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± 0.5 mol∆1  dm3 with bs = (5.1 ± 0.5) × 10∆4  mol dm∆3  at R
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�e log Kex and log Kex± values were in the orders A∆  = F3CCO2
∆  < 

ReO4
∆  < Dnp∆  < MnO4

∆  < Pic∆ . �e log KD,NaL values were in the same 
order as those for log Kex and log Kex±. Also, the log KD,A values were in 
the order F3CCO2

∆  �  ReO4
∆  < Pic∆  < MnO4

∆  < Dnp∆ .

�e order of the log K1,NB values was F3CCO2
∆  � Dnp ∆  � MnO 4

∆  < 
ReO4

∆  < Pic. Ionic radii [21] of A∆  are assumed to be H3CCO2 (2.32 ¯) 
� F 3CCO2

∆  < MnO4
∆  (2.40) < ReO4

∆  (2.60) < Dnp∆  < Pic∆ . On the other 
hand, the ion size parameters [16,22] in aqueous solutions were in the 
order MnO4

∆  (3.5) < ReO4
∆  (3.9) < H3CCO2

∆  and H2ClCCO2
∆  (4.5 ¯) 

� F 3CCO2
∆  < Dnp∆  < Pic∆  (7). Here, the positions for F3CCO2

∆ , Dnp∆  
and Pic∆
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Correlation between log KD,NaLA and log KD,A
S

�e log KD,NaLA {= log ([NaLA]NB/[NaLA])} value was calculated 
from the thermodynamic relation [15,17].

log KD,NaLA = log Kex ∆ log (KNaL�K̃1) + log KD,L;                     (7)

since NaLA is a neutral ion pair, its distribution constant naturally 
satis�es the condition of �� eq = 0 V [26]. Here, the symbol K1 is de�ned 
as [NaLA]/[NaL+][A ∆ ] (see Appendix A) and its values slightly changed 
with changes of I. �e log KD,NaLA values obtained were 1.01 for A∆  = 
MnO4

-, ∆0.44 for ReO4
-, ∆0.97 for F3CCO2

∆  and 0.96 for Dnp∆ ; its 
value for Pic∆  was reported to be 3.68 [11]. Figure 6 shows a plot of log 
KD,NaLA versus log KD,A

