)şƐ%�" 9	Ĵĳ)è� ŭÑ�¤�·ƒ%�" 9

�:�&�µƙ&�;$� 
��%ăŁ%+	β-JVCOUn&NDsn&*COUn~

ö¨è%å8;:^O β-JVCOUn¤­Ħ)ķĴ� 
�*îė+ƔÙ)Ĉų(�ÇŪ

ŧ�«Ŕ%�9	­í4 1 OUTb%¢Ī7�ĴĳĦ>å:�&�%�:
��,	ND

sn>VmDsn)Â�:!�%Ƃ�Ü>�8)Á5��&�%�:
0 ?nGn½*

Ɗ�>ƀï�:�&%¦ĉƈ�!�%(�	Ãĉƈ�*áí4āã%�:[17]
�8)	ƈ

�*ČŻ)ĵõÍw�(
 β-JVCOUnĂł)őö½>Ñ�%�: 3	ƓÇ�w½5

ƓÇ±Þ½('	Ñ��:őö½)7"$Ƃ�Ɓ*ƓÇÎÛ>�æ�:�&�%�:
�

;)7"$Ƃ�Ç*ƄŤƑËù5�ƂËù*�æ�«Ŕ&(:
 

� ăĸľ%+	Ăł)ß
ƓÇ±Þ½%�:Vm`nDphSn½>Ñ��	ƆÕADq

& 1 : 1 %¦ĉƈ�>áí�:7�)?nGnƉƊ CƝ&� hexane-1,6-diyl 

bis(4,4,4-trifluoro-3-oxobutanoate) (H2hdfob, H2L)>­í�	Úƕ¶ţƈ�	¶ƕ�ƈ�	�ƕ

�ƈ�('č�(ƈĮí�œ�8;:ſĻƆÕADq*ð×ĎČ>ŤĆ� 
 

� �
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2-2  Ìƚ�

2-2-1 Hexane-1,6-diyl bis (4,4,4-trifluoro-3-oxobutanoate): H2hdfob*­í�

� ^O β-JVCOUn¤­Ħ+ β-JVCOUn&NDsn> 2 : 1%¨è��:�&%å8

;:
ăŇ%+Ê�) β-JVCOUn>ĘŰ��: 3)	ethyl 4,4,4-trifluoroacetoacetate 

(184.11 g mol-1)& 1,6-hexanediol (118.17 g mol-1) � 2 : 1.1&(:7�)XO`lOK)¡�	

ťÆ&�$ p-toluene sulfonic acid>ě¡� 
Ě­Ħ> 368 K% 20þƋ¡ĥ÷ñ� ä	

ethyl 4,4,4-trifluoroacetoacetate �Ê�)ģ�(" �&> TLC%ĹŬ�	¨èŋ{&� 


Ě­Ħ>ĜºŘı(4 mmHg, 415 K)%ņŞä	ĴĳĦ%�:^O β-JVCOUn¤­Ħ

H2hdfob>å (©Ī: 43 %)
H2hdfob+ 1H-NMR, 13C-NMR, FT-IR%ØÕ� 
�

� uŸ*Ìƚ�8	 ĮíĦ�Į�$
(
�&>ĹŬ� *%	�ƍ+ď*č)ņŞ�

 
Ě­Ħ>hR[sn)ĞŤ�	0.2 mol L-1 (�mol dm-3)ƃƄƇĞę)Óƅ�#ğv�:

�&%Ƈƈ�ĖĒ>å 
ĖĒ>ġ��	Hppcng)ĞŤ��	0.2 mol L-1 EDTAĞę

(pH 7)&�)ô&��	ĀĎĶy)ĴĳĦ>đ� 
ĀĎĶ>ŕĔ� ä	C\eosV�

:�&% H2hdfob>å 
 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¸ 1  H2hdfob*­íOGsg 

  

F3C OEt

O O

OH
HO+ 

2 

Ethyl 4,4,4-trifluoroacetoacetate 1,6-hexanediol 

368 K, 20 h 

O
O CF3

F3C

O

O

OH

OH

O
O CF3

F3C

O O

O O

Hexane-1,6-diyl bis(4,4,4-trifluoro-3-oxobutanoate) : H2hdfob 

Enol form 

Keto form 

1 

2 

3 

4 
5 

6 
7 

8 

9 

10 

11 
12 

13 
14 

15 
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2-2-2  }ĶƋğËė)7: H2hdfob*ƄŤƑËù(8-)�ƂËù*ĕË 

� 0.1 mol L-1 H2hdfob>°2HppcngĞę& 0.1 mol L-1 NaOHĔĞę>�ępsV)¡

�	5�Ƌô&�� 
ô&�ä*ĔĶ* pH> pHhsRs%ĝË�	18 mmol L-1 NaOH

ĔĞę& 0.1 mol L-1 H2hdfobHppcngĞę>�;�; 0.01 µL�#¡�	�Û®�ø�

>Ő9ŷ� 
ƄŤƑËù Ka+ H2hdfob *?nGnƉ+Ɗ
*%	2 #*	-JVCOUn

*bpVq*ŤƑ+ĩŀ�$
:&�Ë�$ď*7�)ƄŤƑËùKa&�ƂËùKd>ń×

� [18,19]
 

� a mol L-1*Ƅéð×�>°2ĀĎĶ& b mol L-1*ĔƄ½>°2®�Ľ*ĔĶ�Úś)Ž

� Ə)	�ƂËù Kd&ƄŤƑËù Ka&ĔŊADqĠÛ*ƌ�+�v*Ý%Ŝ�:
 

 

!! + 1
!!

=  ! − !! [H!]� � � (1) 

 

Ý(1)>ÝÂá�	Ðù>ª:&	 

 

log ! = log !
!! + 1
!! [H!] + 1

 � � � (2) 

 

*č)Ŝ�:
H2hdfob+ 2#*	-JVCOUn>ò# 3 a = 2 [H2hdfob]&�$	�* b

)Ð�$[H+]>Âù&�	bpTV� 
 

 Ìƚ%å8; log bobsd &(2)Ý%Ŝ�;: log bcald&*×*}z´U�ÿÒ)(:7�)	

�;8*Ëù>ÿž¤� 
 

 

U =  (log ! !"#$ − log !!"#$)!                (3) 
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2-2-3  H2hdfob)7:}�ſĻƆÕADq*ĞÆð× 

� 1.0�10-4 mol L-1 }�ſĻƆÕADq(Co2+, Ni2+, Cu2+, Zn2+), 0.1 mol L-1 żÀŊƄXVmB

g§- 0.01 mol L-1 ƃƄÀ0 + Good’s Buffer (pH 3-7)>°2ĔĶ 20 mL& 0.01 mol L-1 

H2hdfob>°2ĀĎĶ 20 mL>�)Úś)Ž�:0% 20þƋô&�� 
 

� ô&�ä*ĔĶy* pH> pHhsRs%	ƆÕADqĠÛ> ICP-AES%ĝË� 
0 	

ĀĎĶ> 1 mol L-1 HClĔĞę%Źð×�	®č)�$ƆÕADqĠÛ>ĝË� 
 

� �*Ł%+ħ)�&=9*(
Ǝ9	[H2L] = 0.01 mol L-1	[M2+] = 1.0�10-4 mol L-1ĀĎĶ

+Hppcng	ADqßÛŮú�+ NaClO4>į
 
 

 

2-2-4  H2hdfobƈ�*űƅ�Ć 

� 0.01 mol L-1 H2hdfob hR[snĞę>0.2 mol L-1ſĻƆÕADq(ƃƄÀ)>°2ĔĞę)

6"�9&ğv�	ƈ�>ĖĒ�� 
ƈ�>ġ�ä	Hppcng)ĞŤ�	®�Ľ*

Ĕ&�)ô&�� 
ĀĎĶ>ŖĤŘĲ��	đ" ¹�> MALDI-TOF-MS)$űƅ�Ć

� 
 

� uũ*Ìƚ%į
 ūř+�$ħŉūř%�9	Ĕ+ňĔ>į
 
�
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2-3 ōć&œÏ 

2-3-1  H2hdfob*®Ë 

� Ŝ 1) 1H-NMR, 13C-NMR, FT-IR)7: H2hdfob*ØÕ>ĺ�
1H-NMR79	JV»	

C[sn»)Ķà�:Ƙ¼)�;�; 2 #*_sH>Ţĝ� 
JV»İą*� 3.75 &

4.28 +�;�;¸ 1 y*(3)&(5)*ĢŊ*bpVq&ØÕ� 
tý%	C[snİą*� 

4.33, 5.64�7- 11.8)Ţĝ�; _sH+�;�;(10)&(12)*ĢŊ*bpVq&(15)*]

WpGMn½*bpVq&ØÕ� 
�;8*_sHƕĽē�8 CDCl3y* H2hdfob *J

V : C[snē+ 1 : 3&ń×� 
0 	� FT-IR%+ 3428 cm-1& 1713 cm-1)�;�;

]WpGMn½&EndYn½)ØÕ�:±©>Ţĝ� 
 

 

Ŝ 1: H2hdfob* 1H-NMR, 13C-NMR, FT-IR 
1H-NMR 

(400 MHz, CDCl3) 

δ 1.4-1.5 (m, 4H (1)(8)), 1.6-1.7 (m, 4H (2)(9)), 3.75 (s, 0.5H (5)),  

4.22 (t, J = 6.0, 3H (10)), 4.28 (t, J = 6.0, 1H (3)), 5.64 (s, 0.75H (12)),  

11.8 (br.s 0.75H (15)) 
13C-NMR 

(400 MHz, CDCl3) 

δ 25.2, 28.2, 36.6, 37.7, 65.4, 65.8, 92.14, 92.5, 92.8, 93.1, 117.9, 119.9, 

120.8, 121.0, 122.6, 123.6, 123.9, 126.4, 159.1, 159.5, 159.9, 160.2, 171.5 

FT-IR 

(NEAT) 

3428 (-OH), 1713 (C=O) cm-1 
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2-3-2  H2hdfob*�ƂËù&ƄŤƑËù 

� Ìƚ%å8; log bobsd&[H+]*ƌ�>¸ 2)ĺ�
Esa`@TU@qI)79�ƂË

ù Kd&ƄŤƑËù Ka>ÿž¤� &�<	ōć>ŗÅ)�ī� 
H2hdfob*�ƂËù log 

Kd: 4.34&ƄŤƑËù pKa: 5.04 >å 
 

 

 

 

 

 

 

 

 

 

 

 

¸ 2  À½*ĠÛ b&bpVqĠÛ*ƌ�  H2hdfob 0.1 mol L-1 

 

2-3-3  }�ſĻƆÕADq*ĞÆð× 

� ¸ 3) H2hdfob)7:}�ſĻƆÕADq(Co2+, Ni2+, Cu2+, Zn2+)*HppcngĶ.*ð

×Ī% E& pH*ƌ�>ĺ�
�$*ƆÕADq)�
$ēŴĳ�
 pH(Cu2+: pH 3 ~ 4, Co2+, 

Ni2+, Zn2+: pH 5 ~ 6)%+ 10 ~ 20 %* pH)�È�(
ð×�Ų� 
�;+ H2hdfob�Yk

sVlnGjm?&�$ĎŔ�	Ð?YDq>��ADqÐð×)7:4*&œ�8;:
 

� ¬ƆÕADq*¥ð× pH(pH1/2)>�*�Ŝĳ(}ÜƂ�Ç%�: thenoyltrifluoroacetone 

(Htta)& 8-quinolinol (Hq)* pH1/2&ēŴ� (Ŝ 2)[20]

�;*ƆÕADq* pH1/2+Htta, Hq

794À½é�)M`V�$�9	H2hdfob *ƆÕADqð×Ŕ+ƛ�(
&œ�8;:


H2hdfob*ƆÕADqƋ*¥ð× pH×�pH1/2>ēŴ�:&	Cu2+& Ni2+Ƌ*�pH1/2+ 1.99

& Hqu *�pH1/2(0.87)794 2 ��uÄ�
*)Ð�$	Co2+, Ni2+, Zn2+Ƌ*�pH1/2 +

0.28(Co2+ - Ni2+Ƌ)&Ò�

7"$	H2hdfob+�*ƆÕADq*ð×Ŕ� Cu2+)ē/$�


 3)	Cu2+)Ð�$ƀïé>Ā� &œ�8;:
pH )�È�(
Ɓ�*ŤĆ+·ƒ

%�:�&�8	pH)�È�:Ƙ¼)#
$ÚśŤĆ)7:�òó£*ŤĆ>Ś" 
 

-3.95  

-3.90  

-3.85  

-3.80  

-3.75  

-3.70  

-3.65  

-3.60  

-3.55  

3.0E-07 5.0E-07 7.0E-07 

lo
g 
b 

[H+]/mol L-1 
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¸ 3  H2hdfob)7:}�ſĻƆÕADq*ĞÆð× Co2+(�), Ni2+(�), Cu2+(�), Zn2+(�): 

1.0�10-4 mol L-1; H2L 0.01 mol L-1; solv.: chloroform. 

 

 

 

Ŝ 2: ¬Ƃ�Ç)7:¥ð× pH 

 pH1/2 

M2+ H2hdfob Htta[20] Hq[20] 

Co2+ 6.74 4.10 3.21 

Ni2+ 6.46 5.00 2.38 

Cu2+ 4.47 1.38 1.51 

Zn2+ 6.58 n. d.a 3.30 

H2hdfob: 0.01 mol L-1(solv.: chloroform), Htta: 0.1 mol 

L-1(solv.: benzene), Hq: 0.1 mol L-1(solv.: chloroform). 
a n. d. : no data. 

 

  

0 

25 

50 

75 

100 

3.0  4.0  5.0  6.0  7.0  

%
E

 

pH 
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2-3-4  ÚśŤĆ)7:ƈĮí¨è*ŤĆ 

� ƄŤƑËù*ĕË*Ə)ËŒ� 7�)	H2L*bpVqŤƑ+ĩŀ� 4*&�	}�

ſĻƆÕADq(M2+)&*ƈĮí¨è>�v*7�)�Ë� [21-28]
 

 

M!!  +  H!L!  +  (2 – !)ClO!!  ⇄  MH!!!L(!!!)r(2 – !)ClO!! !  +  !H!� � � (4) 
n = 0, 1, 2                

ĂÔ*“o”+ĀĎĶ>ë³�:
(4)Ý79	ð×Ëù Kex+	 

 

!!"  =  [MH!!!L
(!!!)r(2 – !)ClO!! ]![H!]!

[M!!][H!L]![ClO!!]!!!
� � � (5) 

 

&Ŝ�:
ƆÕADq*�Ƃē> D = [MH2-nL(2-n)r(2-n)ClO4
-]o/ [M2+]&ő�&	(5)Ý+ 

 

!!"  =  [H!]!
[H!L]![ClO!!]!!!

!� � � (6) 

 

 

*č)Ŝ�:
(6)Ý*xŵ*Ðù>ª9	(7)Ý>å 
 

 

log ! = ! pH + log [H!L]! + (2 − !)log [ClO!!]  −  p!!" � � � (7) 
 

(7)Ý79	log D& pH, log [H2L]o, log [ClO4
-]*ƌ�>bpTV�	�*���8ð×)ƌ=

:�;�;*¤Éļ*Íw>ĊŨ� 
�8)	Įí� ƈ�)
�#*ƆÕADq�°

0;$
:�>ĊŨ�: 3) log D& log [M2+]*ƌ�)#
$4Ìƚ>Ś" 
 

 

2-3-4.1 bpVq*Íw 

� Cu2+)ƌ�$+ 2-2-3&®�Ą�%	Co2+, Ni2+, Zn2+)ƌ�$+[H2L] = 0.03 mol L-1&�$

�Ƃē)Ð�: pH*âƖ>ĊŨ� 
¸ 479bpTV*��+�;�; Co2+: 1.0, Ni2+: 

1.2, Cu2+: 1.7, Zn2+: 1.7%�9	Co2+, Ni2+%+ 1#*bpVq�	Cu2+, Zn2+%+ 2#*bp

Vq�ð×)ƌ��$
:&œ�8;:
Cu2+& Zn2+)#
$+źÙ*GosVð×�	

Co2+& Ni2+)#
$+Ð?YDq>��ADqÐð×�|ê�;:
 



 19 

�  

 

 

 

 

 

 

 

 

 

 

¸ 4  log D& pH*ƌ�  Co2+(�), Ni2+(�), Cu2+(�), Zn2+(�): 1.0�10-4 mol L-1; H2L: 0.01 

mol L-1(Cu2+), 0.03 mol L-1 (Co2+, Ni2+, Zn2+). 

 

2-3-4.2 ?YDq*Íw 

� log D )Ð�: ClO4
-*âƖ>ĊŨ� 
ð× pH +xƆÕADq*¥ð× pH )Ŷ
 6.5

)Ůú�	ADqßÛ+ NaClO4& NaCl*´� 0.1 mol L-1&(:č)Ůú� 
�*Ą�

+ 2-2-3&®�%�:
¸ 5) Co2+, Ni2+* log D& log [ClO4
-]*ƌ�>ĺ�

�;*ƆÕ

ADq*¿­4	?YDq�Èé+ĹŬ�;(�" 
�*�&�8	Co2+, Ni2+*ƈĮí

¨è+ƆÕADq)Ɯ#*ĔƄ½�Ƃ�� MOH+& H2L &*ƈĮí)7"$yéƈ�>

áí�	ĀĎĶ.�Ƃ� &œ�8;:
 

 

 

 

 

 

 

 

 

 

 

¸ 5  log D& log [ClO4
-]*ƌ�  Co2+(�), Ni2+(�): 1.0�10-4 mol L-1; H2L: 0.01 mol L-1; pH 

6.5. 

