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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 
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3 

4 
5 

6 
7 
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10 

11 
12 

13 
14 
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2-2-2  H2hdfob  

0.1 mol L-1 H2hdfob 0.1 mol L-1 NaOH

5 pH pH 18 mmol L-1 NaOH

0.1 mol L-1 H2hdfob 0.01 µL

Ka H2hdfob 2 	-

Ka Kd ×

[18,19]  

a mol L-1 × b mol L-1

Kd Ka  

 

!! + 1
!!

=  ! − !! [H!] (1) 

 

(1)  

 

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

 (2) 

 

H2hdfob 2 	- a = 2 [H2hdfob] b

[H+]  

 log bobsd (2) log bcald U

 

 

U =  (log ! !"#$ − log !!"#$)!                (3) 
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2-2-3  H2hdfob × 

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

0.01 mol L-1 Good’s Buffer (pH 3-7) 20 mL 0.01 mol L-1 

H2hdfob 20 mL 20  

pH pH ICP-AES

1 mol L-1 HCl ×  

[H2L] = 0.01 mol L-1 [M2+] = 1.0 10-4 mol L-1

NaClO4  

 

2-2-4  H2hdfob  

0.01 mol L-1 H2hdfob 0.2 mol L-1 ( )

MALDI-TOF-MS
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2-3  

2-3-1  H2hdfob  

1 1H-NMR, 13C-NMR, FT-IR H2hdfob 1H-NMR

2 � 3.75

4.28 1 (3) (5) � 

4.33, 5.64 11.8 (10) (12) (15)

CDCl3 H2hdfob

 : 1 : 3 × FT-IR 3428 cm-1 1713 cm-1

 

 

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  

log bobsd [H+] 2

Kd Ka H2hdfob log 

Kd: 4.34 pKa: 5.04  

 

 

 

 

 

 

 

 

 

 

 

2  b   H2hdfob 0.1 mol L-1 

 

2-3-3  × 

3 H2hdfob (Co2+, Ni2+, Cu2+, Zn2+)

× % E pH pH(Cu2+: pH 3 ~ 4, Co2+, 

Ni2+, Zn2+: pH 5 ~ 6) 10 ~ 20 % pH × H2hdfob

×  

× pH(pH1/2) thenoyltrifluoroacetone 

(Htta) 8-quinolinol (Hq) pH1/2 ( 2)[20] pH1/2 Htta, Hq

H2hdfob ×

H2hdfob × pH �pH1/2 Cu2+ Ni2+ �pH1/2 1.99

Hqu �pH1/2(0.87) 2 Co2+, Ni2+, Zn2+ �pH1/2

0.28(Co2+ - Ni2+ ) H2hdfob × Cu2+

Cu2+ pH

pH  

-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 × Co2+( ), Ni2+( ), Cu2+( ), Zn2+( ): 

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

 

 

 

2: × 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   

H2L

(M2+) [21-28]  

 

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

“o” (4) × Kex  

 

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

[M!!][H!L]![ClO!!]!!!
(5) 

 

D = [MH2-nL(2-n) (2-n)ClO4
-]o/ [M2+] (5)  

 

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

! (6) 

 

 

(6) (7)  

 

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

(7) log D pH, log [H2L]o, log [ClO4
-] ×

log D log [M2+]  

 

2-3-4.1  

Cu2+ 2-2-3 Co2+, Ni2+, Zn2+ [H2L] = 0.03 mol L-1

pH 4 Co2+: 1.0, Ni2+: 

1.2, Cu2+: 1.7, Zn2+: 1.7 Co2+, Ni2+ 1 Cu2+, Zn2+ 2

× Cu2+ Zn2+ ×

Co2+ Ni2+ ×  
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4  log D pH   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  

log D ClO4
- × pH × pH 6.5

NaClO4 NaCl 0.1 mol L-1

2-2-3 5 Co2+, Ni2+ log D log [ClO4
-]

Co2+, Ni2+

MOH+ H2L

 

 

 

 

 

 

 

 

 

 

 