S for the pD 2243 >>BDC 
BT8ent ex
ET
EMC 
/Span actio7e918ystems Span 70 >>BDC 
BT
/T1_2 1 Tf
5.247 Tw 9 0 0 9 361.3034 603.618.0496 Tm
(∆)Tj
3T
EM44pan <</MCID 22 2262 >>BDC 
BT
/T1_2 1 Tf
0.0047.247 0 0 5.247 451.66222.2526 Tm
( for th54
ET
763 >>BDC 
BT8en <</MCIET
2 >>BDC 
BT
/T1_2 1 Tf
0.0047.247 0 0 5.247 555.8206 .06 TTm
(K)Tj
ET
EMC 
/SpaT
E anCID 22 Figa good lC 
ar correlao7e91between
ET
m at
2 >>BDC 
BT
/T1_2 1 Tf
0.00479 336.8085 592.226.4526 Tm
(K)Tj
ET
E86Spa91paT
E anCID 22R2 >>BDC 
BT
/T1_2 1 Tf
0.00470 0 5.247 475.392 618.0496 Tm
(∆)Tj
E pD4501paT3.849CID 2256 >>BDC 
BT
/T1_2 1 Tf
5.2477Tw 9 0 0 9 478.4352 615.006 TTm
(K)Tj
ET49C 
686paT
E anCID 22224</MC4 <</MCiigursult
2 >>BDC 
BT
/T1_2 1 Tf
0.0047.247 0 0 5.247 549.4833 6527TTm
(K)Tj
ET
EMC 
/Spa69n <</MCID indicatj
Ethat
a distribuo7e91propertyMCIDNa(18C6)A inws ET
ENB phase 2 >>BDC 
BT
/T1_2 1 Tf
0.0047Tw 9 0 0 9 552.5265 615.0027TTm
(K)Tj
ET
EMC 
/SpaET
pan <</MCre�ect
Ethat
CID70 >>BDC 
BT
/T1_2 1 Tf
5.2478.247 0 0 5.247 397.9656 612.0555 Tm
(4)Tj
ET
73<</)Tj
ortn <</MCID 2259 >>BDC 
BT
/T1_2 1 Tf
0.2058.247 0 0 5.247 358.2603 0027TTm
(K)Tj
ET
7an 879paET
pan <</MC. In oET
r words,D 2 mean
Ethat
ET
Efollowing relao7e919 >>BDC 
BT
/T1_2 1 Tf
0.2058Tw 9 0 0 9 361.3034 603.65C 
Tm
(K)Tj
ET4
ET1 
/S29n 426 T 22 Figre�ectshows ET
E 2268 >>BDC 
BT
/T1_3 1 Tf
0 Tw 8 0 0 9 313.2284 592.2526 Tm
(K)Tj
ET128for
/S29n 426 T 2269 >>BDC 
BT
/T1_2 1 Tf
5.24780 0 5.247 319.1053 589.2556 Tm
(D,NaLA)134.2 toan n 436 T 22ex9 >>BDC 
BT
/T1_2 1 Tf
5.24789 336.8085 592.2526 Tm
.65C 
Tm
(K)Tj
ET1j
E9426 S29n 426 T 22/Span 2268 >>BDC 
BT
/T1_3 1 Tf
0 Tw 89 338.5305 592.2526 Tm
6 Tm
(K)Tj
ET1<</6739/S29n 426 T 2269 >>BDC 
BT
/T1_2 1 Tf
5.2478Tw 9 0 0 9 478.4352 6152556 Tm
(D,NaLA)17an5509oan n 436 T 22ex 5.9 >>BDC 
BT
/T1_2 1 Tf
5.2478.247 0 0 5.247 549.4833 65C 
Tm
(K)Tj
ET184tedEMC 29n 426 T 22/ordD 2 <</MCI68 >>BDC 
BT
/T1_3 1 Tf
0 Tw 8Tw 9 0 0 9 552.5526 Tm
6 Tm
(K)Tj
ET229n992
/S29n 426 T 2269 >>BDC 
BT
/T1_2 1 Tf
5.24790 0 5.247 389.3881 595.2496 Tm
(S)Tj
ET235.86 
/S2 n 436 T 222270 >>BDC 
BT
/T1_2 1 Tf
5.2479.247 0 0 5.247 358.26032496 Tm
(S)Tj
ET244.54/Spa32for74ID 2271 >>BDC 
BT
/T1_2 1 Tf
-0.039Tw 9 0 0 9 361.3034 603.65C 
Tm
(K)Tj
ETj
E65C243 29n 426 T 22/n <</st ex
70 >>BDC 
BT
/T1_2 1 Tf
5.2479.247 0 0 5.247 451.6622 612.0555 Tm
(4)Tj
ET79..177.2a32for74ID 22 2259 >>BDC 
BT
/T1_2 1 Tf
0.20590 0 5.247 319.1053 589.(K)Tj
ETj96C 
EMC 29n 426 T 22/9 >>BDC 
BT
/T1_2 1 Tf
0.20599 336.8085 592.2526 Tm
.6564
Tm
(K)Tj
ET4
ET1 
/SSpa6426 T 22= MnO9 >>BDC 
BT
/T1_2 1 Tf
0.20590 0 5.247 475.392 618.0 612.0555 Tm
(4)Tj
ET7 00243 
/S6436 T 2249 >>BDC 
BT
/T1_2 1 Tf
0.2059Tw 9 0 0 9 478.4352 6152556 Tm
(D,NaLA)7
ET406pa21.6r74ID 22 2259 >>BDC 
BT
/T1_2 1 Tf
0.2059.247 0 0 5.247 549.4833 6564
Tm
(K)Tj
ET75.aT3
/SSpa6426 T 22/SpanDnp9 >>BDC 
BT
/T1_2 1 Tf
0.2059Tw 9 0 0 9 552.5265 615.612.0555 Tm
(4)Tj
ET11</6986pa21.6r74ID 22 2259 >>BDC 
BT
/T1_2 1 Tf
0.20edE247 0 0 5.247 549.4833 6564
Tm
(K)Tj
ET1EMC7418/SSpa6426 T 22/wIET
close ws ETose [13,23]greportshobe exe. Also,/9 >>BDC 
BT
/T1_2 1 Tf
0.2030.247 0 0 5.247 358.2603 0121