-1.5  

-1.0  

-0.5  

0.0  

0.5  

1.0  

4.0  5.0  6.0  7.0  

lo
g 
D

 

pH 

-0.5  

-0.3  

0.0  

0.3  

0.5  

0.00 0.05 0.10 

lo
g 
D

 

log [ClO4
-] 
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2-3-4.3 ð×)Ð�: H2LĠÛ*âƖ 

� ¬ƆÕADq* log D& log [H2L]o*ƌ�>¸ 6)ĺ�
�;�; pHƗ>ŝĐ�	 

log D – n pH vs log [H2L]o(n = 1, 2)%¸ĺ� 
Cu2++ð×�*ĠÛ)7"$ 1#0 + 2#

* H2L�	Co2+, Ni2+, Zn2+)#
$+ 1#* H2L�ð×)Íw�$
:�&�=�" 
�

$*ƆÕADq*ð×)ƌ�$	2-2-3*ð×Ą�%+[H2L]o = 0.01 mol L-1%�:�&�8	

1#* H2L�ð×)Íw�$
:&œ�8;:
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¸ 6  log D - n pH& log [H2L]o*ƌ�� Co2+(�), Ni2+(�), Cu2+(�), Zn2+(�): 1.0�10-4 mol 

L-1; ClO4
- 0.1 mol L-1; pH: 4.5 (Cu2+), 6.5 (Co2+, Ni2+, Zn2+); Slope: Co2+ = 0.97, Ni2+ = 0.81, Cu2+ = 

0.97 and 2.1, Zn2+ = 1.0. 

�  

 

-7.5  

-7.0  

-6.5  

-6.0  

-2.5  -2.0  -1.5  -1.0  
-7.0  

-6.5  

-6.0  

-2.5  -2.0  -1.5  -1.0  

-10.5  

-10.0  

-9.5  

-9.0  

-8.5  

-8.0  

-7.5  

-4.0  -3.0  -2.0  -1.0  0.0  
-14.0  

-13.5  

-13.0  

-12.5  

-2.5  -2.0  -1.5  -1.0  

lo
g 
D

 –
 p

H
 

log [H2L]o 

lo
g 
D

 –
 2

pH
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2-3-4.4 ð×)Ð�:ƆÕADqĠÛ*âƖ 

� ¬ƆÕADq* log D& log [M2+]*ƌ�>¸ 7)ĺ�
2-3-4.3&®č)	�;�;* pH

Ɨ>ŝĐ�	log D – n pH vs log [M2+](n = 1, 2)%¸ĺ� 
ð×)į
 ÌƚĄ�([M2+] = 1.0

�10-4 mol L-1)%+�Èé+ĹŬ%�(�" �&�8	Įí� ƈ�+¦ĉƈ�%�:&

œ�8;:
���	Co2+, Ni2+, Zn2+*¿­	+ƆÕADqĠÛ� 3.1�10-4 mol L-1�u%	

ƆÕADqĠÛ�Èé�ĹŬ�;	şĉƈ��Įí�:�¯�Š8; 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¸ 7  log D - n pH& log [M2+]*ƌ�  Co2+(�), Ni2+(�), Cu2+(�), Zn2+(�); H2L: 0.01 mol L-1; 

ClO4
- 0.1 mol L-1; pH: 4.5 (Cu2+), 6.5 (Co2+, Ni2+, Zn2+). 

 

  

-7.5  

-7.0  

-6.5  

-6.0  

-4.5  -4.0  -3.5  -3.0  
-7.0  

-6.5  

-6.0  

-5.5  

-4.5  -4.0  -3.5  -3.0  

-9.5  

-9.0  

-8.5  

-8.0  

-4.5  -4.0  -3.5  -3.0  
-14.0  

-13.5  

-13.0  

-12.5  

-12.0  

-11.5  

-4.5  -4.0  -3.5  -3.0  

lo
g 
D

 –
 p

H
 

log [M2+] 

lo
g 
D

 –
 2

pH
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2-3-5  MALDI-TOF-MS)7:}�ſĻƆÕADq-H2hdfobƈ�*űƅ�Ć 

� 2-3-4.4*ƛĠÛƘ¼)��:ƈĮíó£*ŤĆ+	ÚśŤĆ%+·ƒ%�" �&�8	

MALDI-TOF-MS >į
$¹�Ĩì%*ƈ�Ōí)#
$ĊŨ� 
fVmTHO&�$

1,1,4,4-Tetraphenyl-1,3-butadiene (358.47 g mol-1)>į
	ĝË+ZFU@aisW%Ś" 
 

� ¸ 8 &Ŝ 3 �8	Įí� ƈ�+¦ĉƈ�*1%	şĉ0 +Ãĉƈ�*áí+ĹŬ%

�(�" 
7"$	Ğęy*ƈĮí¨è)�
$4Įí�:ƈ�+¦ĉƈ�%�:&�

û� 
0 	MSōć�8 Co2+, Ni2+, Zn2++ƆÕADq&Ƃ�Ç&Ĕ� 1ƞ1ƞ1*Ōí%	

Cu2++ƆÕADq&Ƃ�Ç� 1ƞ1%ƈ�>áí�$
:�&�8	Co2+, Ni2+, Zn2++�ƕ�

ƈ�	Cu2++Úƕ¶ţáƈ�%�:&œ�8;:
2-3-3%ĺ�; ƀïé+	Co2+, Ni2+, Zn2+

ƈ�)Ĕ�Ƃ��:�&)7"$	¥ð× pH�ƛ pH�)M`V�  3) Cu2+, Zn2+Ƌ*

×�Ä��(" &œ�8;:
 

 

Ŝ 3  }�ſĻƆÕ-H2Lƈ�*űƅ�Ćōć&Ĭů� 

  Calculate m/z 

 Measurement M2+ : L2- : H2O  M(OH)+ : L2- : H2O 

 m/z 1 : 1 : 0 1 : 1 : 1 1 : 1 : 2  1 : 1 : 0 1 : 1 : 1 1 : 1 : 2 

Co2+ 485.3 451.0 469.0 487.0  469.0 487.0 505.0 

Ni2+ 490.2 450.0 468.0 486.0  468.0 486.0 504.0 

Cu2+ 454.1 455.0 473.0 491.0  473.0 491.0 509.0 

Zn2+ 490.1 456.0 474.0 492.0  474.0 492.0 510.0 
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�
8  
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-H
2 hdfob

�


�

M
S
�
�
�
�
�

  (a) C
o

2+, (b) N
i 2+, (c) C

u
2+, (d) Zn

2+; M
2+: 0.2 m

ol L
-1; H

2 L: 0.01 m
ol L

-1; m
atrix: 

1,1,4,4-tetraphenyl-1,3-butadiene. 
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2-4� ��� 

� &+,5<`J[#p��cz/+ β-)-&+,5GKm Hexane-1,6-diyl 

bis(4,4,4-trifluoro-3-oxobutanoate): H2hfob#K]��	;r�lS���� H2hdfob�F�S

a��|�Sa#
"�" log Kd: 4.34� pKa: 5.04���	 

� H2hdfob��!;B�t�V%'7�kP_E� pH �AQ�!�W�(68-_E��

pH �AQ���_E	{j
"�	H2hdfob �_Ew�=�_E}x� �?�	�Co2+, 

Ni2+�����i�N�iLi�Zn2+�iLi�Z��_E pH 	ON\C�*0-���

��ufq� Cu2+�U���^\#s��	 

� Xy|eI��@�~�Fe�uf���Cu2+� Zn2+�(68-_E�� H2hdfob	RD

��|���(8)Y�J[�Co2+� Ni2+�(68-_E��i�N#>��(9)Y�J[��

����V%'7 : H2hdfob	 1 : 1�:\�@#o]�dgr�_E
"��v��"!	

��h�q?� pH �M�����.28-35(14$���U$.'7#>�%'7

U_E�T9���!�v��"!	 

 

M!! + H!L! ⇄ ML! + 2H!� � � (8) 
 

MOH! + H!L! ⇄ MHL(OH)! + H!� � � (9) 
 

 

 

  



 25 

2-5  Hvbn 

[1] B. A Moyer, “Ion Exchange and Solvent Extraction”, 2013, Vol. 21, CRC Press, New York. 

[2] T. Sato, H. Suzuki, K. Sato, Solv. Extr. Res. Dev. Jpn. 14 (2007) 43. 

[3] S. Chandramouleeswaran, J. Ramkumar, M Basu, Anal. Chim. Acta 938 (2016) 123. 

[4] B. Sreenivasulu, A. Suresh, N. Sivaraman, M. Joseph, Solv. Extr. Ion Exch. 34 (2016) 422. 

[5] F. Khalili, S. A. Al-Taweel, Y. Y. Yousef, S. A. Al-Tarawneh, J. Saud. Chem. Soc. 12 (2008) 

165. 

[6] K. Nakashima, T. Maruyama, F. Kubota, M. Goto, Anal. Sci. 25 (2009) 77. 

[7] N. Suzuki, S. Nakamura, H. Imura, J. Radioanal. Chem. 57 (1980) 37. 

[8] F. Ikeda, H. Matsunaga, T. Yotsuyanagi, Bunseki Kagaku 31 (1982) 407. 

[9] Z Shir-Yekta., A. A. Zamani, M. R. Yahtian, Sep. Purif. Technol. 66 (2009) 98. 

[10] E. K. Baran, S. B. Yasar, Eur. J. Lipid Sci. Technol. 114 (2012) 1320. 

[11] N. Hirayama, N. Ichitani, K. Kubono, Y. Matsuoka, H. Kokusen, T. Honjo, Talanta 44 (1997) 

2019. 

[12] N. A. Grigorieva, I. Yu. Fleitlikh, Solv. Extr. Ion Exch. 33 (2015) 278. 

[13] A. Tsuguchi, A. Ohashi, Sung-Yong Choi, H. Imura, K. Ohashi, Anal. Sci. 18 (2002) 1227. 

[14] A. R. Ghiasvand, E. Mohagheghzadeh, Anal. Sci. 20 (2004) 917. 

[15] H. Okamura, H. Takagi, T. Isomura, K. Morita, H. Nagatani, H. Imura, Anal. Sci. 30 (2014) 

323. 

[16] A. H. Bond, M. L. Diets, R. Chiarizia, Ind. Eng. Chem. Res. 39 (2000) 3442. 

[17] S. Miyazaki, H. Mukai, S. Umetani, S. Kihara, M. Matsui, Anal. Chim. Acta 37 (1991) 525. 

[18] D. Dyrssen, Sven. Kem. Tidskr. 64 (1952). 213. 

[19] T. Sekine, D. Dyrssen, Anal. Chim. Acta 37 (1967) 217. 

[20] J. Stary, “The solvent extraction of metal chelates”, Pergamon Press, New York (1964). 

[21] I. M. Kolthoff, E. B. Sandell, J. Am. Chem. Soc. 63 (1941) 1906. 

[22] H. Irving, R. J. P. Williams, J. Chem. Soc. (1949) 1841. 

[23] H. M. Irving, Quart. Rev. 5 (1951) 200. 

[24] H. Irving, R. J. P. Williams, in: I. Kolthoff, P. Elving (Eds.), “Liquid-Liquid Extraction in 

Treatise on Analytical Chemistry”, Part I, Vol. 3, Interscience, New york (1961). 

[25] D. Dyrssen, Sven. Kem. Tidskr. 68 (1956). 212. 

[26] J. Stary, Chem. Listy 53 (1959) 556. 

[27] A. Ringbom, E. Still, Fin. Kemistsamf. Medd. 69 (1960) 17. 

[28] G. H. Morrison, H. Freiser, “Solvent Extraction in Analytical Chemistry”, Wiley, New York 



 26 

(1957). 

 

 



 27 

Ũ 3ŧ GJxƫąƾģ,<?ƹGJx�ČĥŹ-ƨÑŮƮGJxƫąýƎ� 
 

3-1� ųƋ 

� Ë}Į:ËƂĮ,¿5@?ƨÑŮƮGJx.�rH³Ŋ-ÀºƵá:¥¨ĵ-č�+*

Có�ƚ��»Ÿý��>���,Ěá+İĠŊƘ)�'ķř�@'�"[1,2]
GJx�Č

ĥŹ.Į�-ƨÑŮƮÑ-Ƹ·,ĚŔ(�?)ŷ�=@��Č-Ɵƣý:ÀŜâư-Ó

ÖyƨÑŮƮÑ-źŜ)ĥŹ-¦­ŔyĥŹś�(-ƨÑŮƮÑ-¨Ɗ+*-àŔŘ+Ɖ

ň�=�ē��ĥŹ:Ąſ-ƲŗŝŤ�+�@'�"[3-9]
���+�=�ÎŠŘ+ÿÏ

.Ʒ=@'�?
��/��@=-ęē-ƓĒ-�(�ę9ƯƄ+ƨÑŮƮ-ƫą�ĐC

ƍơ�'�?9-.{Ï��+�(log KCl
ClO4: 2.72 for QPEI-4(ǉğĦñktIWvxGmx

VGgĥŹ), 2.78 for A-530(SWvxRc^uhxUxVGgĥŹ)) [9]
 

� ìƖ-ĥŹ,%�'-Ĥ�+E^Jx-ƫą�Đ.�1950ï�[10-13]) @�ƶ[14, 15]

,�ð%�-Nuzg,<$'ōŦ,ŝŤ�+�@"
 -�.��,{ż�'�?��

ƨÑŮƮÑ,%�'.�log KCl
ClO4: 2.18) 1.5 ([toWuEm_oWuÌ, ğĦñ 8 %)[11, 

15], 1.4 (2-b\wLQIWuRoWuEm_oWuÌ)[11] -<�,ģ8'ŕ+?��ÏÁ

�@�Ę,�Čŏ,��ƫą�Đ-Ô³�š�@� -¶Æ�ƔƓ�@'�"[11, 14-17]


�-<�+ŌĴ-"8�ęƠ-ÏÁ(.�ĥŹś, ClO4
-�3)D*ÛÊ�+�Ĝ�Ǌ��

/�ClO4
--pu¨ŏ� 10-4vhuǋ(-��š�@?<�,+$'�?[18]
5"�ęƠ-

ƫą�Đ�ƍƝ�@"`x\fXM,.�ƨÑŮƮÑ-�Đ.ƍƝ�@'�+�[19]
 

� ěŝŤ(.�5�ª8,��@5(,{Ɨ�"��ù=@'�+�ƨÑŮƮGJx-ƫ

ą�ĐCıß�?Ƽ��CàǈŘ,š�"
 -|(�GJxƫąƾģ(ISE)CŔ�"ƾ�

ëŀßĶ,<$'��A�A+�ČâưyğĦñyÑÎýñ-GJx�ČĥŹ1-ƨÑŮ

ƮÑ-ƫą�Đ-¦Ǝ�,Ă°�"
ƈÂý-���-E^Jx(eX³Ŋ, Ñ³Ŋ, ŞƮ

Ñ)-�Đ.GJxMwl[N±eFz(į8�ĥŹůĂ�ƫą�Đ,¹4�÷ƿ,%�'

ƔƓ�"
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3-2� àǈ 

3-2-1� ƹGJx�ČĥŹ-ŋý 

� 4%-õÑÎýƹGJx�ČĥŹ(SBAs))4%-ôÑÎýƹGJx�ČĥŹ(WBAs)CƎ�

�"
3%-SBAs)1%-WBA.ìƖÃ(SBAs: Dowex 1×2, Dowex 1×8, Dowex 2×8; WBA: 

Dowex WBA)CŔ�'�>� @!@I-3×2, I-3×8, II-2×8, W-4-<�,Ƃƍ�?
 ęª-Đ

Ú.��< -�ČâưC�Ĩ-ĐÚ.Rc^uhxUx,<?ğĦñCš�'�?(|ƍ

-ĥŹ.£'lMwkz±SÌ)
{Ĕ([toWuEm_oWuÎ(I-1	2))RoWuEm

_oWuÎ(W-1, 2, 3)Cæ¢�"��Čâư(OuÌ-ĥŹ.�oteFzu\ĥŹ(TCI, Cl 

contents/ mmol g-1, ğĦñ: 0.9, 2 %; 1.9, 2 %; 2.9, 1 %)�=ĕÏ,�$'½Ă�"[20, 21]
E

xp^HnÎ5".Em_Î-æ¢.�ƙÕÀºSiM[u,��?1265 cm-1Ơ�-

H-C-Cl�ŵĉ²,<?Àº-ľè�=«ß�"[22]
WBAs-¥(W-4-Ð½,-6�3450 

cm-1C�ú,µ�í300 cm-1-õ�fwz\+Àº�Ɖŀ�@"�)�=��=�-ƈĮÎ

-ÛÊ�š�@"(É1)
 @!@-SBAs.ewzQSYnCŔ�'NaCl5".NaBrĮłļ

CƢ�?�),<$'�ClÌ5".BrÌ)�"
å�'�£'-WBAs.´¨+ư-Į(ĸ

ĺ�"
ĥŹ.ĭĿ25 �,śåŁñ50%-NwzfjXMS¥,×ū�"
 

 

 

 

 

 

 

 

 

 

É1� WBAs-IRSiM[u 
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 10~30 mg-SBAsCĩş,ŀ>)>�6~10 mL-NaClO4Įłļ)îƁ³�"
 -ø�|ń

6�-Cl-5".Br--ưCŀß�"
ĩş,Ū§�"SBA-�ČâưCƂ1,5)8"
ĕ,

ÏÁ�@'�?<�,�II-2	8-BrÌ)ClÌƳ-�Čâư-ë.�Br-)Cl--¨Ùư)ĮÂ

Đ-ë,ƚÆ�?[21]
W-4-¿Įŏ��-WBA<>ǉ��).�IRSiM[u(�=�-

ƈĮÎ-ÛÊ�šÄ�@"�)Cďć�'�?
 