5  log D log [ClO4
-]   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 × H2L  

log D log [H2L]o 6 pH  

log D – n pH vs log [H2L]o(n = 1, 2) Cu2+ × 1 2

H2L Co2+, Ni2+, Zn2+ 1 H2L ×

× 2-2-3 × [H2L]o = 0.01 mol L-1

1 H2L ×  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6  log D - n pH log [H2L]o 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 ×  

log D log [M2+] 7 2-3-4.3 pH

log D – n pH vs log [M2+](n = 1, 2) × ([M2+] = 1.0

10-4 mol L-1)

Co2+, Ni2+, Zn2+ 3.1 10-4 mol L-1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7  log D - n pH log [M2+]   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 -H2hdfob  

2-3-4.4

MALDI-TOF-MS

1,1,4,4-Tetraphenyl-1,3-butadiene (358.47 g mol-1)  

8 3

MS Co2+, Ni2+, Zn2+ 1 1 1

Cu2+ 1 1 Co2+, Ni2+, Zn2+

Cu2+ 2-3-3 Co2+, Ni2+, Zn2+

× pH pH Cu2+, Zn2+

 

 

3  -H2L  

  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

�
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M
S
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�

  (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  

β- Hexane-1,6-diyl 

bis(4,4,4-trifluoro-3-oxobutanoate): H2hfob 	 H2hdfob

log Kd: 4.34 pKa: 5.04 	 

H2hdfob pH

pH 	H2hdfob Co2+, 

Ni2+ Zn2+ pH

Cu2+ 	 

Cu2+ Zn2+ H2hdfob

(8) Co2+ Ni2+ (9)

 : H2hdfob 1 : 1 	

pH

	 

 

M!! + H!L! ⇄ ML! + 2H!� � � (8) 
 

MOH! + H!L! ⇄ MHL(OH)! + H!� � � (9) 
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3   
 

3-1  

[1,2]

[3-9]

(log KCl
ClO4: 2.72 for QPEI-4(

), 2.78 for A-530( )) [9]  

1950 [10-13] [14, 15]

log KCl
ClO4: 2.18 1.5 ( , 8 %)[11, 

15], 1.4 (2- )[11] 

[11, 14-17]

ClO4
-

ClO4
- 10-4 [18]

[19]  

(ISE)

( , , 

) ±
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3-2  

3-2-1  

4 (SBAs) 4 (WBAs)

3 SBAs 1 WBA (SBAs: Dowex 1×2, Dowex 1×8, Dowex 2×8; WBA: 

Dowex WBA) I-3×2, I-3×8, II-2×8, W-4  

(

± ) (I-1	2)

(W-1, 2, 3) (TCI, Cl 

contents/ mmol g-1, : 0.9, 2 %; 1.9, 2 %; 2.9, 1 %) [20, 21]

1265 cm-1

H-C-Cl [22] WBAs W-4 3450 

cm-1 300 cm-1

( 1) SBAs NaCl NaBr

Cl Br WBAs

25 , 50% ×  

 

 

 

 

 

 

 

 

 

1 WBAs IR  
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 10~30 mg SBAs 6~10 mL NaClO4

Cl- Br- SBA 1

II-2	8 Br Cl Br- Cl-

[21] W-4 WBA IR

 

1 SBAs WBAs  

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 . 
b . 

 

3-2-2  

X- (m g) A- (q mL) X- A- (1)  

!!!  =  [−R
!,A!][X!]

[−R!, X!][A!]                 (1) 

[X-] [A-] X- A- (mol L-1( mol dm-3))

[-R+,X-] [-R+,A-] (mol kg-1)
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X- A- TAX/ mmol TAA/ mmol (2), (3)  

 

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

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

(4)  

 

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

4 ± ([X-], [A-], [-R+, X-], [-R+, A-]) (2)~(4)

(5)~(8) 4 KX
A  

 

!!!([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- X- (RE) 4 ± (9)~(12) 4

 

 

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) 

 

RE 0.1 ~ 0.9 [A-]

3 ~ 4

± log KX
A RE ((5) (9) , (6)

(10) , (7) (11) , (8) (12) )  

 

3-2-3  

10-3.5 ~ 10-1.0 mol L-1 25 mL 10 ~ 100 mg

SBAs

0.3 ~ 100

NaClO4 II-2	8 Cl NO3
- Br- Br ClO4

- F-

Br ( 1)  