Tm
(K)Tj
ET4
ET1 
/S07.8426 T 22ET
E 2268 >>BDC 
BT
/T1_3 1 Tf
0 Tw30Tw 9 0 0 9 361.3526 Tm
6 Tm
(K)Tj
ET71.2 24/S07.8426 T 2269 >>BDC 
BT
/T1_2 1 Tf
5.2430.247 0 0 5.247 451.66222556 Tm
(D,NaLA)77.1094/S0MC 436 T 2222NaL9 >>BDC 
BT
/T1_2 1 Tf
5.24300 0 5.247 319.1053 589.2556 Tm
(D,NaLA) pD1868/SS
E r74ID 2271 >>BDC 
BT
/T1_2 1 Tf
-0.0309 336.8085 592.2526 Tm
.6121
Tm
(K)Tj
ET9..6739/S07.8426 T 22/ordD   FigPic1 >>BDC 
BT
/T1_2 1 Tf
-0.0300 0 5.247 475.392 618.0 612.0555 Tm
(4)Tj
ET1
E66102/SS
E r74ID 22 2259 >>BDC 
BT
/T1_2 1 Tf
0.20edTw 9 0 0 9 478.4352 615.0121
Tm
(K)Tj
ET15</6534/S07.8426 T 22 < F9 >>BDC 
BT
/T1_2 1 Tf
0.20ed.247 0 0 5.247 549.4833 612.0555 Tm
(4)Tj
ET166a6423/S0MC 436 T 2239 >>BDC 
BT
/T1_2 1 Tf
0.20edTw 9 0 0 9 552.5265 615(K)Tj
ET169n158.2S07.8426 T 22CCO9 >>BDC 
BT
/T1_2 1 Tf
0.20310 0 5.247 389.3881 595.2496 Tm
(S)Tj
ET187.8517/S0MC 436 T 2256 >>BDC 
BT
/T1_2 1 Tf
5.2431.247 0 0 5.247 358.26032496 Tm
(S)Tj
ET190.3702/SS
E r74ID 22 2259 >>BDC 
BT
/T1_2 1 Tf
0.20e1Tw 9 0 0 9 361.3034 603.6121
Tm
(K)Tj
ET19..4134/S07.8426 T 22 �TMnO9 >>BDC 
BT
/T1_2 1 Tf
0.20
EM247 0 0 5.247 451.6622 612.0555 Tm
(4)Tj
ET72466103/S0MC 436 T 2249 >>BDC 
BT
/T1_2 1 Tf
0.20310 0 5.247 319.1053 589.2556 Tm
(D,NaLA)04761288/SS
E r74ID 22 2259 >>BDC 
BT
/T1_2 1 Tf
0.20e19 336.8085 592.2526 Tm
.6121
Tm
(K)Tj
ET0ed.172/S07.8426 T 22 �TReO9 >>BDC 
BT
/T1_2 1 Tf
0.20
E0 0 5.247 475.392 618.0 612.0555 Tm
(4)Tj
ET257.8428/S0MC 436 T 2249 >>BDC 
BT
/T1_2 1 Tf
0.2031Tw 9 0 0 9 478.4352 6152556 Tm
(D,NaLA)260.359.2SS
E r74ID 22 2259 >>BDC 
BT
/T1_2 1 Tf
0.20e1.247 0 0 5.247 549.4833 6121
Tm
(K)Tj
ET06..4025/S07.8426 T 22 �nDnp9 >>BDC 
BT
/T1_2 1 Tf
0.2031Tw 9 0 0 9 552.5265 615.612.0555 Tm
(4)Tj
ET2 pD125.2SS
E r74ID 22 2259 >>BDC 
BT
/T1_2 1 Tf
0.20e20 0 5.247 389.3881 595.(K)Tj
ETj94.1685/S07.8426 T 22.68 >>BDC 
BT
/T1_3 1 Tf
0 Tw32.247 0 0 5.247 358.2603- 6567
Tm
(K)Tj
ET4
ET1 
/49E65426 T 22Especially, ET
E attD  four/n <</st(0.7- 68 =E 2268 >>BDC 
BT
/T1_3 1 Tf
0 Tw32Tw 9 0 0 9 361.3526 Tm
6 Tm
(K)Tj
ET203E r8Tw49E65426 T 2269 >>BDC 
BT
/T1_2 1 Tf
5.2432.247 0 0 5.247 451.66222556 Tm
(D,NaLA)209.715Tw49465436 T 2222NaL9 >>BDC 
BT
/T1_2 1 Tf
5.24320 0 5.247 319.1053 589.2556 Tm
(D,NaLA)04MC7934/S0.65C74ID 2271 >>BDC 
BT
/T1_2 1 Tf
-0.0329 336.8085 592.2526 Tm
- 6567
Tm
(K)Tj
ET22 n2809 49E65426 T 22)/wIET
in agreement68 >>BDC 
BT
/T1_3 1 Tf
0 Tw320 0 5.247 475.392 618.0 6548
Tm
(K)Tj
ET4
ET1 
/48 n2426 T 22with ETatt(0.7 [25])/attET
ENB/w
intD face directly-detD minshoby ion-8 >>BDC 
BT
/T1_3 1 Tf
0 Tw32Tw 9 0 0 9 478.4352 615.0138
Tm
(K)Tj
ET4
ET1 
/475. 426 T 22transfer-polarographic measurements. �ese facts suggest ETatt0.7 is68 >>BDC 
BT
/T1_3 1 Tf
0 Tw32.247 0 0 5.247 549.4833 612.(K)Tj
ET4
ET1 
/464a6426 T 22appropriate ws ET
E 2268 >>BDC 
BT
/T1_3 1 Tf
0 Tw32Tw 9 0 0 9 552.5365 615(K)Tj
ET122.77 
/464a6426 T 2269 >>BDC 
BT
/T1_2 1 Tf
5.24330 0 5.247 389.3881 595.2496 Tm
(S)Tj
ET12pa656
/461S6436 T 2222NaL9 >>BDC 
BT
/T1_2 1 Tf
5.2433.247 0 0 5.247 358.26032496 Tm
(S)Tj
ET14
E7342/467.6r74ID 2271 >>BDC 
BT
/T1_2 1 Tf
-0.033Tw 9 0 0 9 361.3034 603(K)Tj
ET14