Ƃ1� SBAs)ƧƻÑÎÌ-WBAs-ŋý 

SBA, form type origin 
exchange capacity 

nb 
mmol g-1 

I-1	2, Br- gel a 0.77�0.03 10 

I-3	2, Br- porous Dowex 1	2 3.17�0.02 9 

I-3	8, Br- porous Dowex 1	8 2.76�0.02 9 

II-2	8, Br- porous Dowex 2	8 2.18�0.03 4 

II-2	8, Cl- porous Dowex 2	8 2.58 1 

WBA type origin 
nitrogen content water content 

mmol g-1 % 

W-1 gel a 0.84 0.1 

W-2 gel a 2.02 0.2 

W-3 gel a 2.77 0.4 

W-4 porous Dowex WBA 4.19 2.9 
a oteFzu\ĥŹ�=½Ă�". 
b ZzVĐ. 

 

3-2-2� GJx�ČîƁ,Î&�ƫą�Đ-Ǝ� 

� X-ÌĥŹ(m g))A-C¿7Įłļ(q mL)-îƁ,��'�X-,å�?A--ƫą�Đ.(1)ò 

!!!  =  [−R
!,A!][X!]

[−R!, X!][A!]                 (1) 

(��=@?
[X-])[A-]. X-) A--Įś�-E^JxŅñ(mol L-1(�mol dm-3))(�>�|

ń6łļ-¨ĝ,<$'į8"
{Ĕ�[-R+,X-])[-R+,A-].ĥŹś�-E^Jxư(mol kg-1)

(�>�¨ƻø-ĥŹ�=Þ£,E^JxCł§��"łƻļ-¨ĝ,<>į8"
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� X-) A--ŊƘư TAX/ mmol ) TAA/ mmol. @!@(2), (3)ò(š�@?
 

 

TA!  =  [−R!, X!] × ! + [X!] × !              (2) 
 

TA!  =  [−R!,A!] × ! + [A!] × !              (3) 
 

êƆŘ,ĥŹ¥ƭ.ƾĭŘ�ý(�?�=�(4)ò 

 

[−R!,A!] × ! =  [X!] × !                               (4) 
 

�Ă>Ŧ%
4%-a±ozV([X-], [A-], [-R+, X-], [-R+, A-]).(2)~(4)ò,<$'��,ƴ�

��?-(� @=-Ǎ%CŔ�?(5)~(8)ò,<> 4Ƣ>-ƫą�Đ KX
A�ƌŪ�@?
 

 

!!!([X!])  =  ([X!] × !)!
(TA! − [X!] × !)(TA! − [X!] × !)                                                    (5) 

 

!!!([A!])  =  (TA! − [A!] × !)!
(TA! − TA! + [A!] × !)([A!] × !)                                                   (6) 

 

!!!([−R!, X!])  =  (TA! − [−R!, X!] × !)!
[−R!, X!] × ! × (TA! − TA! + [−R!, X!] × !)              (7) 

 

!!!([−R!,A!])  =  ([−R!,A!] × !)!
(TA! − [−R!,A!] × !)(TA! − [−R!,A!] × !)                 (8) 

 

A-,<?ĥŹ|- X--�Čŏ(RE)9 4%-a±ozV�=(9)~(12)ò,<$' 4Ƣ>,ƌŪ

�@?
 

 

RE[X!]  =  [X
!] × !
TA!

                                         (9) 
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RE[A!]  =  TA! − [A
!] × !

TA!
                           (10) 

 

RE[−R!, X!]  =  TA! − [−R
!, X!] × !

TA!
     (11) 

 

RE[−R!,A!]  =  [−R
!,A!] × !
TA!

                   (12) 

 

�ǃý-ǉ�îƁƊĝ,.�RE� 0.1 ~ 0.9-ŬÈCƉŀ�?ûƄ��>� @.[A-],�

?)åĐ�( 3 ~ 4-ŬÈ,śö�?
 @!@-E^Jx-Ņñ)ŋý,�Û�?ƪ©+

¨ĝĔĶCŔ��¼a±ozV(į8"ƫą�Đ log KX
A) RE-ƴ�((5)ò)(9)ò, (6)ò)

(10)ò, (7)ò)(11)ò, (8)ò)(12)ò)CƎ��"
 

 

3-2-3� Ď� 

� 10-3.5 ~ 10-1.0 mol L-1,ƒđ�"ƴƤE^Jx-][tHnÑĮłļ 25 mL) 10 ~ 100 mg

- SBAs C¤,ĉ)��"
�-Ĝ�(.�GJx�ČÎ,å�?E^Jx-ŊƘưĬ.

0.3 ~ 100 )+?
îƁ®Ʃø�ĥŹCŇ¬��ĥŹś�-E^JxCł§��?"8,

NaClO4Įłļ(ĉ)��"
II-2	8(. ClÌC NO3
-) Br--�Č,�BrÌC ClO4

-) F--

�Č,Ŕ�"
�-ĥŹ(.�£'-E^Jx-�Č, BrÌCŔ�"(Ƃ 1)
 

� WBAs(-N)-Ð½�(13)ò(��=@?õƮ (HA: HClO4, HNO3, HBr, HCl))-¤Ć§C5

�Ǝ��"
é�HF.àǈĎ��ÇƼ(�?"8ěàǈ,¿8+��))�"
 

 

−N + H! + A!  =  (−NH!,A!)                  (13) 
�  

�  -ŰĞ,Î&�'�10 ~ 100 mg-�ýĥŹC�2ţǅ-ƮCĽ½�ŲŅñ� 10-2 mol L-1

)+?<�,ƒđ�"{Ƥ-Ʈłļ))9,ĉ)��"
gw[x� 10-2 mol L-1ÛÊ�?

Ĝ�(.�W-1CƸ�ƧƻÌ-WBAs(W-2~4).�Ʈłļ�ĥŹ¥,ĻŃ�?�)(�gw

[x��ČÎ(-N),�±��GJx�Č»Ÿ+ŌĀ(-NH+),+$"
îƁ®Ʃø�ĥŹCŇ

¬��E^JxCł§��?"8, NaOHĮłļ))9,ĉ)��"
 

� |ń6ļ)ł§ļC¤,�ƾĭ�æñĢ§ÅC��" IC,æ¢�"
łƻļ(8 mmol L-1 p-

b\wLQÝþǇƮ, 2.8 mmol L-1 Bis-Tris, pH3.6). F-, Cl-, Br-, NO3
--ßư,ƪ�"9-CĊ

Ŕ�"
�-Ĝ�(.�ClO4
--dzM�ž��fwz\³��ßư(�+�$"
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� ƨÑŮƮÑ- ISE .�ĒŎ,ƍ�@"<�,�Ñ³[t\ZQuoWuExp^Hn

(TDMAC)C�$'�Ă���Ŕ¯, 10-2 mol L-1 NaClO4łļ(PxZFQq^xN�"[23]


25�,×$"Ĩ-Tu-ƾ�,Î&�' ClO4
-Cßư�"
 

 

Ag/AgCl | NaCl (satd.) || sample solution | membrane | 10-2 mol L-1 NaCl and NaClO4, phosphate 

buffer (pH 6.8) | Ag/AgCl 

 

KClO4-ĲīœĂCƬ�?"8,�KCl-�B>,ÑĦ)�'ǆÂ NaClCŔ�"
ûƄ,

ü�' Br-: Cl-,<?ØáCŷā�"
 

� ƫą�Đ)�Čŏ.(5)~(12)ò,<$'ƌŪ�@"
Įś�-Ĺư�Đ-Ô³Cŷā��

ƫą�Đ-çĐň�}. 1 ġ)�"
II-2	8 - KBr
Cl) KBr

NO3-ƫą�Đ. KCl
Br) KCl

NO3

CŔ�'ƌŪ,<>æ§�"
£'-GJx�Č-Đ�ZzV. 3-5,5)8"
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3-3� ŰĞ)ŷä 

3-3-1� 4%-a±ozVCŔ�"ƫą�Đ-Ǝ� 

� ��Ř+Ǝ�)�'�CNO-,<? BrÌ I-3	8ĥŹ-�Č,ƴB? 4%-a±ozV[X-], 

[A-], [-R+,X-], [-R+,A-](X-: Br-; A-; CNO-)C{ŽŘ+ ICƃŶ(į8�4VGg-ƫą�Đ KBr
CNO

)�Čŏ REC(5)-(12)ò,<$'£'ƌŪ�"
�@,<>�Ǝ�-�ǃýCǉ8?)¤,�

àƺ,Ǝ��ÇƼ,+?Ð½��@/ @Cš��)�(�?
É 2 ( RE([-R+,CNO-]) ,

å�'gwX[�"ƫą�Đ-åĐ�.�KBr
CNO([-R+,CNO-])CƸ�'���,<�{ż�

"
IC (öƏGJx�Õ-dzM�§Ő�"�)�=�KBr
CNO([-R+,CNO-])��-ZzV�

=Ʀź�'�?-.�CNO-�ł§-ƺ,ƭ¨Ř,¨Ɗ�""8(�?�)�Ė=�)+$

"
 

� RE�Ö��+?)(>0.8)�[-R+, Br-].ç��+>�[Br-]�?�.[CNO-]�=į8"[-R+, Br-]

-�-�ǃý���+?"8,�KBr
CNO([Br-])) KBr

CNO([CNO-]).ĩ��Ǝ��?�).(�

+�$"
ĥŹ�=ł§�'Śċßư�"[-R+, Br-]CŔ�'Ū§�"Ð½,#���Čŏ-

ǉ�ǂÍ(×ö+��ù=@"
 

� �|<>��Ţñ-ƫąýCĚ�?E^Jx-Ð½Ǌ[-R+,CNO-]-<�+ŋĪ+Ð½CƸ

�ǋ���@-a±ozVCŔ�'9�RE = 0.2 ~ 08-ŬÈ(ƫą�ĐCƪ©,Ǝ�(�?
 

É 2� ŕ+?a±ozV(ƌŪ�" I-3	8- log KBr
A,å�? RE-÷ƿ 


: log KBr
CNO ([Br-]), �: log KBr

CNO ([CNO-]), �: log KBr
CNO ([-R+, Br-]), ǌ: log KBr

CNO ([-R+, 

CNO-]) determined by IC. 	: log KBr
ClO4 ([Br-]) determined by IC,	: log KBr

ClO4 ([ClO4
-]) 

determined by ISE. 
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0.0  
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g 
K B

rA  

% RE 



 34 

3-3-2� GJxƫąƾģ,<? ClO4
--ƫą�ĐƎ� 

� BrÌ I-3	8ĥŹ( ClO4
-C�Č�"|ń6łļ(X-: Br-; A-: ClO4

-)C�[Br-]ßư-"8, IC

,æ¢�"
ŋ¬+K±n)łƻļCĊŔ�+�Ʒ>[9]�IC( ClO4
--ßư.(�+�
�

"�$'�ěŝŤ(. KBr
ClO4([ClO4

-]) ((6)ò)) KBr
ClO4([-R+,ClO4

-]) ((8)ò)Cù?�).(�+

�$"
5"�ǉƫąý-E^Jx(�? ClO4
-.�ĥŹ�- Br-)34ßưŘ,�Č�?


�-Ĥ+GJx�Č(.��ƞ6- ClO4
-Ņñ)ĉ)�ø,ĥŹ�=ł§�" Br--Ņñë�

=łļ�- ClO4
-ŅñCį8?ăĶ(.�Ƒë�Ö����-�-ĩ��CƎ�(�+�


<$'�É 2,gwX[�" KBr
ClO4([Br-]).�Čŏ RE-Ó±))9,Ó±�'�?���

-Ĉ²-�ǃý.��)ŷ�=@?
��/�10 mg- I-3	8ĥŹC 2.00	10-4 5". 4.00 

	10-4 mol L-1- ClO4
-Įłļ)¤,ĉ)��"Ð½�ĉ)�ø-[Br-]. @!@ 1.93	10-4 

) 3.78	10-4 mol L-1(�?
�ƞ6- ClO4
-)ĉ)�ø- Br-)-Ņñë�=ƌŪ�"[ClO4

-]

. 0.07	10-4) 0.22	10-4 mol L-1(�>�Ö�+ĩ-ƑëC¿D(�?»Ÿý��?
%5

>�KBr
ClO4([Br-])CŔ�"Ǝ�(.�ŭűŘ,ƕ-Ƒë�œ�?�),+?
�- ¾.�

� RE(<>Ǆž(�$"
�|-�)�=�Įłļ�-[ClO4
-]CŚċßư�?ăĶCŔ�

?ûƄ��?
 

� ISE(ßư�" KBr
ClO4([ClO4

-])95"É 2,š�"
KBr
ClO4([ClO4

-])-�.�¡-ÏÁ[11]

).ŕ+$'RE,ã=�{ß(�>�5"ǉ�Čŏ-ė,[Br-]C�$'į8"KBr
ClO4([Br-])

,Ơ�$"
ǉ�Čŏ-Ð½,.�¡,ơ2" KBr
ClO4([Br-])-Ƒë�ç��"8(�?
�

@=-ŰĞ.��,{Ɨý��>��¯-ÏÁ,��?ƫą�Đ-~{ż) KX
ClO4- RE�

Ûý.��@9�|ń6łļ�-E^Jx-ßư�~ƪ©+"8�?)ŰƓ(�?[13, 15]


KBr
ClO4 ) KBr

Cl -Â�=į8" KCl
ClO4 -�. 102.21 (�±RJo[t(Ū§�"ƫą�Đ

102.18[12])<�{ż�"
ISE,<?ƾ�ëŀß.�ǉƫąýE^Jx- KX
ACƎ��?-

,{ŽŘ,ƪŔ»Ÿ(�?
 

 

3-3-3� eX³ŊGJx-ƫą�Đ 

� 4 %- SBA - 4 %-E^Jx,<?�Č,��?ƫą�Đ-�Čŏ�ÛýCÉ 3 ,š�

"
F-CƸ�E^Jx-�Đ.�£'-ĥŹ( RE,ã=�{ß(�$"
{Ĕ(�I-1	2, 

I-3	8, I-3	2- log KBr
F-�.%RE� 0�= 1001Ó±�?,%@'� @!@ 0.30, 0.34, 

0.43ľè�"(É 3 (a) ~ (c))
F-.ģ8'ƈĮŘ(ĥŹś�(���+>ĮÂ�'�?[21]


ǉ�Čŏė,.�F-,<$'ĥŹ�ŻŃ�<�)�?-CğĦ�Øá�?"8,�F--ƫą

ý��}�?
�-<�+ƫą�Đ-�}.��-ƈĮýKujxƮE^Jx(9Ɖŀ�

@'�>��Čâư-Ö�+ĥŹ-Ð½3*Ǆž(�?[24]
 

� II-2	8-ĥŹ.b\wIWuÎCĚ�'�>�ĮŮŰ½\]z)�' F-)ś��Ŕ�?
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àƺ��¯,ƍơ�" II-2	8|- F--ĮÂĐ(4.8). I-3	8(5.6)<>34 1�¨è+�$"

[21]
 -ĮÂĮ-¨#��II-2	8(.ŻŃ�ƛľ�@�RE�Ó±�'9ƫą�Đ.{ß

(�$"(É 3 (d))
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

É 3� 4%-ĥŹ(-GJx�Č,��? log KBr
A,å�? RE-÷ƿ� (a) I-1	2, (b) I-3	

8, (c) I-3	2, (d) II-2	8. A-: �, ClO4
-; �, NO3

-; �, Cl-; 	, F-. 
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3-3-4� ôÑÎýƹGJx�ČĥŹ1-Ʈ-¤ÀŜ)ƫą�Đ 

� ôÑÎýƹGJx�ČĥŹ.gw[x��±�?�)(ª8'GJx�ČŸCĚ�?