WBAs(-N) (13)  (HA: HClO4, HNO3, HBr, HCl)

HF  

 

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

10 ~ 100 mg 2 10-2 mol L-1

10-2 mol L-1

W-1 WBAs(W-2~4)

(-N) (-NH+)

NaOH  

IC (8 mmol L-1 p-

, 2.8 mmol L-1 Bis-Tris, pH3.6) F-, Cl-, Br-, NO3
-

ClO4
-  
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ISE

(TDMAC) 10-2 mol L-1 NaClO4 [23]

25 × ClO4
-  

 

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

buffer (pH 6.8) | Ag/AgCl 

 

KClO4 KCl NaCl

Br- Cl-  

(5)~(12)

1 II-2	8 KBr
Cl KBr

NO3 KCl
Br KCl

NO3

3-5  
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3-3  

3-3-1 4 ±  

CNO- Br I-3	8 4 ± [X-], 

[A-], [-R+,X-], [-R+,A-](X-: Br-; A-; CNO-) IC 4 KBr
CNO

RE (5)-(12)

2 RE([-R+,CNO-]) 

KBr
CNO([-R+,CNO-])

IC KBr
CNO([-R+,CNO-])

CNO-

 

RE (>0.8) [-R+, Br-] [Br-] [CNO-] [-R+, Br-]

KBr
CNO([Br-]) KBr

CNO([CNO-])

[-R+, Br-]

 

[-R+,CNO-]

± RE = 0.2 ~ 08  

2 ± I-3	8 log KBr
A RE  

: log KBr
CNO ([Br-]), : log KBr

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

CNO ([-R+, 

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

ClO4 ([ClO4
-]) 

determined by ISE. 

-1.5  

-1.0  

-0.5  

0.0  

0.5  

1.0  

1.5  

2.0  

2.5  

0  50  100  

lo
g 
K B

rA  

% RE 
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3-3-2 ClO4
-  

Br I-3	8 ClO4
- (X-: Br-; A-: ClO4

-) [Br-] IC

± [9] IC ClO4
-

KBr
ClO4([ClO4

-]) ((6) ) KBr
ClO4([-R+,ClO4

-]) ((8) )

ClO4
- Br-

ClO4
- Br-

ClO4
-

2 KBr
ClO4([Br-]) RE

10 mg I-3	8 2.00	10-4  4.00 

	10-4 mol L-1 ClO4
- [Br-] 1.93	10-4 

3.78	10-4 mol L-1 ClO4
- Br- [ClO4

-]

0.07	10-4 0.22	10-4 mol L-1

KBr
ClO4([Br-])

RE [ClO4
-]

 

ISE KBr
ClO4([ClO4

-]) 2 KBr
ClO4([ClO4

-]) [11]

RE [Br-] KBr
ClO4([Br-])

KBr
ClO4([Br-])

KX
ClO4 RE

[13, 15]

KBr
ClO4 KBr

Cl KCl
ClO4 102.21 ±

102.18[12] ISE KX
A

 

 

3-3-3  

4 SBA 4 3

F- RE I-1	2, 

I-3	8, I-3	2 log KBr
F %RE 0 100 0.30, 0.34, 

0.43 ( 3 (a) ~ (c)) F- [21]

F- F-

[24]  

II-2	8 F-
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II-2	8 F- (4.8) I-3	8(5.6) 1

[21] II-2	8 RE

( 3 (d))  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 4 log KBr
A RE (a) I-1	2, (b) I-3	

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

-; , Cl-; , F-. 

 

 

 

 

-2.5 

-1.5 

-0.5 

0.5 

1.5 

2.5 

0  20  40  60  80  100  

(a)

0  20  40  60  80  100  

(b)

-2.5 

-1.5 

-0.5 

0.5 

1.5 

2.5 

0  20  40  60  80  100  

(c)

0  20  40  60  80  100  

(d) 

lo
g 
K B

rA  

% RE 
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3-3-4  

10-2 mol L-1 H+

A- W-4 W-2 W-3 HNO3, HBr HCl

1 HClO4

10% W-1 (water content: 0.1 %)

 

RE

(3-5 19-25)  

 