Citation: Kudo Y, Kaminagayoshi A, Ikeda S, Yamada H, Katsuta S (2016) Brief Determination of Standard Formal Potentials for the Transfers of 
Several Pairing Anions across the Nitrobenzene/Water Interface by Na(I) Extraction with 18-Crown-6 Ether. J Anal Bioanal Tech 7: 319. 
doi:10.4172/2155-9872.1000319

Page 6 of 6

�©�½�º�Ã�»�³�������Ú���œ�Á�Á�Ã�³�������Ú����������������
J Anal Bioanal Tech
�œ�¦�¦�¡�������������������������•�”�•�§�����¯�¼���½�¾�³�¼���¯�±�±�³�Á�Á���¸�½�Ã�À�¼�¯�º��

holds in the present extraction systems: log KD,NaLA = log KD,A
S + log 

(KNaL,NB/KNaL) + log (KD,Na
S�˜KD,18C6) + log (K1,NB/K1) � log KD,A

S + 0.72 + 
log (K1,NB/K1), although the coe�cient of log KD,A

S was somewhat larger 
than unity. Here, this relation is derived from log Kex = log Kex± + log 
K1,NB {see Equations (6) and (7)}. �e average values of K1/mol∆1  dm3 
were 101.77 for A∆  = Pic∆ , 102.31 for MnO4

∆ , 102.43 for ReO4
∆ , 101.86 for Dnp∆  

and 102.51 for F3CCO2
∆ . �erefore, an estimate of the intercept, 0.72 + log 

(K1,NB/K1), becomes in the range of 2.1 to 4.7. Its experimental value was 
3.32 ± 0.23 (see the caption in Figure 6), overlapping this estimate. On 
the other hand, a plot of log KD,NaLA versus log KD,A at �� eq � 0 V did not 
yield the correlation (R2 = 0.038).

Conclusion
�e authors clari�ed the presence of �� eq at the NB/w interfaces in 

the NaA extraction systems with 18C6, as well as the NaPic extraction 
one. Also, the positive correlation of log Kex± to � � eq among A∆  was 
observed in a given combination of Na+, NB, and 18C6. �is fact makes 
the previously-reported correlation among L in given combinations of 
NaPic and diluents more-sure. Moreover, it was demonstrated that this 
method makes the �� A

0′- or KD,A
S-determination of a single A∆  having 

the lower extraction-ability easier. In particular, using the more general 
L, such as 18C6, is important for the present method, because this 
promises the high versatility of the method.
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