ŲƮŅñ� 10-2 mol L-1<>Ö��ė��ČÎ(�?RoWuEm_Î-ŊƘư)ũ�� H+

) A-� W-41¤ÀŜ�"
W-2) W-3-Ð½�³ÜưƓŘ+¤ÀŜ. HNO3, HBr) HCl

(-6şƐ�@�îƁ5( 1ƥƳ¯ø)Ʊ�ėƳCƄ�"
å�'�HClO4.�ČÎư,å

�'ęÖ(Đ 10%��¤ÀŜ�+�$"
{Ĕ(�W-1.ņ@ý���(water content: 0.1 %)

�ČÎư9è+�"8,�ĥŹ)�'´¨,ħŸ���¤ÀŜ.ƅ=@+�$"
 

� �@=-ŰĞ,Î&�'�ßưŘ+¤ÀŜCƚ��"Ʈ-ů6½B�-Ð½,%�'�

àǈǀ(ơ2"<�,�'ƫą�ĐCƎ��"
ƫą�Đ.�@=-ĥŹ(9�Čŏ RE,

�Û�+�$"(3-5Ƃ 19-25)
 

 

3-3-5� ĥŹƳ-ƫą�Đ-ĬƜ 

� 4%-WBA1- 4%-E^Jx��<0 3%-WBA1- 2%�?�. 3%-E^Jx

-ƫą�ĐCƂ 2,5)8?)¤,��Čŏ RE 50%(- I-1	2, I-3	8, I-3	2- log KBr
F

CÉ 4(ĬƜ�"
[toWuEm_oWuÌ SBA- log KBr
ClO4) log KBr

F-ë.�I-1	2 

(3.99) > I-3	8 (3.34) > I-3	2 (2.29)-ǁ,ľè�"
I-1	2.Exp^HnÎCć"+�S

WvxC�+>-ư(¿D(�>�<>ƈĳŘ�?�.ŖĮŘŒÒ,+$'�?)ŷ�=

@?
�-"8,�ƈĳŘ+E^Jx.<>Ě­,�Č�@?{Ĕ(�ƈĮŘ+E^Jx

-�Č.~­,+?
åŉŘ,�I-3	2.<>ƈĮŘ+ƽÈĭCć$'�?"8,�åĐ�

( 1.7 Ţñ9¨ƻŸ��}�"
II-2	8 . I-3	8 )Ĭ2'�eX³ŊGJx:ŞƮGJx

+*-ĮŮŰ½EMTgVzýE^Jx,å�'ǉ�ƫąýCš�"
WBA9ĮŮŰ½E

MTgVz-ŞƮGJx,å�'ǉ�ƫąýCš�"
�- ¾.�SBA-Ð½-<�,�

ťŮ¶Ù-è+�ĥŹ(Ǆž(�$"
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-2.5  

-1.5  

-0.5  

0.5  

1.5  

2.5  

lo
g 
K B

rA 

I-3×8 I-3×2 II-2×8 I-1×2 W-3 W-2 W-4 

Ƃ 2� ¼ĥŹ(SBAs, WBAs)- 4%-E^Jx-ƫą�Đ a 

Resin 
A- 

ClO4
- NO3

- Cl- F- 

I-1	2 1.91�0.03 (6) 0.13�0.02 (5) -0.70�0.00 (6) -1.93 - 0.30	RE (8) 

I-3	8 1.61�0.03 (14) -0.1�0.1 (5) -0.60�0.05 (7) -1.55 - 0.34	RE (7) 

I-3	2 1.32�0.05 (8) -0.03�0.03 (6) -0.36�0.01 (4) -0.75 - 0.43	RE (5) 

II-2	8 1.68�0.04 (9) 0.02�0.02 (7) -0.53�0.04 (7) -1.2�0.1 (7) 

W-2 n.d.b 0.31�0.03 (4) -0.44�0.05 (5) n.e.c 

W-3 n.d.b 0.21�0.02 (6) -0.49�0.02 (5) n.e.c 

W-4 1.36�0.04 (15) 0.10�0.01 (8) -0.40�0.04 (6) n.e.c 
aKXP¥.ZzVĐCš�. b n.d.: not determinable. c n.e.: not evaluated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

É 4� 7%-ĥŹ- log KBr
A� A-: �, ClO4

-; �, NO3
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3-5� ¼ĥŹ-ƫą�Đ{Ƈ 

 

Ƃ 3� I-1	2-GJx�Č (A: ClO4
-; X: Br-) 

m TAAR 
log CClO4 

[ClO4
-] RE 

log K 
g mmol mol L-1 % 

0.100 0.077 -3.24 1.89E-06 18.8 1.85 

0.099 0.077 -3.06 4.16E-06 28.4 1.92 

0.101 0.077 -2.93 8.04E-06 37.3 1.93 

0.101 0.078 -2.84 1.47E-05 46.3 1.93 

0.099 0.077 -2.76 2.64E-05 56.1 1.92 

0.104 0.080 -2.69 3.96E-05 62.4 1.92 

log KX
A: 1.91�0.03 (n = 6) 

 

 

 

Ƃ 4�  I-1	2-GJx�Č (A: NO3
-; X: Br-) 

m TAAR 
log CNO3 

[Br-] [NO3
-] RE 

log K 
g mmol mol L-1 mol L-1 % 

0.0101 0.0077 -4.00 7.88.E-05 2.08.E-05 28.0 0.11 

0.0100 0.0077 -3.70 1.27.E-04 6.77.E-05 45.5 0.12 

0.0101 0.0078 -3.40 1.86.E-04 2.09.E-04 65.7 0.12 

0.0101 0.0077 -3.00 2.50.E-04 7.40.E-04 88.7 0.15 

0.0101 0.0077 -2.70 2.77.E-04 1.72.E-03 98.3 0.13 

log KX
A: 0.13�0.02 (n = 5) 
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Ƃ 5�  I-1	2-GJx�Č (A: Cl-; X: Br-) 

m TAAR 
log CCl 

[Br-] [Cl-] RE 
log K 

g mmol mol L-1 mol L-1 % 

0.010 0.0080 -3.52 9.58.E-05 2.04.E-04 29.9 -0.70 

0.010 0.0078 -3.22 1.31.E-04 4.69.E-04 42.0 -0.69 

0.010 0.0077 -3.00 1.58.E-04 8.43.E-04 51.3 -0.70 

0.011 0.0081 -2.70 2.06.E-04 1.80.E-03 63.6 -0.70 

0.011 0.0081 -2.52 2.29.E-04 2.77.E-03 70.7 -0.70 

0.011 0.0081 -2.22 2.63.E-04 5.74.E-03 81.2 -0.70 

log KX
A: -0.70�0.00 (n = 6) 

 

 

 

 

Ƃ 6�  I-1	2-GJx�Č (A: F-; X: Br-) 

m TAAR 
log CF 

[Br-] [F-] RE 
log K 

g mmol mol L-1 mol L-1 % 

0.010 0.0080 -3.52 2.95.E-05 2.61.E-04 9.2 -1.94 

0.010 0.0080 -3.00 5.13.E-05 8.84.E-04 16.0 -1.96 

0.010 0.0081 -2.52 8.36.E-05 2.82.E-03 25.9 -1.98 

0.010 0.0080 -2.00 1.32.E-04 9.41.E-03 41.2 -2.01 

0.010 0.0081 -1.52 1.80.E-04 2.94.E-02 56.0 -2.11 

0.010 0.0081 -1.52 1.90.E-04 2.98.E-02 59.0 -2.04 

0.010 0.0081 -1.00 2.37.E-04 9.98.E-02 73.5 -2.18 

0.010 0.0081 -0.52 2.77.E-04 3.00.E-01 85.7 -2.26 

log KX
A: -1.93 – 0.30	RE (n = 8) 
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Ƃ 7�  I-3	8-GJx�Č (A: ClO4
-; X: Br-) 

m TAAR 
log CClO4 

[ClO4
-] RE 

log K 
g mmol mol L-1 % 

0.101 0.2754 -2.71 1.08.E-05 17.6 1.58 

0.100 0.2730 -2.61 1.81.E-05 22.2 1.58 

0.100 0.2736 -2.53 2.61.E-05 26.5 1.60 

0.102 0.2805 -2.47 3.52.E-05 30.1 1.62 

0.105 0.2876 -2.41 4.97.E-05 33.5 1.59 

0.101 0.2770 -2.36 6.17.E-05 39.1 1.65 

0.101 0.2766 -2.35 7.42.E-05 39.9 1.60 

0.103 0.2826 -2.30 9.07.E-05 43.3 1.62 

0.099 0.2707 -2.26 1.24.E-04 49.5 1.63 

0.099 0.2705 -2.26 1.21.E-04 49.6 1.64 

0.099 0.2717 -2.19 1.85.E-04 57.9 1.67 

0.101 0.2776 -2.13 3.05.E-04 64.6 1.63 

0.100 0.2842 -2.10 3.54.E-04 67.1 1.64 

0.101 0.2715 -2.07 5.88.E-04 72.6 1.55 

log KX
A: 1.61�0.03 (n = 14) 

 

Ƃ 8�  I-3	8-GJx�Č (A: NO3
-; X: Br-) 

m TAAR 
log CNO3 

[Br-] [NO3
-] RE 

log K 
g mmol mol L-1 mol L-1 % 

0.010 0.0279 -4.00.E+00 9.08.E-05 1.18.E-05 8.1 -0.17 

0.010 0.0281 -3.52.E+00 2.33.E-04 6.25.E-05 20.7 -0.01 

0.010 0.0281 -3.00.E+00 5.28.E-04 4.65.E-04 47.0 0.00 

0.010 0.0281 -2.52.E+00 7.57.E-04 2.22.E-03 67.5 -0.15 

0.010 0.0280 -2.00.E+00 1.01.E-03 8.94.E-03 90.1 0.01 

log KX
A: 0.1�0.1 (n = 5) 
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Ƃ 9�  I-3	8-GJx�Č (A: Cl-; X: Br-) 

m TAAR 
log CCl 

[Br-] [Cl-] ER 
log K 

g mmol mol L-1 mol L-1 % 

0.010 0.0308 -3.32 2.32.E-04 2.48.E-04 18.8 -0.66 

0.010 0.0309 -3.00 3.78.E-04 6.31.E-04 30.6 -0.58 

0.010 0.0311 -2.75 5.11.E-04 1.25.E-03 41.1 -0.55 

0.010 0.0312 -2.52 6.18.E-04 2.37.E-03 49.6 -0.59 

0.010 0.0305 -2.32 6.85.E-04 4.12.E-03 56.1 -0.67 

0.010 0.0311 -2.00 8.82.E-04 9.11.E-03 70.8 -0.63 

0.010 0.0314 -1.80 1.02.E-03 1.50.E-02 81.2 -0.53 

log KX
A: -0.60�0.05 (n = 7) 

 

 

 

Ƃ 10�  I-3	8-GJx�Č (A: F-; X: Br-) 

m TAAR 
log CF 

[Br-] [F-] RE 
log K 

g mmol mol L-1 mol L-1 % 

0.010 0.0278 -3.52 7.88.E-05 2.21.E-04 7.1 -1.57 

0.010 0.0279 -3.00 1.44.E-04 8.56.E-04 12.9 -1.60 

0.010 0.0279 -2.52 2.35.E-04 2.77.E-03 21.1 -1.64 

0.010 0.0279 -2.00 3.90.E-04 9.61.E-03 34.9 -1.66 

0.010 0.0279 -1.52 5.72.E-04 2.94.E-02 51.3 -1.69 

0.010 0.0279 -1.00 7.76.E-04 9.92.E-02 69.4 -1.75 

0.010 0.0278 -0.52 9.08.E-04 2.99.E-01 81.7 -1.87 

log KX
A: -1.55 – 0.34	RE (n = 7) 
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Ƃ 11�  I-3	2-GJx�Č (A: ClO4
-; X: Br-) 

m TAAR 
log CClO4 

[ClO4
-] RE 

log K 
g mmol mol L-1 % 

0.100 0.3151 -2.70 2.18.E-05 15.8 1.24 

0.101 0.3164 -2.52 4.76.E-05 23.5 1.28 

0.104 0.3274 -2.39 8.92.E-05 30.1 1.28 

0.101 0.2948 -2.39 9.95.E-05 34.0 1.32 

0.104 0.3260 -2.30 1.39.E-04 37.6 1.33 

0.103 0.3219 -2.22 1.97.E-04 45.4 1.39 

0.099 0.2909 -2.21 2.76.E-04 50.6 1.34 

0.100 0.2928 -2.09 5.98.E-04 65.0 1.37 

log KX
A: 1.32�0.05 (n = 8) 

 

 

 

 

Ƃ 12�  I-3	2-GJx�Č (A: NO3
-; X: Br-) 

m TAAR 
log CNO3 

[Br-] [NO3
-] RE 

log K 
g mmol mol kg-1 mol kg-1 % 

0.010 0.0316 -4.00 1.06.E-04 1.19.E-05 8.4 -0.09 

0.010 0.0319 -3.70 1.72.E-04 2.84.E-05 13.5 -0.03 

0.010 0.0317 -3.40 3.00.E-04 9.50.E-05 23.6 -0.01 

0.010 0.0318 -3.00 5.50.E-04 4.34.E-04 43.3 -0.02 

0.010 0.0319 -2.70 7.71.E-04 1.21.E-03 60.5 -0.01 

0.010 0.0318 -2.40 9.54.E-04 3.02.E-03 75.0 -0.02 

log KX
A: -0.03�0.03 (n = 6) 
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Ƃ 13�  I-3	2-GJx�Č (A: Cl-; X: Br-) 

m TAAR 
log CCl 

[Br-] [Cl-] RE 
log K 

g mmol mol L-1 mol L-1 % 

0.010 0.0320 -3.52 2.07.E-04 9.44.E-05 16.2 -0.37 

0.010 0.0312 -3.00 4.43.E-04 5.60.E-04 35.5 -0.36 

0.010 0.0310 -2.52 7.24.E-04 2.29.E-03 58.4 -0.35 

0.010 0.0306 -2.00 9.82.E-04 9.06.E-03 80.2 -0.36 

log KX
A: -0.53�0.04 (n = 4) 

 

 

 

 

 

 

Ƃ 14�  I-3	2-GJx�Č (A: Cl-; X: Br-) 

m TAAR 
log CF 

[Br-] [F-] RE 
log K 

g mmol mol L-1 mol L-1 % 

0.0101 0.0318 -3.52 1.59.E-04 1.47.E-04 12.5 -0.81 

0.0101 0.0319 -3.00 3.06.E-04 6.93.E-04 24.0 -0.86 

0.0099 0.0314 -2.52 4.79.E-04 2.48.E-03 38.1 -0.92 

0.0101 0.0319 -2.00 7.28.E-04 9.36.E-03 56.9 -0.99 

0.0100 0.0316 -1.52 9.24.E-04 2.94.E-02 73.1 -1.07 

log KX
A: -0.75 – 0.43	RE (n = 5) 
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Ƃ 15�  II-2	8-GJx�Č (A: ClO4
-; X: Br-) 

m TAAR 
log CClO4 

[ClO4
-] RE 

log K 
g mmol mol L-1 % 

0.101 0.2192 -2.99 2.95.E-06 11.8 1.67 

0.101 0.2209 -2.81 6.69.E-06 17.5 1.69 

0.101 0.2205 -2.68 1.36.E-05 23.3 1.66 

0.099 0.2158 -2.59 2.45.E-05 29.7 1.64 

0.101 0.2194 -2.51 3.62.E-05 34.9 1.66 

0.105 0.2293 -2.38 7.37.E-05 44.3 1.64 

0.099 0.2159 -2.29 1.51.E-04 58.1 1.66 

0.103 0.2255 -2.21 2.33.E-04 66.2 1.70 

0.102 0.2219 -2.14 3.84.E-04 77.2 1.78 

log KX
A: 1.68�0.03 (n = 9) 

 

 

 

Ƃ 16�  II-2	8-GJx�Č (A: NO3
-; X: Br-) 

m TAAR 
log CNO3 

[Cl-] [NO3
-] RE 

log K 
g mmol mol L-1 mol L-1 % 

0.030 0.0766 -3.23 5.60.E-04 3.21.E-05 18.3 0.59 

0.029 0.0759 -3.05 8.01.E-04 7.88.E-05 26.4 0.56 

0.032 0.0821 -2.93 1.03.E-03 1.35.E-04 31.4 0.54 

0.030 0.0764 -2.53 1.89.E-03 9.29.E-04 61.8 0.52 

0.031 0.0798 -2.31 2.45.E-03 2.36.E-03 76.7 0.53 

0.030 0.0781 -2.23 2.58.E-03 3.29.E-03 82.5 0.57 

0.031 0.0788 -2.11 2.74.E-03 5.05.E-03 87.0 0.56 

log KX
A: 0.55�0.02 (n = 7) 

 

 



 45 

Ƃ 17�  II-2	8-GJx�Č (A: Br-; X: Cl-) 

m TAAR 
log CBr 

[Cl-] [Br-] RE 
log K 

g mmol mol L-1 mol L-1 % 

0.030 0.0762 -3.23 5.53.E-04 4.29.E-05 17.8 0.45 

0.030 0.0776 -3.06 8.00.E-04 7.97.E-05 25.7 0.54 

0.030 0.0786 -3.01 8.72.E-04 9.68.E-05 27.9 0.54 

0.031 0.0805 -2.53 2.01.E-03 8.89.E-04 63.2 0.58 

0.029 0.0756 -2.31 2.42.E-03 2.50.E-03 78.4 0.58 

0.030 0.0779 -2.17 2.59.E-03 3.98.E-03 91.3 0.54 

0.030 0.0769 -2.06 2.68.E-03 6.05.E-03 88.6 0.49 

log KX
A: 0.53�0.04 (n = 7) 

 

 

 

Ƃ 18�  II-2	8-GJx�Č (A: F-; X: Br-) 

m TAAR 
log CF 

[Br-] [F-] RE 
log K 

g mmol mol L-1 mol L-1 % 

0.011 0.0247 -3.31 1.39.E-04 3.53.E-04 14.1 -1.19 

0.011 0.0241 -3.01 1.90.E-04 7.94.E-04 19.8 -1.23 

0.010 0.0227 -2.53 3.47.E-04 2.61.E-03 38.3 -1.08 

0.010 0.0219 -2.23 3.84.E-04 5.52.E-03 43.7 -1.27 

0.011 0.0247 -2.01 5.06.E-04 9.34.E-03 51.3 -1.24 

0.009 0.0204 -1.53 5.97.E-04 2.89.E-02 73.3 -1.25 

0.011 0.0235 -1.23 7.52.E-04 5.83.E-02 80.1 -1.28 

log KX
A: -1.2�0.1 (n = 7) 
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Ƃ 19�  W-2-GJx�Č (A: NO3
-; X: Br-) 

m TAAR 
log CNO3 

[Br-] [NO3
-] RE 

log K 
g mmol mol L-1 mol L-1 % 

0.0503 0.1016 -2.10 2.78E-03 5.67E-03 80.3 0.30 

0.0507 0.1024 -2.16 3.67E-03 4.77E-03 72.5 0.31 

0.0499 0.1008 -2.22 4.45E-03 3.83E-03 62.1 0.28 

0.0505 0.1020 -2.30 5.52E-03 3.13E-03 55.8 0.35 

log KX
A: 0.31�0.03 (n = 4) 