3-3-5  

4 WBA 4 3 WBA 2 3

2 RE 50% I-1	2, I-3	8, I-3	2 log KBr
F

4 SBA log KBr
ClO4 log KBr

F I-1	2 

(3.99) > I-3	8 (3.34) > I-3	2 (2.29) I-1	2

I-3	2

1.7 II-2	8 I-3	8

WBA

SBA
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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 

2 (SBAs, WBAs) 4 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 
a . b n.d.: not determinable. c n.e.: not evaluated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 7 log KBr
A A-: , ClO4

-; , NO3
-; , Cl-; , F- 
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3-4  

[ClO4
-] ISE

 

 

3-5  

 

3 I-1	2  (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) 

 

 

 

4  I-1	2  (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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5  I-1	2  (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) 

 

 

 

 

6  I-1	2  (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) 

 

 

 



 40 

7  I-3	8  (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) 

 

8  I-3	8  (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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9  I-3	8  (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) 

 

 

 

10  I-3	8  (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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11  I-3	2  (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) 

 

 

 

 

12  I-3	2  (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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13  I-3	2  (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) 

 

 

 

 

 

 

14  I-3	2  (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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15  II-2	8  (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) 

 

 

 

16  II-2	8  (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) 
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17  II-2	8  (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) 

 

 

 

18  II-2	8  (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 ODS Hacac( , [18]) phen( , [19])  

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

-1 ( ). : pH 3.0 ( ); pH 4.0 (	). 

 

ODS

[20]

[21-24] [25]

[17] ODS

[26, 27]

β- 0.5 mol L-1 

( mol dm-3) (TTA 0.19 BFA 0.095 

mol kg-1)

ODS

 

ODS

ODS

SPE β-

N,N’-di(4-chlorophenol-2-ylmethyl)-N,N’-di(pyridine-2-ylmethyl)ethane-1,2- 

diamine (H2L / 105.12)

[28-31] ODS

SPE  
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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) ODSKhC6,�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) 
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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� 

 



 58 

!!"  =  [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  ODS  

py 50P 50PE py 2

50PE ODS

py 50PE

15 50P 5 50PE

50PE [9-15]  

 

 

 

 

 

 

 

 

 

 

 

 

2  ODS py py     

: 5 × 10-3 mol L-1; : 10 mL; ODS : 1 g; ODS : 50P (	), 50PE ( ). 

 

ODS

4–7 Kd (kg-1 L) Kad (mol-1 L)

Amax (mol kg-1) 2 ((15)

) bz 50S

50P py 50S

50P py

50P py

ODS py 8

( 2(e))

ODS

py py

HPLC

[3-6]

50PE 50P

0 

0.001 

0.002 

0.003 

0.004 

0.005 

0.006 

0 5 10 15 20 25 

[p
y]

/m
ol

 L
-1

 

time/min 
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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).  

 

 

 

 

0.0  

0.5  

1.0  

1.5  

0.000  0.005  0.010  

0.0  

0.5  

1.0  

1.5  

0.0  0.1  0.2  
0.0  

0.5  

1.0  

1.5  

0.0  0.1  0.2  

0.0  

0.5  

1.0  

1.5  

0.00 0.01 
0.0  

0.5  

1.0  

1.5  

0.000  0.005  0.010  

0.0  

0.5  

1.0  

1.5  

0.0  0.1  0.2  0.3  

[R
] s

/m
ol

 k
g-1

 

[R]/mol L-1 

(a) (b) (c) 

(d) (e) (f) 
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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).  

0.0  

0.5  

1.0  

1.5  

0.000  0.005  0.010  
0.0  

0.5  

1.0  

1.5  

0.000  0.005  0.010  

0.0  

0.5  

1.0  

1.5  

0.000  0.005  0.010  
0.0  

0.5  

1.0  

1.5  

0.000  0.005  0.010  
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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  ODS  

9 ODS log Kd’ 

tl  bz (0.64) –

(Δlog Kd,ow = 2.97 – 2.24 = 0.73) ODS ODS

ODS ×

ODS ( )

[7-9] py 50P 100 % ODS

300P 3 % ODS

HPLC 80 kgf cm-2 300P py

py 0.08 mol L-1 300P 0.267 mol kg-1 (0.033 

mol kg-1) 8 ODS ODS

 

 

 

 

 

 

 

 

 

 

 

 

9 log Kd' ODS    

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

others. 
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ODS py Hacac

10

Amax

SDw 30%

ODS

log Kad ODS

ODS

10(a) 50S 0

ODS 20 - 200  

3

× ODS 1 µmol m-2 50P  

 

 

 

 

 

 

 

 

 

 

 

 

 

10  py(a) Hacac(b) Amax
  log Kad ODS  

 Amax ( ); log Kad (	). Closed: 50M and 300M; half closed: 50PE, open: the others. 