 

 

 

 

Ƃ 20�  W-2-GJx�Č (A: Cl-; X: Br-) 

m TAAR 
log CCl 

[Br-] [Cl-] RE 
log K 

g mmol mol L-1 mol L-1 % 

0.0498 0.1006 -2.11 1.24E-03 6.24E-03 65.7 -0.42 

0.0500 0.1010 -2.16 1.94E-03 5.81E-03 47.4 -0.52 

0.0498 0.1006 -2.23 2.89E-03 5.07E-03 39.1 -0.44 

0.0498 0.1006 -2.31 3.76E-03 4.28E-03 30.4 -0.42 

0.0499 0.1008 -2.41 4.69E-03 3.46E-03 23.1 -0.39 

log KX
A: -0.44�0.05 (n = 5) 
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Ƃ 21�  W-3-GJx�Č (A: NO3
-; X: Br-) 

m TAAR 
log CNO3 

[Br-] [NO3
-] RE 

log K 
g mmol mol L-1 mol L-1 % 

0.0357 0.0989 -2.10 1.46E-03 4.69E-03 84.4 0.22 

0.0363 0.1006 -2.16 2.15E-03 4.03E-03 75.6 0.22 

0.0357 0.0989 -2.22 2.80E-03 3.36E-03 66.3 0.22 

0.0355 0.0983 -2.30 4.15E-03 2.25E-03 45.9 0.19 

0.0361 0.1000 -2.40 4.81E-03 1.67E-03 35.3 0.20 

0.0356 0.0986 -2.52 5.50E-03 1.13E-03 23.9 0.18 

log KX
A: 0.21�0.02 (n = 6) 

 

 

 

Ƃ 22�  W-3-GJx�Č (A: Cl-; X: Br-) 

m TAAR 
log CCl 

[Br-] [Cl-] RE 
log K 

g mmol mol L-1 mol L-1 % 

0.0355 0.0983 -2.23 1.85E-03 4.20E-03 42.2 -0.49 

0.0362 0.1003 -2.16 1.25E-03 4.57E-03 55.2 -0.47 

0.0356 0.0986 -2.11 7.49E-04 5.11E-03 67.3 -0.52 

0.0357 0.0989 -2.53 4.01E-03 2.31E-03 16.2 -0.48 

0.0354 0.0981 -2.41 3.25E-03 3.02E-03 23.3 -0.49 

log KX
A: -0.49�0.02 (n = 5) 
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Ƃ 23�  W-4-GJx�Č (A: ClO4
-; X: Br-) 

m TAAR 
log CClO4 

[ClO4
-] RE 

log K 
g mmol mol L-1 % 

0.030 0.107 -3.13 2.61.E-05 13.4 1.41 

0.028 0.102 -3.01 4.16.E-05 18.5 1.40 

0.029 0.105 -2.91 5.23.E-05 22.4 1.39 

0.031 0.110 -2.83 6.13.E-05 25.8 1.37 

0.029 0.105 -2.76 8.81.E-05 31.2 1.35 

0.032 0.115 -2.71 8.67.E-05 32.8 1.34 

0.030 0.106 -2.65 1.24.E-04 39.4 1.35 

0.030 0.107 -2.61 1.53.E-04 43.2 1.32 

0.031 0.112 -2.53 1.84.E-04 49.5 1.32 

0.029 0.106 -2.49 2.56.E-04 55.6 1.31 

0.030 0.108 -2.46 2.82.E-04 58.5 1.31 

0.029 0.105 -2.43 3.64.E-04 63.7 1.30 

0.029 0.106 -2.35 5.09.E-04 73.9 1.34 

0.030 0.107 -2.31 6.18.E-04 80.2 1.40 

0.030 0.108 -2.27 8.05.E-04 85.5 1.42 

log KX
A: 1.36�0.04 (n = 15) 
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Ƃ 24�  W-4-GJx�Č (A: NO3
-; X: Br-) 

m TAAR 
log CNO3 

[Br-] [NO3
-] RE 

log K 
g mmol mol L-1 mol L-1 % 

0.099 0.3576 -1.95 1.27E-02 6.37E-03 12.5 0.11 

0.100 0.3594 -1.65 1.09E-02 1.28E-02 23.9 0.10 

0.100 0.3596 -1.47 9.44E-03 1.97E-02 35.2 0.10 

0.102 0.3676 -1.35 8.05E-03 2.58E-02 45.9 0.11 

0.106 0.3821 -1.25 1.07E-02 3.19E-02 54.8 0.09 

0.099 0.3569 -1.17 4.98E-03 3.97E-02 65.3 0.10 

0.105 0.3796 -1.10 4.04E-03 4.64E-02 74.5 0.10 

0.101 0.3620 -1.05 2.55E-03 5.41E-02 83.1 0.09 

log KX
A: 0.10�0.01 (n = 8) 

 

 

 

Ƃ 25�  W-4-GJx�Č (A: Cl-; X: Br-) 

m TAAR 
log CCl 

[Br-] [Cl-] RE 
log K 

g mmol mol L-1 mol L-1 % 

0.029 0.1048 -2.84 2.41E-04 4.34E-03 85 -0.44 

0.030 0.1090 -2.82 4.30E-04 3.42E-03 79.4 -0.32 

0.031 0.1105 -2.81 7.11E-04 3.41E-03 69.5 -0.38 

0.030 0.1071 -2.83 1.38E-03 3.00E-03 49.7 -0.41 

0.031 0.1103 -2.81 1.24E-03 2.05E-03 42.8 -0.4 

0.029 0.1058 -2.83 3.60E-03 1.40E-03 17.1 -0.42 

log KX
A: -0.40�0.04 (n = 6) 
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Ń 4Ł ODSKhC<�ī��¯Ĳî�đ(
�9čÁKgXni³)Ú�%Ēī 

 

4-1 ŎŤ 

� BEOSKiKhi�(ODS)KhC*ůĲĕ�EkaTFg[>n(RP-HPLC))¯ÄĲ%�#

ř�
ųČ<Ŵ�#��[1,2]�ſį�ā) ODS<ī
9 RP-HPLC$*�ŀŉ'&)]Rk ¿

<Ā�9¶³äĀċ�§Ĥ$ZnE)Ĕĝ5RnhlF�ş7:��) ­* ODS KhCu(

čÁ�9KgXni%)Ĳy�ī(ÐÍ�:����$KgXni)ÙƇ<¬Ÿ�9ıİ$�T

hcPiKhi(TMS)³(69AlUDeQZlF(EC)�ĩ5=iDi³Ê��)^nMKhC

)ģİŕď�ĩ�9�%$�Ĩ±$* RP-HPLC (69�Ƅ%
�šġ�7ÅŪİ(«Ɖ)'


ODS KhC��ë¤œ(' #
9[3-6]����'�7��)6�' ODS KhCu(4�Ģ%

�#KgXni*čÁ�#
8��ï�ö)ö�İ'vĚ(Ø� #*�)ÆsƎODSĲ)ďŉ

Ō§UVnä%=EN\OnäƏ<őè�.�%�:[7]�CP/MAS-29Si NMR5 IR'&(6 #

äŪ�ĥà"��:#
9[3,6,8]� 

� oø�KhC- ODS5 TMS�ƍÔ(Ê��:96�('9%�ď<»�¨2Ļ�Ĳ<ī
9

RP-HPLC$*Jl\i)�ïüƀ�ĘÌ��8��ïüƀ)�Ĩä�~q��8�9�%�´ª

�:���) ­*��Ƌ�:�KhCŊÀ�7Ļ�Ĳ�ì����3$	9�%�û7�(�

:�Ļ�Ĳ<ŊÀ�Ź(����9�3(�Œ°<ƍ��9mKhCŊÀÛ<¼���9m�Ƌ

ÇÔ<q�9mž
=iDi³$¯ÄĲ<�Ƌ�9mŠďä)Ãœ³<Ê��9'&)Ċ�'É

âń�óć�:#
9[9-15]� 

� �)6�' RP-HPLC )ųČ%tś�#�ŧ÷u)½ƃĤ)Ɓ¡5ıİĤŪ)Ğŏ'&)��

ĩ%�#)¯Ĳî�(SPE)(4 ODS KhC��ī�:96�(' #��[16,17]�	9ļÔ)K

gXni<č��%)chQT�ðõ�:!!4�HPLC )�3(ÿŵ��:�AlUDeQ\

�ĩ)ù�:� ODS KhC�ÅƂ(*ī
7:#
9�pŮ)ğ:<Ķ��9�3(�=NT

WThi5AOXni'&)ď%Ė�9ĀċĜ¾(68�¯Ĳ<v3IlS>KfWlF��Ü

(�ƄĞŏ�ś;:9[16]��)6�'øđ$*�ĀċĜ¾�łwİ(�ï�:#Jl\i)�

ï<×39m[knň$¼ż)ŧ÷ďĜĕ<�ĩ�9Ƃ(*IlS>KfWlF(ī
�ĀċĜ

¾�Ý�(Ĝ��#¯Ĳ)Ħç�º��#ğ:ä����9'&)ġ�éã�:9��) SPE$

)�ÂĽ)�ï(!
#*�ź(69�%��ó%' #
9�3(³ķİ'ĵĿ*Ì'
��

® 1 )6�(�=NPi=NTl(Hacac)(!
#* Freundlich ²�[@VlTkhl(phen)(!


#* Langmuir²)©ĳ(Þ�%)´ª�	 �[18,19]� 
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® 1 ODSKhC-) Hacac(Î, [18])% phen(¥, [19]))�ïñ� 

Î®: [Hacac]ad/ 10-4 mol ggel
-1 (�); �źÄö D/ cm3 ggel

-1 (�). ¥®: pH 3.0 (�); pH 4.0 (	). 

 

� 0��ŭÒ$* ODS KhC<Ĝ¾î�đ$ī
9ĀċĜ¾)zþ%�#ī
9ĵĿ�´ª�

:#
9��:0$�ŽÍ?Bl)�ƄmĞŏđ(Ā�'øđ%�#Ĝ¾î�đ�Ó��ī�:

[20]�ú(»�)ŧŚ%Ĝ¾)ŋ1§;�(69î�ň)äœ�Ĉť�:#
8�ıİ(â�#

ŷ.9ĦĐ(	9%�(�ý'9ŷíä<ıð�ĵĿ4'�:#
9�0��Ńx)Ĳ%�#o

Řİ(ī
7:9ĀċĜ¾�Ī·(¢/�åÙƇ<őè�#��:(z;9î�¾�%�#?B

lĕ�[21-24]�ūŖĬē�[25]'&�Ĉť�:#����)u$�:0$ŽÍ?Bl�Ą)��

ĩđ%�#�ī�:[17]�68ņ�(xĲ<�Ƅ$�9 ODSKhC(DjnTŧŚ<Ĥĩİ(�

ï���¾�<ī
9ŽÍ?Bl)¯Ĳî��´ª�:#��[26, 27]����'�7�Ĩüġ$

o�xÕź}¿$	9 β-LGTl<ī
9´ª��'��ŧŚŗ�)�ź(!
#*�0.5 mol L-1 

(�mol dm-3)%�'8Ğ�'TiAlĜĕ�7)�ïż(TTA )µ§( 0.19�BFA )µ§( 0.095 

mol kg-1)�û7�(�:#
9��$	9��:��ź(69)�%�:+�ŽÍ)î�)Ƃ(

ďĜĕ%òţ�9�%$ŧŚ�ďĲ(�ź�9�3�ÅƂ) ODS Ĳ)ĞÔ*ĘÌ�#î�(r

�(' #
9%væ�:9���:7)ġ*á��4��(û7�(�:#
'
� 

� ăĵĿ$*�oű)ĉä
6,ƅĉä)Āċ�§Ĥ)ďĲ�7»Ċ' ODS KhC-)¯Ĳî

�<ÑŜ
6,ŰÔũİ(ŢĄ��^nMKhC)ŊÀÛmODS³)Ê�øđ%ÇÔmAlUD

eQ\�ĩ)ÙƇ<ňōİ(Ĉť�9�%$�čÁKgXni)ą��Ú�<Äżİ(û7�(

���0��ŽÍ?Bl) SPE(
�9Ĵş<¸5��3(�β-LGTl%*Į'8ŔĜä)ƍ


î�ŧŚ(!
#�)ëđ<ŵī�����İ(*�x��Õź}¿$	8�ú(Ĝ¾î�)

äœ�´ª�:#
9 N,N’-di(4-chlorophenol-2-ylmethyl)-N,N’-di(pyridine-2-ylmethyl)ethane-1,2- 

diamine (H2L�ď/Ekk_ibƀ)�źÄöƑ105.12)<ī
#x�ŶĻŽÍ?Bl)î�<ś �

[28-31]��)Ōą�ŧŚŗ�)�ï(čÁKgXni�ŻŞ'��<�#
8�ODS KhC�

SPE)ŃxĲ%�#Ā�$	9�%<û7�(��� 
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4-2  Åƌ 

4-2-1  ODSKhC 

� ŊÀÛ(50, 75, 100, 150, 300 Å)mĎŝƆľ(S0 = 80 ~ 680 m2 g-1)mŇ¿Û(40 – 50, 75 – 180 µm)) 

÷KhCHi<ī
#�8ĽƊ) ODS<ú´[32](� #§ê�9��È¹KhK=�ÂĆÖ|

Ĺ(§ê<�ƈ���ODSKhC)ĭĺ*�Å�}$ŝ��ŊÀÛ)Ü(�Ƌøđ(P: `hch

QE�Ƌ, M: dXchQE�Ƌ, E: AlUDeQ\�ĩ)<ė�#ĸ��Ɛ50P, 50PE, 50M, 75P, 

100P, 150P, 300P, 300M��:7) ODSKhC
6,�áŞ(â�#�ŊÀÛ 50 Å) ÷KhC

(50S)(!
#��)ĥä<Ŧ���� 

� ThEkkBEOSKiKgl(C18H37SiCl3)<ī
9`hchQE�Ƌ)µ§�Ă£â) Cl*

OH(Őô�:#[C18H37Si(OH)2]-³(Ġŉö CN = 18, �¿ż MW = 315 g mol-1)�KgXni)ď

ŉ%Ő�ô;9%ő�9�oø�LcPiBEOSKiEkkKgl(C18H37(CH3)2SiCl)<ī
9

dXchQE�Ƌ)µ§�[C18H37Si(CH3)2]-³(CN = 20, MW = 311 g mol-1)�Ê��:9�0��T

hcPiEkkKgl((CH3)3SiCl)<ī
#AlUDeQ\�ĩ�9%�[(CH3)3Si]-³(Ġŉö= 3, 

�¿ż = 73 g mol-1)�KgXni)ďŉ%Ő�ô;9���$�^nM)KhCHi 1 gØ�8

(Ê��:9 ODS³)ĤŪż< MDODS (mol g-1)��)Ü) EC�ĩ(6 #Ê��:9 TMS³

)ĤŪż< MDTMS (mol g-1)%�9%�Ê�Ü) ODSKhC)Ūż wi (i = ODS or EC)%�Ġŉ¨

Āħ CCi*�:�:(1, 3)Ö%(2, 4)Ö$ŝ�:9� 

 

!!"#  =  1 +  MD!"# ×  (MW − 1)                                               (1) 

CC!"# =
MD!"# × CN ×12

!!"#
                                                             2  

!!" =  1 +  MD!"# × MW − 1 +  MD!"#   ×  73 − 1         (3) 

CC!"  =  MD!"# × CN × 12 +MD!"# × 3 × 12
!!"

                        4  

 

��� #��ŉ�Ą$ß7:9 CCi�7(2)Ö%(4)Ö<ī
# MDODS% MDTMS<�:�:Ņ�

$�9�ODSKhC 1 gØ�8) ODSÊ�ż MD’ODS(mol kg-1)%AlUDeQ\�ĩ�� ODS

KhC 1 gØ�8) TMSÊ�ż MD’TMS(mol kg-1) *�:�:(5)Ö%(6)Ö$Ņ�$�9� 

 

MD′!"#  = MD!"# 
!!"#

 =  CC!"# 
CN ×12                                                      5  

MD′!"#  = MD!"# 
!!"

                                                                           6  

�  

� oø�ODSKhC)ŝƆľ Si (m2 g-1)* ÷ĎŝƆľ S0%ĎŬ�#Ö(7)0�*(8)$s�7:9
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�0$ĘÌ�9� 

 

!!"#  =  !!
!!"#

                                                  7  

!!"  =  !!!!"
                                                       8  

�:7<ī
#�ODS KhCu) ODS 
6, TMS )ŝƆ�ƋÇÔ SDODS (µmol m-2)% SDTMS 

(µmol m-2)*Ö(9)
6,(10)$Ņ�$�9� 

 

SD!"#  =  MD′!"#!!"#
×1000               (9) 

SD!"#  =  MD′!"#!!"
×1000               (10) 

 

�:7)YgcnO(CCi, Si, MD’ODS, MD’TMS, SDODS)<ŝ 1(ĸ��� 

� ¦ ODS KhC< 25��ĲÉěÔ 50 %$xŲƀ{p(ę #ÑŜ����Ü��)¨ďż

W(mmol g-1)<Cnim[>QKenđ$ĚÄ���ď)ŝƆĞÔ SDW (µmol m-2)*(11)Ö(³"


#Ņ���ŨÏ�±0.1 µmol m-2('9�%�7�ËöġŃo}0$<Ā�%�#ŝ 1(ĸ��� 

SD!  =  !!!
×1000                         (11) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
55 

�
1   O

D
S
�
�
�
	


	

 

A
bbreviation 

 
C

C
i  

 
S

i  
 

M
D

’O
D

S a 
 

SD
O

D
S a 

 
SD

w
b 

 
SD

O
D

S + SD
w  

 
 

/m
2 g

-1 
 

/m
ol kg

-1 
 

/µm
ol m

-2 
 

/µm
ol m

-2 
 

/µm
ol m

-2 

50S 
 

0 
 

680 
 

0 
 

0 
 

10.6 
 

10.6 

50P 
 

0.143 
 

539 
 

0.66 
 

1.23 
 

3.5 
 

4.7 

75P 
 

0.204 
 

387 
 

0.94 
 

2.44 
 

4.3 
 

6.7 

100P 
 

0.176 
 

204 
 

0.81 
 

4.00 
 

4.6 
 

8.6 

150P 
 

0.137 
 

117 
 

0.63 
 

5.42 
 

5.1 
 

10.5 

300P 
 

0.100 
 

67 
 

0.46 
 

6.95 
 

5.8 
 

12.7 

50M
 

 
0.183 

 
519 

 
0.76 

 
1.47 

 
5.1 

 
6.6 

300M
 

 
0.061 

 
79 

 
0.25 

 
3.21 

 
5.4 

 
8.6 

50PE
c 

 
0.168 

 
501 

 
0.62 

 
1.23 

 
1.1 

 
4.3

d 

Particle size/µm
 : 40 ~ 50 (50S, 50P, 50PE, 50M

); 75 ~ 180 µm
 (75P, 100P, 150P, 300P, 300M

, 100PE) 

i = O
D

S or EC
    n. d.: no data�

 
a)

�
�
�

: 
�

0.02 , b)

�
�
�

: 
�

0.1, c)M
D

’TM
S  = 0.97 m

ol kg
-1, SD

TM
S  = 1.94 µm

ol m
-2, d)SD

O
D

S  + SD
TM

S  + SD
w . 
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4-2-2  ŗŉ 

� ODSE]>$ıĹğ"Ŗ{#%�ſý×óÿ��ē ��VaIa(bz) O^<a(tl)�ý×ó

ÿ��ē ��S]Fa(py) :HK^:HOa(Hacac)$}âã�8üŔ���+��óÿ��

ē$ž³
1&Ĭxğ"Ŏ¤��*�ÎƁ8Ŗ{�4�.#��īĴ��ēĽ ���2,2’-RS

]Fa(bpy) 2,6-^KFa(lu)��ŰĴ��ēĽ �� 1,2-E@`U?DaF=a(chd) E@`U

?DPa(chx)�3-WaJPa(pt)�&F@``:HOa(dca)#���/}âã�8üŔ��� 

� ŲÂ;=a$§ĠÞ�#%�Neves 2$îă[33]#Ñ���Ü���īĴ°ÉŮv³��4

N,N’-di(4-chlorophenol-2-ylmethyl)-N,N’-di(pyridine-2-ylmethyl)ethane-1,2-diamine (H2L, �Ů¹ì

(CHCl3/ H2O): 105.12)8ě���H2L%ĞĂ×�ſÅ#Ɖ��.O^<a#čő�� ODSE]>'

$}âQ\ZcJ8Ŗ{���+�āš$�.#īĴ�³ìbņƆęì$ĝ"4dŦ$�īĴ�

�ē 2,2’:6,2”-terpyridine (tpy), 2,2’-bipyridine (bpy), pyridine (py)#���/O^<aĠ�2ODSE

]>'$}â8Ŗ{��� 

� Ĕ#í3�"�Ź3�ŗŉ%Ĕĳ8�Ă%ŠĲĂ8ě��� 

 

 

4-2-3  ĆĠ�2 ODSE]>'$ŗŉ$}â 

� �6�6"ďÈ(CR/mol L-1 = 0.001 – 0.3)$óÿ��ē8�-Ă+�%O^<aĠ(V/mL = 5) 

d¹ű(m/g = 0.05 or 0.5)$ ODSE]>+�%E]>C^ 8 25��ä ���ÇŌ�ũÐ$ĂĠ

i$ŗŉďÈ([R]/mol L-1)8ĵ¯�Ő ��Èă#1��Ċ¹���ODS E]>�&E]>C^

'$}âű[R]s,obsd (mol kg-1)%(12)Ê#13į��� ġĮĉĺ8yÜ��� 

 

[R]!,!"#$  =  ! × (!! −  [R])
!                                (12) 

 

� ODSE]>'$��ē$}â��ĞĂ×Ġmyě#14�Ů E\Pc^ª'$ ġ#14¬

��ĘŚğ" ODSE]>'$}âű[R]s, cald (mol kg-1)%�(13)Ê�ĥ�54�ŮƂ (14)Ê�ĥ�

54 Langmuir¨$ ġƂ$¢ ���(15)Ê#1��ō�54� 

 

!([R])  =  !!×[R]                                                  (13) 

ℎ([R])  =  !!"!!"#[R]1 + !!"[R]
                                         (14) 

[R]!,!"#$  =  !([R])  +  ℎ([R])                             (15) 
 

����Kd (kg-1 L)%óÿ��ē$ĂĠ�2 ODSE]>'$�Ů¹ì�Kad (mol-1 L)% ġ¹ì�

Amax (mol kg-1)%Ƅ¢ ġű8ō�����ē#����(16)Ê�ō�54[R]s, obsd  [R]s, cald $
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Ä$lj¢ U1�òÀ#"41�#��52$¹ì8òū���� 

 

!!  =  ([R]!,!"#$ − [R]!,!"#$)!                (16) 

 

� "
�(13)Ê�ĥ��Ů¹ì�%�§Ġi$ďÈ%ªõE]>8�-�vŞűÍ�3$��ē

$ēŞű "���4�ºż#ŤĠ ��ÿŁ�4 ODS Ġi$ďÈ#ª���#çį�4�.

#�(17)Ê�ō�54 ODSE]>i$ ODSª(X]Z]L@:C18H37, MW = 253 g/mol; [PZ]L

@: C20H43, MW = 283 g/mol)$Şű�Ė rODS(wt/wt)� Kd8����Ů¹ì Kd’ (mol kg-1) ((18)Ê)8

pf$śŚ�%ě�4� 

 

!!"#  =  MD!"# × MW
1000                  (17) 

 

!!′ =  !!!!"#
                                         (18) 

 

dî� ġƂ#ŷ�4Q\ZcJ%Ā¶E\Pc^#ŷ|�4$���$++8śŚ#ě�4� 

 

4-2-4  �īĴ°ÉŮv³8ßâ�� ODSE]>#14l{ŬĦŲÂ;=a$§ĠÞ� 

� 0.08 mol kg-1$H2L8ßâ�� 50P 0.4 g 1.0×10-4 mol L-1$l{ŬĦŲÂ;=a(M2+: Co2+, Ni2+, 

Cu2+, Zn2+)�0.01 mol L-1$Ļŋ�([P@``ůŰ or good’s buffer)�0.05 mol L-1$ Na2SO48�-

ĂĠ 20 mL8�#ä ���eĎ,čĆi$ŲÂ;=aďÈ8�³ ��Èă(AAS)�Ċ¹��� 

� �$«¡[29]8�Ŀ#���žň$i¢ Ův$Ƅ¢8�ð#Č��ųx ML 8ĚÜ�4(19)

 d�$T`Oa�őŽ�"��ĚÜ�4Ż;=a×$ųxMHL+ čĆi$ź;=a A- $;

=a¾ ���Ů�4(20)$ÇŌ�ŷh�4 kÙ�54� 

 

M!! + (H!L)! ⇄ (ML)! + 2H!� � � (19) 
 

M!! + (H!L)! ⇄ (MHL!,A!)! + H!� � � (20) 
 

���Ĉ	µ s % ODS Ġi$�¸Ĩ��4� 8ĥ��(19)$�Ö#¾�4Þ�¹ì Kex%(21)

Ê�¹ľ�
4� 
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!!"  =  [ML]![H
!]!

[M!!][H!L]!
� � � (21) 

 

ďÈ CM (mol L-1)$l{ŲÂ;=a8�9�ĂĠ v (L)8ďÈ CL (mol kg-1)$?_cOŗŉ8}â�

� ODSE]> m (kg)  �Ö���¬���$ēŞ�ë%Ê(22)
1&(23)$1�#ō�54� 

 

!!  =  [H!L]! + [ML]!� � � (22) 

!!  =  [M!!] +!! [ML]!� � � (23) 

 

ôºƈörf�%�ODSi$?_cOŗŉ$ēŞű(32 µmol)%�ŲÂ;=a$ēŞű(2 µmol) 

āš��±Ũ���4� �
1&Ă $Ŷ$�Ů¹ì�ý.�±
�� �2�Ċ¹���(

�$ pHİ¥�ŗŉ$ĂĠ'$�Ů�ĒŐ�
4$��[H2L]s = CL ţu�4� ��
4��

$ 
�Þ�Ė%E%�(24)Ê�ō�54� 

 

%! =  !!" × !!
!!" × !! +!! [H!]!

� � � (24) 

 

�5�5$ŲÂ;=a$Þ�#
���(24)Ê�ō�54%Eobsd  %E cald $Ä$lj¢ U2�ò

À#"41�#��52$¹ì8òū���� 

 

!!  =  (%!!"#$ −%!!"#$)!                (25) 
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4-3  ĸù Ŀ½ 

4-3-1  ODSE]>$ĔÔ 

� dń# ODSª%t&�ĕÛ� 20 ÅħÈ$ŵ���4�.#�¿�#ě�4E]>C^#%Ķ

´Ï� 100 Åpe$/$�ě�25�
��ôĢĪ�%�13Ķ´Ï$À�� 50
1& 75 Å$

E]>C^#���/ ODS ª$¿�8ŗ,���$ĸù��Į$örf���52$E]>C

^#/ºż# ODS8¿��4� ��
�Ɗō 1Ƌ����"�2��$~ƅ¼È%�"3w��

+�dń#ŦŴ�Ö$�.#X]Z]L@$î�°�¿��54ƊôĢĪ�/�Ķ´Ï� 300 Å

�ĤŘƋ$#¾���Ķ´Ï� 50 Å �%[PZ]L@$î�-�6°�¿��5�đ�ĔÔğ

��4�50
1& 75 Å$E]>C^$¬��Ķ´ćŭ+� ODSª8¿��4� ��
�Ķ´

�ŭ#13°�$E\Pc^�Ā¶���4� �
1&X]Z]L@~ƅ�8ě��/ŦŴ%

) 9!ş����"�� 8ĥ£���4� 

� dń#E]>C^ōƀ$E\Pc^ª$¼È% 8 µmol m-2[34] �5��4�Ġ¾ċÈ 50%�

Ċ¹��E]>C^ōƀ$Ă$ēŞű(/µmol m-2: 10.0 for 75S, 9.5 for 100S, 10.8 for 150S, 10.6 for 

300S) %Ķ´Ï#z2� 10 – 12 µmol m-2 )*d¹��
3�E\Pc^ªÍ�3 1 – 2 �$Ă

�³� ġ���4�[PZ]L@~ƅ ODS �%�:^?^ª$~ƅ¼È Ă$ōƀďÈ$¢

� 7
1& 9 µmol m-2  E\Pc^ª$¼È#¾Ö��
3�ODS#1��·Ĭ��25�E

\Pc^# 1 �³$Ă�Ġmyě���4 Ŀ	254�X]Z]L@~ƅ ODS E]>�Ķ´

Ï� 75 
1& 100 Å $¬�#/��$�%E\Pc^ª¼È#ţ��8ĥ��$#¾���Ķ

´Ï� 150
1& 300 Å$¬�#%±
�� "���Ðŀ�%ŦŴ�Ö�13ŧŊ��E\P

c^ª8ąŝ�4� "� ODS ª�¿��54 �#Ă¢�Ł"E\Pc^ª$ű/­	��

. Ŀ	254�dî�Ķ´Ï�À�� �œ$�%E\Pc^ª$ōƀ¼È13À��"4�

������ 
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4-3-2  ĂĠ�2 ODSE]>'$ŗŉ$}âã� 

� py 8Ă�2 50P  50PE U}â���ż#�ĂĠi#Ā¶�4 py ďÈ$ķð®�8¦ 2 #ĥ

��50PE%Ă $Ƈú,�Ø�Ą���+��.��x8Ɖť�éà�4� #1�� ODSE

]> Ă8Ì�ğ#æŒ����ĂĠi$ pyďÈ�d¹�#ũ�4$#Ŏ��ðŶ%�50PE�

15 ��50P � 5 ������50PE $¬�$î��®�ű�Á"�#/��72��ÇŌ#ũ�

4$#ŵ�ðŶ8ÕŎ ����5% 50PE$ĞĂ×�Ɖ��  ĭ����4[9-15]� 

 

 

 

 

 

 

 

 

 

 

 

 

¦ 2  � ODSE]>' py8}â���ż$ĂĠi$ pyďÈ®�    

�ďÈ: 5 × 10-3 mol L-1; ĂĠxĩ: 10 mL; ODSE]>Şű: 1 g; ODSE]>: 50P (	), 50PE (�). 

 

� dŦ$��ē$�Ĩ ODS E]>'$}â#ŷ�4 ġĮĉĺ8yÜ��oōğ"/$8¦ƍ

#�Ā38¦ 4–7#ĥ��+��őø#1��Ò25��Ů¹ì Kd (kg-1 L)� ġ¹ì Kad (mol-1 L)�

Ƅ¢ ġű Amax (mol kg-1)8ō 2 #ĥ���52$¹ì8ě��œį��}âű8ĥ�ºĺ((15)

Ê)%���5$ı�/ºĊ�8Ņ��ė���4�bz$¬��50S'%}â�5"�$#¾���

50P'%�Ů$,#1��}â�5��dî�py$¬��50S'% ġ#1��$,}â�54

$#¾���50P #%�Ů  ġ#1��}â�5��+���6�6"ör� py 8}â��

50P8Đ�Ð��&Ă �#ä ���ĂĠ'$ŤÞ�8Ŋ���ĂĠ#Ý�� pyďÈ#¾���

ODS Ġ#Ā¶�4 py $ďÈ8į���¦ 8 #ĥ����52$NcJ%�ºĺ�ĥ�eŕ$ 

ġĮĉĺ(¦ 2(e)) )*dŃ���4�ŤÞ�$ĸù% ġĮĉĺ13/ŇÆeî#vļ���

4���5%Ŗ{$�.$êyŨħ�Óű$ ODS E]>�è²��� #Ĝ÷�4�dî� 

ġ�}â�5� py%g�Ťğ#§¹�5��Ů�}â�5� py�����Ů�4 q¹��œ

įñĺƊģĺƋ�2%óÚ#Ž5����������HPLC $J;YGBc^�%Sc@ą²

0Mc]aA"!$ėŜ �� łġ�Ö$g�Ť×�ŏ254�[3-6]�§ĠÞ�$J;YGB

c^�% łġ�Ö%�Ť�����50PE '$}âÿþ%���5$��ē�/ 50P  ���

0 
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�����}âű%�"3wf���50P, 50PEp¯$ ODSE]>�/�ſý×��ē%�Ů#

1��$,�ý×��ē% ġ �Ů#1��}â�5�(ō 2)� 

� ¦ 1�ĥ���$«¡[18,19]�%�ODSE]>'$��ē$}â8 ġ ��å	�āšğw

ďÈ(Hacac: ~ 0.04 mol L-1, phen: ~ 0.006 mol L-1)�$}âã�#����Hacac�%nŢ,ďÈ$®

�#s�}âã�$®�8 Freundlich¨$°Ã ġ ��phen�%+�Ƅ¢#ũ���"� ġ

Įĉĺ8 Langmuir ¨$�Ã ġ ���4�ôĢĪ�%�ODS E]>'$��ē$}âã�8

ƉďÈƃ©+�áË��řû�4� ��ODSĠ'$�Ů E\Pc^ª'$ ġ$ 2�$Ġm

yě�}â#»h�4� 8ï2�#��� 

� ō 2$}âQ\ZcJ#¾���ODSE]>$Ķ´Ï$ÎƁ%ŏ25"����1��pŸ%

}âQ\ZcJ#¾�4 ODS ~ƅ¼È SDODS$ÎƁ#���üŔ��~ƅîă#14Q\Zc

J$Ū�8āš��� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¦ 3  bz (a,b,c)
1& py (d,e,f)$ 50S (a,d), 50P (b,e), 50PE (c,f)'$ ġĮĉĺ   

ºĺ: �Ůƌ ġ((15)Ê); đĺ: �Ů((13)Ê), ģĺ: Langmuir ġ((14)Ê).  
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¦ 4  ĂĠ�2� ODSE]>'$ bz$}â 

ODSE]>: (a) 50M, (b) 75P, (c) 100P, (d) 150P, (e) 300P, (f) 300M.  đĺ: �Ů((13)Ê).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¦ 5  ĂĠ�2� ODSE]>'$ tl$}â 

ODSE]>: (a) 50P, (b) 75P, (c) 100P, (d) 150P, (e) 300P.  đĺ: �Ů((13)Ê).  
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¦ 6  ĂĠ�2� ODSE]>U$ py$}â 

ODSE]>: (a) 50M, (b) 75P, (c) 100P, (d) 150P, (e) 300P, (f) 300M.  ºĺ: �Ůƌ ġ((15)Ê); đ

ĺ: �Ů((13)Ê), ģĺ: Langmuir ġ((14)Ê).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¦ 7  ĂĠ�2� ODSE]>'$ Hacac$}â   

ODSE]>: (a) 50P, (b) 50PE, (c) 75P, (d) 150P, (e) 300P, (f) 300M.  ºĺ: �Ůƌ ġ((15)Ê); đ

ĺ: �Ů((13)Ê), ģĺ: Langmuir ġ((14)Ê).  
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¦ 8  50P�2ĂĠ'$ py$ŤÞ��  

ºĺ: ¦ 2(e)$ ġĮĉĺ; ģĺ:  ġ�g�Ť��4 q¹��ż$ĘŚñĺ. 
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(
2  
"
$
�
�
�

O
D

S


�
�
�
�
�
!
�
�
#
�
�
�


�
�
�
�

 

A
bbreviation 

R
eagents 

bz 
 

tl 
 

py 
 

H
acac 

log K
d  

log K
d ’ 

 
log K

d  
log K

d ’ 
 

log K
d  

log K
d ’ 

A
m

ax  
log K

ad  
 

log K
d  

log K
d ’ 

A
m

ax  
log K

ad  

50S 
n. s. 

n.s. 
 

n.m
. 

n.m
. 