 

4-3-2.2  ODS ODS  

9 10 ODS

ODS

ODS ODS

ODS ODS

(50M)

(300M)

lo
g 
K

ad
 

SDODS/µmol m-2 

0.0  

0.5  

1.0  

1.5  

2.0  

2.5  

3.0  

0.0  

0.2  

0.4  

0.6  

0.8  

1.0  

1.2  

0 1 2 3 4 5 6 7 8 
SDODS/µmol m-2 

A
m

ax
/m

ol
 k

g-1
 

0.0  

0.5  

1.0  

1.5  

2.0  

2.5  

3.0  

0.0  

0.2  

0.4  

0.6  

0.8  

1.0  

1.2  

0 1 2 3 4 5 6 7 8 

A
m

ax
/m

ol
 k

g-1
 

lo
g 
K

ad
 

(a) (b) 



 68 

ODS

ODS  

50PE Kd’ 50P py 1/7 EC ODS

TMS

SDalkyl = SDTMS + SDODS = 3.17 mmol m-2 50PE py, Hacac log Kd’

TMS ×

50PE Amax log Kad 50P Amax py

1/5 Hacac  1/14 log Kad 50P TMS

ODS
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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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3   50P  

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 

× .  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�?ũƣ(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?
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ol

 L
-1

 

time/h 

0 

0.01 

0.02 

0.03 

0 5 10 15 20 25 



 72 

®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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14  50P  

(a) tpy, (b) bpy, (c) py, (d) qu. 

 

4  50P  

 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) 

× . 
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50P py bpy ( 4) 50P

( 3)

bpy py 2

py

ODS ODS

 

H2L log Kad 2.92 10 H2L

50P H2L

Amax

 

 

4-3-5  H2Clbbpen ODS  

(Mn2+, Co2+, Ni2+, Cu2+, Zn2+) 50P %E pH 15

pH 100%

Mn2+, Co2+, Zn2+ Ni2+, Cu2+

(SPE: Na2SO4, LLE: NaClO4 or NaNO3)

( 16, [29])

ODS

 

 

 

 

 

 

 

 

 

 

 

 

15 H2L 50P  

: Mn2+( ), Co2+( ), Ni2+(	), Cu2+( ), Zn2+( ). : ((24) ) 

0 

20 

40 

60 

80 

100 

1 2 3 4 5 6 7 8 

%
E

 

pH 



 75 

 

16 H2L [29] 

: Mn2+( ), Ni2+( ), Cu2+(	), Zn2+( ) 

: [M2+] = 1.0 10-4 mol L-1; NaClO4 or NaNO3 = 0.1 mol L-1; buffer. 

: [H2L] = 0.01 mol L-1 

 

(24) Mn2+, Co2+, Zn2+ Kex

(log Kex: -2.6(1) (Co2+); -3.74(5) (Zn2+); -9.52(4) (Mn2+))

(3)

10-2 mol L-1 (LLE) ODS

0.08 mol kg-1 1 pH pH1/2: 

Zn2+ 3.3, 4.4 Mn2+ 6.1, 7.0

pH 2.8 2.6

ODS (16.7 %) [29]

H2L [H2L]SPE = 0.479 mol kg-1 [H2L]LLE = 0.0068 mol kg-1

(26) pH �pH1/2 0.92 pH

ODS  

 

∆pH!/!  =  12 log [H!L]!"#[H!L]!!"
(26) 

 

Ni2+, Cu2+

[29] Na2SO4 HSO4
-

ClCH2COO-
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4-4  

  × ODS

ODS

ODS

×

SPE ODS ODS

ODS

ODS

 

ODS

ODS ODS

SPE ODS
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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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