 
- 

- 
1.02(1) 

0.66(2) 
 

n.m
. 

n.m
. 

n.m
. 

n.m
. 

50P 
2.38(4) 

3.16(4) 
 

3.06(3) 
3.84(3) 

 
0.79(2) 

1.57(2) 
0.54(2) 

2.17(6) 
 

0.44(1) 
1.22(1) 

0.42(3) 
1.93(2) 

75P 
2.20(5) 

2.82(5) 
 

2.83(3) 
3.45(3) 

 
0.49(7) 

1.11(7) 
0.44(1) 

2.40(3) 
 

0.42(1) 
1.04(1) 

0.26(1) 
2.05(2) 

100P 
2.14(2) 

2.83(2) 
 

2.64(1) 
3.33(1) 

 
0.15(3) 

0.84(3) 
0.21(1) 

2.60(3) 
 

n.m
. 

n.m
. 

n.m
. 

n.m
. 

150P 
1.70(5) 

2.49(5) 
 

2.38(3) 
3.17(3) 

 
-0.3(1) 

0.4(1) 
0.07(1) 

2.59(1) 
 

-0.11(1) 
0.68(1) 

0.02(0) 
2.55(6) 

300P 
1.46(5) 

2.39(5) 
 

2.11(3) 
3.04(3) 

 
-0.85(5) 

0.08(5) 
0.02(0) 

2.89(4) 
 

-0.71(2) 
0.22(2) 

0.01(0) 
2.70(3) 

50M
 

2.50(2) 
3.17(2) 

 
n.m

. 
n.m

. 
 

0.50(5) 
1.17(5) 

0.56(2) 
1.90(5) 

 
n.m

. 
n.m

. 
n.m

. 
n.m

. 

300M
 

1.73(1) 
2.87(1) 

 
n.m

. 
n.m

. 
 

-0.25(3) 
0.89(3) 

0.03(0) 
2.58(2) 

 
-0.28(3) 

0.86(3) 
0.01(0) 

2.94(5) 

50PE 
2.39(2) 

3.20(2) 
 

n.m
. 

n. m
. 

 
-0.03(5) 

0.78(5) 
0.10(1) 

2.41(2) 
 

0.07(1) 
0.88(1) 

0.03(1) 
2.61(7) 

K
d : 
�
*
�
�

 /kg
-1 L; A

m
ax : 
,
�
�
%
+

/m
ol kg

-1; K
ad : 
�
%
�
�

/m
ol -1 L; 

�
�
	
�
�
�
'
 
�
)
�
�
&
�

.  

n.s.: negligibly sm
all, n.m

.: not m
easured. 
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4-3-2.1  dlglTI�ư ODSNlG*ŬƪØä*êƫ 

� ¾ 9(ň�8
(	ODSÂ*ŬƪØä*È¤%�(	��<*ĐĞ¨³Ĵ* log Kd’ 6łŜŀ

(ĪÜ��
Ɔ�Ŝ+Ě)âũ$	tl% bz*�ĳ*�*ß(0.64)+	w¨³Ĵ*Ĥ–`HMpƝ*

�ƖÔă*ß(Δlog Kd,ow = 2.97 – 2.24 = 0.73)%´Ŋä$�:	ODSNlG* ODSƕ�+Ɗá*Đ

ĞĭÏ%´Ĝ*òſ?ň��
��� #	ŬƪØä*È¤(�
�ƖÔă*�t+	ãż$Ƈ

0�8
' ODS Â*È¤%Nk[qmÂ*ĪÜ(8 #ŗÑ×ƕ*ĿĤò�È¤�#Ĥĭĩ$

İ<Ƨ�':	Õƣ(�ƖŃ%�#Ğš�; ODS*£³(�t	 ļĹ)�ĪÜ���5(	�Ɩ

Ôă*��ů��sÛ��' �%ş�9<;[7-9]
�( py* 50P/*�ü$ 100 %* ODS�

Ğš�#�;%�Ô�;%	300P$+ 3 %* ODS���Ɩ( ļ�<#�'��%(';
Õ

ƣ(	HPLCļdp_$ 80 kgf cm-2(¤À�# 300P? pyĭĩ%%6(þ%
�;%	âūĶõ

*ĤŃ* pyįä� 0.08 mol L-1*ċ(	300P/*�üƙ� 0.267 mol kg-1%	áÀ$*�üƙ(0.033 

mol kg-1)8:6 8�ŊäÌ��' �
8 #	Ø( ODSÂ?Ú��� ODSNlG+áÀ$+

Ġ&İ<#�9�	ĤŃ�9*�Ɩ7·ń�ƀ�9'�%ş�9<;
 

 

 

 

 

 

 

 

 

 

 

 

¾ 9� ĐĞ¨³Ĵ* log Kd'% ODSØä*ƞ�   

ĐĞ¨³Ĵ: bz (	), tl (�), py (�), Hacac (�). Closed: 50M and 300M; half closed: 50PE, open: the 

others. 
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� rĆ	ĤŃ�9dlglTI ODSNlG/*�ü(��; py% Hacac*Ư¹·ńƙ�8-·

ńÔă*Ùă�(Ù�;ŬƪØä*êƫ?¾ 10 (ň�
��<*¨³Ĵ*Ä³$6	ŬƪØä

*ÈÌ(� #·ńMCW$�;Nk[qmÂ�Ī;�5(	Ư¹·ńƙ Amax+ĪÜ��
2�	

SDw?Nk[qmÂ*Øä%�Ô�;%	Nk[qmÂ(Ù�;Ư¹·ńƙ*£³+ďÌ$ 30%

Ŋä$�:	�*·ń�ªÞ·ń$�;�%?Ăü�;
Ù�#	Nk[qmÂ%ĐĞ¨³Ĵ*

ÓšÂ%*Ɲ*ĤŖř³*è�Ť�+ ODS Øä*È¤(Ĳƞ�2�+Ŏ�ŀ'Ů¼?şö�<

,4�=u %yó�<;(6û9�	log Kad+È¤��
�<+	ODSŬƪØä�È¤�;(

ƍ<#ĐĞ¨³Ĵ*ĐĞƲĖƕ�% ODS %*ĿĤòŃ|�ļ�è2;�%?ň�#�;
¾

10(a)(+ 50S*řĕ6ĝƃ 0%�#ň�#�;
Ư¹·ńƙ+ďÌ$�;rĆ	·ńÔă+Û�

�	Ư¹·ń(Ə�;(+ ODSNlG*Ä³%ģƄ�# 20 - 200�*Ƴ�įä�ïŮ%';
 

� Õƣ*�üƙ*Ŭƪįä(Ù�;�Òò+	3 !*]kgqR�<�<(�Ò�;�5(ŭƥ

$�;�	}»Ęŵ��Œ½×$+ ODSØä� 1 µmol m-2Ŋä* 50P�ďÌ%' �
 

 

 

 

 

 

 

 

 

 

 

 

 

 

¾ 10  py(a)% Hacac(b)* Amax
 2�+ log Kad % ODS�ưØä*ƞ� 

 Amax (�); log Kad (	). Closed: 50M and 300M; half closed: 50PE, open: the others. 

 

4-3-2.2  h[glTI�ư ODSNlG%EpXHiT_�Ļ ODSNlG 

� ¾ 9�8- 10x(	h[glTI�ư�� ODSNlG*řĕ?Å:!.�*eqI$	Ep

XHiT_�Ļ�� ODS NlG*řĕ?©Å:*eqI$ň��
'�	EpXHiT_�Ļ

ODS NlG(!�#*VqR6	ĝƃ(+ ODS ŬƪØä?¯ �
�ƖÔă(!�#+	h[

glTI�ư ODSNlG6dlglTI�ư ODSNlG*Ä³*ƞ�(8�rť�	�ưĆĦ

(+�9'��%�ĉ9�%' �
rĆ	Ư¹·ńƙ+	�Øä(50M)$+dlglTI*Ä

³%´Ŋä$� ��	ƳØä(300M)$+Ńƞƞ�8:6Ü'� �
dlglTI�ư$+ƍ
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Ɯ®ð*�5(	ODSÂ*Ú�*ƣ(ï��6Nk[qmÂ�Ĩž�;ïŮ�'�ġÒ�;*(

Ù�#	h[glTI�ư$+łÿŀ(Nk[qmÂ�ĪÜ�;�5%źĉ�<;
·ńÔă+

dlglTI*Ä³* ODSØä%*ƞ�(Ě)rť��
�  

� 50PE/* Kd’+ 50P/*�%ģ0#	py $ 1/7Ŋä$� �
�<+	EC�Ļ(8 #	ODS

* ļĹ�ĪÜ�;�5$�;
�(	ĝƃ( TMS *�ư?¤��Ä³	AmHmÂ*�ưƙ

SDalkyl = SDTMS + SDODS = 3.17 mmol m-2%';
�*ċ	50PE(��; py, Hacac* log Kd’+Ɔ�

łŜ(Ɔ"��
AmHmƜ*Ņ� TMS $6 ļĹ*ĪÜ�ŲĬ�<��%�9	ŗÑ×*İ

<ò*�t(+	Nk[qmÂ*ĪÜ(8;űĤò*�t*×v�Ì��%ş�9<;
·ńƬ

(ƞ�#	50PE$* Amax'9-( log Kad*�? 50P$*�%ģƄ�;%	Amax+ py*Ä³(+

1/5	Hacac*Ä³(+ 1/14(�t��
Ù�#	log Kad+ 50P8:6Ì��' #�:	TMS

Â?Ú���Ä³$6 ODSÂ?Ø(�ư��Ä³%´Ĝ*¥ĕ�ŲĬ�<�
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4-3-2.3  ~*ęòĐĞ¨³Ĵ*�ü 

� ~*ęò¨³Ĵ(lu, bpy, chd, chx, pt, dca)* 50P/*·ńŐīŜ?¾ 11(	�*�ü]kgqR

?Ŭ 3(ň�
 

� lu $+ py %ģƄ�#	��<*Ôă6Ì��' �
gSmÂ(8 #ĿĤò�8-ÆÂò

�È¤���5%ş�9<	FmW�/*ŞĀÂÚ�(8;Ŏ�ŀ'ÎÖ+'�%ş�9<;(Ŭ

3)
bpy+ py8:ĿĤò�Ƴ�	�ƖÔă+Ì��' �
Ư¹·ńƙ+´Ŋä$�;*(Ù�

#	·ńÔă+ py%ģ0#Ŕ 10�Ì��' �
�*�5	Ƹ!*ōŖ¬Ð� 1!*Nk[q

m%Ń|�ļ�#	è��ü�<#�;%ş�9<;
 

� ¶ƗŖ¨³Ĵ*·ńÔă$+	KWpƮ(pt, chx)*Ć�Ùð�;OKWpƮ(Hacac, chd)8:6

Ì��' �
GmcZmÂ*ƨÐ·çò(8 #	OKWpƮ$+|�*ƗŖ¬Ð*ƨÐØä

?�t����5%ş�9<;
ƨÐ·çÂ$�; ClÂ?Ú��� dca$+ƗŖ¬Ð*ƨÐØä

��9(�t���5(	·ńƬ+ĲŰ$�;1&Û��' �(Ŭ 3)
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¾ 11  ĤŃ�9 50P/*~*ęòĐĞ¨³Ĵ*�ü 

ĐĞ¨³Ĵ: (a) lu, (b) bpy, (c) chd, (d) chx, (e) pt, (f) dca.  ÕŜ: �Ɩƶ·ń((15)æ); ıŜ: �Ɩ

((13)æ), ņŜ: Langmuir·ń((14)æ).  
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Ŭ 3   ĤŃ�9 50P/*~*ęòĐĞ¨³Ĵ*�ü]kgqR 

Reagent log Kd log Kd’ Amax log Kad pKa [35] 

py 0.79(2) 1.57(2) 0.54(2) 2.17(6) 5.24 

lu 0.93(2) 1.71(2) 0.74(2) 2.76(5) 6.93 

bpy 1.62(1) 2.40(1) 0.56(1) 3.30(1) 4.43 

Reagent log Kd log Kd’ Amax log Kad Charge (O)a 

Hacac 0.44(1) 1.22(1) 0.42(3) 1.93(2) -0.553 

pt 0.91(1) 1.69(1) 0.35(3) 2.61(1) -0.564 

dca 0.48(2) 1.26(2) n.s. n.s. -0.479 

chx 0.66(1) 1.44(1) 0.46(1) 2.38(2) -0.554 

chd 0.54(2) 1.32(2) 0.63(3) 1.83(2) -0.515 

GTL×+ďŘė*Źß?ň�.  n.s.: negligibly small 
a Calculated by Gaussian 09[36]; job type: optimization; method: ground state, HF, default spin; basic set: 

3-21G.  
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4-3-4  WmEpŃ�9 ODSNlG/* H2Clbbpen*�üý¦ 

� N,N’-di(4-chlorophenol-2-ylmethyl)-N,N’-di(pyridine-2-ylmethyl)ethane-1,2-diamine (H2L)*xò pH

*ĤŃ/*ĭų+ŇŸ$��	�*ŷŨ+Ĥ(Ù�;ĭųä�ę5#���%�>� �
�*

ı+	Õƣ(¿Ńù�?ũ
ƣ(ŷŨ�ĤŃ�/ĭ��(��ı$Đ $�;rĆ	ODSNlG

(y5�ü��;�5(Ĥĭĩ?ļ��Ä³	ę5#Ëƙ*ĭĩ?ļ�;ïŮ��;
�<?Ɣ

�;�5(	ŷŨ?ģƄŀŦ�ĭų�;WmEpƴĭųä 0.05 mol L-1ŊäƵ?ļ�#�ü��;

�%%��
 

� 50P%àŽº$�; Chromatorex C18 MB100-75/200 (100PE, CCi: 0.173)?H2L*WmEpĭĩ(

ħĮ��#þ%
�	WmEpŃ*įäÉ¨?ƈƁ��%�=	50P$+	ħĮìƷċƝ$Ĉ(

�':ĪÜ�	�<�Ɵ+É¨�'� �*(Ù�#	100PE$+Đô'É¨�ŲĬ�<'� 

�(¾ 12)
8 #	WmEp�9 ODSNlG/�*ŷŨ?�ü��;Ä³	ġÒNk[qm%*

ĤŖř³�ƘŮ'ë£?ĕ��#�;%ş�9<;
 

 

 

 

 

 

 

 

 

 

 

 

 

¾ 12  ² ODSNlG/ H2L?�ü���ƣ*WmEpŃx* H2LįäÉ¨    

�įä: 0.02 mol L-1; ĤŃ�Ō: 10 mL; ODSNlGſƙ: 1 g; ODSNlG: 50P (�), 100PE (�). 

 

� ��$	�2�2' H2Lįä*WmEpĭĩ%þ%
�	ŷŨ*·ńƙ%WmEpŃx*�į

ä CH2L(mol L-1)%*ƞ�?¾ 13(a)(ň��
0.01 mol L-1?Ç(§Ɩ�Ì��É¨�#�:	�<

�t*įä$+�ü*¥Ĺ�Ƴ��%���;
¾ 13(b)(ň�·ńŐīŜ6	ģƄŀ�įä$ñ

(È¤�;*(Ù�#	Ƴįä$+ŝ7�(È¤�Ś��
��$(15)æ?ļ�# 3 !*]kg

qR?ďƑ¨�	²�ü]kgqR?Ŭ 4(ň��
�*�?ļ��ŴőČŜ+ÕĬ�?8��

ĺ�#�:	ĩŃ�WmEp*Ä³$6ŷŨ*�ü(·ń%�Ɩ*Ƹ!�ķŎ(×v�;�%�

ĉ9�%' �
¾ 13(b)x(+�<�<*×v6ň�#�;�	·ń(8;×v+ƎƦįä�

0.005 mol L-1ƴđÕƱĒ�t$+�įä 0.001 mol L-1Ƶ$Ĉ(Ư¹�	�<8:Ƴįä$+ Kd?

[H
2L

]/m
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®Ċ�#WmEpŃ%´Ŋä*ŷŨ� ODSNlG(�Ɩ�;�%$�üƙ�È¤�#�;
 

� 100PE *Ä³(+	EpXHiT_�Ļ(8 #Nk[qm�1%@&ÒÁ�'��5(·ń

Ƭ*×v�ĲŰ$�;1&Û��	��ŀ'Ôă*ĥÔ+ũ #�'��	�Ɩ(8;�ü*3

$+¾ 12*8
(ĤŃx* H2Lįä(Đô'É¨�ů9<'� �%ş�9<;
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¾ 13� WmEpŃ�9 50P/* H2L*�ü 

(a) [H2L] vs CH2L; (b) H2L*·ńŐīŜ. 

 

� WmEpŃ�9* H2L*·ń(Ù�;ōŖ¬Ð*×v(!�#	ľ';ă(n = 1–3)*ōŖ?¶

4rƍ*¨³Ĵ(!�#·ńŐīŜ?�÷�#Ęŵ��(¾ 14 (a-d))
�#*¨³Ĵ*·ńŐīŜ

�·ń%�Ɩ*×v?ň��*$	(15)æ(Â"�#]kgqR?ďƑ¨��ƴŬ 4Ƶ
�<9*

¨³Ĵ* log Kd
’+ 0.6 ~ 1.0*�?ň�	ODSŃ*ŷŨįä[R]ODS%WmEpŃ*ŷŨįä[R]tolene

*ģ+ 4 ~ 10%' �
rĆ	log Kad + 1.9~2.1*�?ň�	ōŖ¬Ðă� 1–3*Œ½$+Ì�

'Ɛ�+'� �
8 #�<9*¨³Ĵ*WmEpŃ�9*·ń(+	ōŖ¬Ðă(89�	

Ʒ!*ōŖ¬Ð�·ń(×v�#�;%ş�9<;
rĆ$	Amax+¨³Ĵ*ěƌ�ŭƥ(';

(í #	ĪÜ�;�µ�ů9<�
¶Đ�;ōŖ¬Ð�Ʒ!$�; py% qu?ģƄ�;%	py

(Ù�# qu $+ Amax�©�(ĪÜ�#�:	apQÂ(8;Ŏ�ŀ'ƤÖ(8 #Nk[qm

Â%*Ń|�ļ�ÎÖ�<;%ş�9<;
~*¶ōŖ¨³Ĵ(!�#6ŭă*ōŖ�Ń|�ļ

�;�%+'�	4�=Ŏ�ŀ'¡Ŕ(8:Ư¹·ńƙ*ĪÜ?ç�ƀ��#�;
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¾ 14  ľ';ă*ōŖ?Đ�;ĐĞ¨³Ĵ* 50P/*�ü 

(a) tpy, (b) bpy, (c) py, (d) qu. 

 

Ŭ 4  WmEpŃ�9 50P/*¶ōŖ¨³Ĵ*�ü]kgqR 

 n log Kd log Kd’ Amax log Kad 

H2L 4 0.18(1) 0.96(1) 0.07(1) 3.0(1) 

tpy 3 -0.15(4) 0.63(4) 0.16(1) 2.08(5) 

bpy 2 -0.15(5) 0.63(5) 0.17(1) 1.9(1) 

py 1 0.09(5) 0.86(5) 0.45(1) 1.97(5) 

qu 1 -0.04(5) 0.74(5) 0.28(1) 1.9(1) 

GTL×+ďŘė*Źß?ň�. 
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� ;E5F��- 50P%V���� py� bpy"V�?CBG:(¯ 4)����- 50P%V���

�À"V�?CBG:(¯ 3)��º�/��Z�"X����-V����lc,.*t�� �

���! bpy"f�p�#��-V�����!# py"f�p�,.*m���2�"¢¦bo

"rJ�±-0/"!s���;E5F�-V���/� py �"w#±-0 �����0#

�n�	/;E5F� ODS�!s��³h}�Ã
�)! ODS�A\½���·�"¤L�¸

��
/�)�µ���/� 

�0!s�� H2L�# log Kad"X� 2.92�O"e¢¦ac�!�&� 10W xm�
�H2L

#¢¦bo"O!<=G���"rJ�©�-0/@4>GE1­¹"Â�!e2�
/��@

4>GE" 50P%"V�#�²��/'�t�
�)�H2LK"@4>GE#f�!rJ� 


�©�-0/�,���e¢¦ac��� ��¬ª�"¢¦1e(���
,$°�"¢¦b

o1f�!]���
/��������©�-0/��0!s���Amax"�u#�H�"a

c��°�"83;��NS��/���
,$I�»&�£R� ^¥+;E5F�"¤L�

©�-0/� 

 

4-3-5  H2Clbbpen�� ODS9D71�
�MT¼�¾v36F"j�~[ 

� MT¼�¾v36F(Mn2+, Co2+, Ni2+, Cu2+, Zn2+)" 50P%"~[�%E� pH"¿U1i 15!�

��Z�"¾v36F�	/ pHQI� 100%~[�0��H���~[�§"{�#¾v36F

"¡Á!,��� .�Mn2+, Co2+, Zn2+"lc!#|�	/"!s���Ni2+, Cu2+"lc#�º

�¨+��	����
�36Fzx¶�_#� /(SPE: Na2SO4, LLE: NaClO4 or NaNO3)���

0-"�`#Y!kg�0�
/�n~["lc�q·�!d��	.(i 16, [29])��"´®"

lc�* ODS ������d��«1������-��"P��! .�/����-�!

 ��� 

 

 

 

 

 

 

 

 

 

 

 

i 15� H2L�� 50P!,/MT¼�¾v36F"j�~[ 

¾v36F: Mn2+(�), Co2+(�), Ni2+(	), Cu2+(�), Zn2+(�).� �§: ~[�§((24)y) 

0 

20 

40 

60 

80 

100 

1 2 3 4 5 6 7 8 

%
E

 

pH 



 75 

 

� 16 H2L&36kvĦõī¯=@c'à¤¾�[29] 

ī¯=@c: Mn2+(�), Ni2+(�), Cu2+(	), Zn2+(�) 

Üñ: [M2+] = 1.0�10-4 mol L-1; NaClO4 or NaNO3 = 0.1 mol L-1; buffer. 

Î×ñ: [H2L] = 0.01 mol L-1 

 

(24)µ:ë�! Mn2+, Co2+, Zn2+'¾�Êă&¬�!V<LM<cD:Ď�! Kex:Íĥ���

#�8	©ĺāÒ:ċ£&�é"��(log Kex: -2.6(1) (Co2+); -3.74(5) (Zn2+); -9.52(4) (Mn2+))
��

��!	�74'ī¯=@c(µ(3)&¹�!i¼Ĭt#�!�ñ*¾��76�#�9���


Ęčá³� 10-2 mol L-1"'ÞÞ¾�(LLE)'��#ÛĞ�6#�ñ¾�"(ODSi'á³��3

� 0.08 mol kg-1#eÔ,$ļ��0&¾�Êă(�t& 1ö³s pH|&HVO�!�6�ĽpH1/2: 

Zn2+'��	�ñ¾�" 3.3, ÞÞ¾�" 4.4ĿMn2+'��	�ñ¾�" 6.1, ÞÞ¾�" 7.0ľ�7

4'ī¯=@c'�¾� pH'°(	�ñ¾�" 2.8	à¤¾�" 2.6#©ěï&��"�6�#

%$�4	ħ½¼1���!�%�
©ı&ÚtH_A:Į�� ODS (16.7 %)#CbbX`Z[29]

&�-76 H2Lá³(�7�7	[H2L]SPE = 0.479 mol kg-1#[H2L]LLE = 0.0068 mol kg-1"�5	¾

�¨Ä�û��#p¨�6#(26)µ35	�¾� pH '°�pH1/2( 0.92 #©ı' pH HVO#�

ö³"�5	©ěï% ODSñ(�%5á�%Î×ñ#�û"�6�#�9���
 

 

∆pH!/!  =  12 log [H!L]!"#[H!L]!!"
� � � (26) 

 

eÆ	Ni2+, Cu2+'3
&ĩÿ�¥35øÿ�¥'Ĩr:£/ÛĞï294��ī¯=@c'à

¤¾�"(	øÿ�¥&36¶�Ĩr&36Ø'�0&e 'V>Sd`�Ĩr"��İ=@c

¼'Ĭt#%5	àÞi&§��6į=@c�¬=@c#%�!¾��Ĝ�6
�74'ī¯=

@c'��	ë�6ÃÀĲĖě'÷ķ&3�!¾�¼�Č�����6�#����7!�6

[29]
Ïü"(	=@c¶³'ĚÅ&ë�!�6 Na2SO4ìÐ' HSO4
-�6�(ĄďÞ#�!ë�

� ClCH2COO-�¬=@c#ą�476�	ðï�4 76'"�7of'²ĐĖÑ%$(Ď9%
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���
 

 

4-4� -#0 

  ±×"'TLKÂu&36Î×��å'�ñ¾�Ý'¤t#�!	¡Ö% ODS H_A'¼ć

:ėv��
ĳÕ¼��å(�Ĩ'.&3�!xÀ�7�'&¬�!	Õ¼��å'��(Ù§

H^Sd`�*'�ò1ªh�!�5	�ñ¾�Ý'J=ZIEd`"(xÀ(�ġ"���


\S[_LCyĹ�Y_[_LCyĹ�&3�!ö³'°(�61''	ODS'đĴ«³���

�6&Ĥ7!	H^Sd`�(ß®�6�	�7&q�!Ā¦�'â7¼�sg�!©ı&×ć

�6 ODS ñ'�ëè�ß®�6�0&	�Ĩ¨Ä'{(ß®��
ĸ��òĪ1ß®�6eÆ

"	Î×ĻÓ#'îÜ¼ñluë�¶-6�0&	�ò¨Ä(����
Ă��6#	Ģ±±×

"ë�6 SPE"( ODS«³'��&q
 ODS�ëè'sg�ĶČ&đ76�0&	�6ö³H

^Sd`�'Ù�!�6 ODS H_A'Æ�	�ĉò�ÛĞïğģ� �ġ"	FcN<H]R

cDä�&ļ� ODS �ëè:óx"�	Ë&�ò'ªh&3�!xÀĪ����6ã"}7!

�6�#�È4�#%��
 

� -�	Ĉà¼'BadOĘč:O`?c�4 ODS H_A*xÀ��6��&(	O`?c�

àě#új�6�0&�Ĩ¨Ä(�%5­��%5	�'¸ĵ:��!�ò¨Ä1­��%6�	

�øÿ��å(Ü�4xÀ�����#�Ö&�þ%�Ĩ&��!	H^Sd`�*'�ò&3

�!xÀ�76
H^Sd`�#'ñluë&3�!	ÛĞïsá³'O`?càÞ�4"1	

ļá³' ODSñ:º6�#�"��
kv�´'BadOĘč:¿À�� ODSH_A&36k

vĦõī¯=@c' SPE "(	ODS H_A(Î×ñ'nÌå�!×ć�	¾�ü'ħ½¼(�

û"���
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Ì 5É Y���¦ 
 

5-1 Í_��±�%(B8-β-74=J�eh�ð¾ 

� Ì 2É��/8;HW�r�+¼��� ØB8-β-74=J�eh H2hdfob+t���	

���eh�U^æÇì�.0J�´��e�����Cu2++ç�¿��e��	L¡��

10 ~ 20 %� pH�]�����e#Ù³�)�	�)� H2hdfob
CI=JÚó�Og�Ý

Õ�(�"�Ó�&)((pKa: 5.04)	!�Yy¼��/8;HW�r����¥®ø©�/

8;HÐt+���"�ê$~}��������eh�j°fÚ
S��)(	 

� ��%��xö+yè�(��+À¿����4=J÷�7/8;H��Ñtr�+g

¼��B8-β-74=J�eh�t�+�ª�(	��t�±��b�/8;HW�r��

u­�¨Ê�Ò�}+ç�
sÔ��Q�,H2Hîï+��(���ì�.0J�.0

Jo����(ç���¾º#§���(	!��¥®ø©�/8;HÐt�%��fÚ

�¤�Ðt+�������ê$~}���	¢� acetophenone� diethyl sebacate�Ñtr

�� NaH+~}���¼�(��� ØB8-β-74=Jmt¸�t���i���(	�

)+�eh��(�{÷ì�.0J�´��e������e� pH�]��(��+Åß

���(	Y����B8-β-74=Jmt¸�����Ò�}$,H2Hîï�å�
�

e�q ��õ����«Û+Ö�	 

 

5-2 »�R��ë�f�µÑ���(ô/J>2D:C ODS6G1��ÔÜ^ 

� Ì 4É���A:9±�%��¬�¥®mt¸� ODS6G1��`��pÎ�fé�¯

�6F@KH}��vÂ� 2 ��\¼�%(��+£&	����|�¼�(zÁ�e�

�����6F@KH+¯�� ODS 6G1
¥¼��(��+�ª��	�� ODS 6G

1��)��5J<-6E?J3+Ö*����¥®´���ËT+yè��(M��¶

)�
ù�Ï�d	&°
�
(��
�����ä²ãR�`�Ô
ZN�(��
�

����g·
§���(	 

� ��Ã×+á!���Y���Ý����¼ÄÈ+�ð����	c[¿���»�$

X[�P�(�õ
xö��)��(¯½âÕ$nÕw+�à�����ò� SPE �1K

=G:7���¼��Ý�+ä²��ò� ODS6G1��`�Ô��m$�mt¸�µÑ

k¹+Ü^�(	 
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5-3 ì�í[� ODS6G1��`��l�Ü^ 

� H2Clbbpen �%(U^æÇì�.0J�zÁ�e�´��e�u­��l+Æ����

	&�ì�í[�`�� ODSÁ��pÎ�fé�%(�Ó�&)(	L¡��R�í[�

Co(acac)3+ 50P �`����ò��fé�
���6F@KH��vÂ#�P�(��+

¾×���(	!��190Jí[��( Fe(bpy)3
2++ 50P�`����ò�� 1 ~ 2a�

CI=J�Úó+Åß���'�ì�í[�#6F@KH��ÁV\¼
Ó�&)(	�

)&�ì�í[�ñ���6F@KH}��vÂ$�.0JW�+Ó���`��ÞÏ+

«Û�(	 
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;,HB�J 
 

(1) ? 2> 

�NMR: JEOL, JEOL-ECX400P (400 MHz). 

�FT-IR: JASSO, FT/ IR 4100. 

�pH��	�: Thermo, ELP-037. 

�ICP=� � 5HB: ����N*.7, SPS1700, R, V, VR. 

�MALDI-TOF-MS: Bruker Daltnics, Autoflex 3 smart beam. 

 

(2) ? 3> 

�FT-IR: JASSO, FT/IR 460 Plus. 

��@ 5HB: Elementar, Vario EL cube. 

�HPLC���: JASSO, PU-980. 

������
�: JASSO, CO-965. 

�N9�-06�': 4&N., Shodex CD-5. 

����
�: ������������, Chromatocorder 21J. 

�����2���: 4&N., Shodex IC NI-424. 

�N�/K: DKK, IOL-40. 

�#<N8: DKK, 4400(. 

����N8: TOA DKK, GST-5311C. 

�pH��	�: TOA, HM-30S. 

 

(3) ? 4> 

��@ 5HB: Elementar Vario, EL cube. 

�1M: ;,HB: �E!+, CA-100. 

�A)$I ��0K: Shimadzu, UV-1800. 

�HPLC���: Shimadzu, LC-6A. 

�"*%��0K: HITACHI, Z-2310.  
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“Liquid-Liquid extraction of divalent transition metal ion with a novel bis-β-ketoester extraction 

reagent” Satoshi Ohmuro, Hiromasa Kishi, Nobutoshi Yoshihara, Hisao Kokusen, Talanta 128 

(2014) 102. 

 

 

� 3� 

“Perchlorate Selectivity of Anion Exchange Resins as Evaluated Using Ion-Selective Electrodes” 

Kenji Yamamoto, Shin’ya Mitsuda, Naomi Ohtake, Natsuki Murashige, Satoshi Ohmuro, Akio 

Yuchi, Anal. Sci., in press. 

 

 

� 4� 

“Enhanced Retention of Chelating Reagent in Octadecylsilyl Silica Phase by Interaction with 

Residual Silanol Group in Solid Phase Extraction of Divalent Metal Ions” Satoshi Ohmuro, Kan 

Fujii, Takashi Yasui, Kazutake Takada, Akio Yuchi, Hisao Kokusen, Anal. Sci. 32 (2016) 343. 

 

“Effects of Residual Silanol in Solid Phase Extraction of Organic Compounds to ODS Silica” 

Satoshi Ohmuro, Ryo Ishizaki, Masashi Tsukamoto, Shizuka Nasu, Takashi Yasui, Kazutake Takada, 

Akio Yuchi, under submission. 
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“Synthesis of a Metal Ion Adsorption from Banana Fibers and Its Adsorption Properties for Rare 

Metal Ions” Tetsuto Kajiyama, Shohei Sakai, Jun Inoue, Toru Yoshino, Satoshi Ohmuro, Kensuke 

Arai, Hisao Kokusen, J. Ion Exchange 27 (2016) 57. 
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