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From the standpoint of the development of a less toxic solvent, the ion-pair extraction of 2-(2-
pyridylazo)-1-naphthol-4-sulfonate (-PAN-4S anion: HL™ and L?7), its metal(II) complex
anions(MLs> : M = Fe(II), Ni(II), Cu(Il), and Zn(II)) and 2-(2-pyridylazo)-1-naphthol-6-sul-
fonate (0-PAN-6S anion: HL~ and L*7) with tetrabutylammonium cation(Q") using the 1-
nonanol/octane mixed solvent were carried out at 25°C . The partition and stepwise formation
constants of respective ion-associates were determined according to an analysis of the respective
extraction equilibria. The ion-pair formation constants on the sulfonate substituent with tetra-
butylammonium cation in the aqueous phase were found to be dependent on the concentration
of 1-nonanol in the mixed solvent, but those on the naphtholate to be independent of it. The
partition constant(log Kp) of each ion-pair was found to increase linearly with the concentration
of 1-nonanol in the mixed solvents. With respect to the ion-pair, (Q")2*MLy" ", the slope of the
plots of log Kp against [ROH], increases in the order: Qs*Fels < Qo NiLy < Qo*Cule < Qo ZnLs.
This suggests that the affinity of the ion-pair to l-nonanol increases in this order. The differ-
ence between the respective partition constants was observed to increse with increasing the con-
centration of 1-nonanol for each ion pair, (Q*)s*MLs> . To the contrary, it was found to
become smaller with decreasing the concentration of 1-nonanol, and can be expected to become
vanishingly small in the pure octane solvent systems.

Keywords : stepwise formation constant of ion-pair; mechanism of ion-pair extraction; 1-
nonanol/octane mixed solvent; o-PAN-4S ; tetrabutylammonium cation.
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Fig. 1 Determination of the formation and partition
constants on the ion-associate of «-PAN-4S anion
(HL ) with tetrabutylammonium cation in the 1-
nonanol/octane mixed solvent systems

Numbers refer to the mixed solvents in Table 1. The
solid lines are straight ones drawn by the least-squares
method.
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Fig. 2 Determination of the formation and partition
constants on the ion-associate of «-PAN-6S anion
(HL ) with tetrabutylammonium cation in the 1-
nonanol/octane mixed solvent systems

Numbers and solid lines are the same as in Fig. 1,
respectively.
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Fig. 3 Determination of the formation and partition
constants on the ion-associates of «-PAN-4S anion
(L*” ) with tetrabutylammonium cation in the 1I-
nonanol/octane mixed solvent systems

Numbers refer to the mixed solvents in Table 2. The
solid lines are the calculated curves drawn by the least-
squares method on the basis of equation (10).
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Table 1 The formation, partition and extraction constants on o-PAN-nS (HL ")

Anion [ROH],/mol dm * log Kp ot log Kiom. log Kexqni
o-PAN-4S (HL ) 1 1.0 0.80 1.64 2.44
2 1.5 1.21 1.64 2.85
3 2.0 1.54 1.58 3.12
a-PAN-6S (HL ) 1 1.0 0.80 1.69 2.49
2 1.5 1.00 1.88 2.88
3 2.0 1.30 1.78 3.08
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Fig. 4 Determination of the formation and partition
constants on the ion-assoicates of o-PAN-6S anion
(L*” ) with tetrabutylammonium cation in the I-
nonanol/octane mixed solvent systems

Numbers and solid curves are the same as in Fig. 3,
respectively.
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Table 2 The formation, partition and extraction constants on -PAN-nS (L*)

Anion [ROH]O/H’IOI dmfx lOg KD,ng_ lOg KLQL lOg K‘zng]_ lOg I{evazL
o-PAN-4S (L*7) 1 1.5 0.11 2.13 0.98 3.22
2 2.0 0.51 2.09 0.96 3.56
3 2.5 0.80 2.02 0.96 3.78
4 2.7 0.95 2.00 0.95 3.90
5 3.0 1.09 1.95 0.98 4.02
Q-PAN-6S (L") 1 2.0 0.08 2.46 0.94 3.48
2 2.5 0.37 2.44 1.05 3.86
3 3.0 0.69 2.33 1.04 4.06
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Fig. 5 Determination of the formation and partition
constants on the ion-associates of iron(II)-a-PAN-4S
complex anion(FeLg%) with tetrabutylammonium
cation in the 1-nonanol/octane mixed solvent systems

Numbers refer to the mixed solvents in Table 3. The
solid lines are the calculated curves drawn by the least-
squares method on the basis of equation (15).
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Fig. 6 Determination of the formation and partition
constants on the ion-associates of nickel (II)-o-PAN-4S
complex anion(NiLg%) with tetrabutylammonium
cation in the 1-nonanol/octane mixed solvent systems

Numbers and solid curves are the same as in Fig. 5.
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Fig. 7 Determination of the formation and partition
constants on the ion-associates of copper (II)-a-PAN-4S
complex anion(CuLgr) with tetrabutylammonium
cation in the 1-nonanol/octane mixed solvent systems

Numbers and solid curves are the same as in Fig. 5.
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Fig. 8 Determination of the formation and partition
constants on the ion-associates of zinc(II)-a-PAN-4S
complex anion(ZnL," ) with tetrabutylammonium
cation in the 1-nonanol/octane mixed solvent systems

Numbers and solid curves are the same as in Fig. 5.

Table 3 The formation, partition and extraction constants on a-PAN-4S chelates

Anion (A*") [ROH],/mol dm * log Kp g2a log Kiion log Kip.ooa log Kexgza
Fely®” 1 2.5 0.01 3.13 1.48 4.62
2 2.7 0.20 3.03 1.48 471
3 3.0 0.45 2.88 1.44 4.77
NiLy*~ 1 2.5 0.44 2.50 1.16 4.10
2 2.7 0.70 92.44 1.10 4.94
3 3.0 0.98 2.35 1.07 4.40
Culy®” 1 1.5 —-0.50 2.40 1.45 3.35
2 2.0 0.09 2.35 1.40 3.84
3 2.5 0.70 2.97 1.18 4.15
ZnLs®~ 1 1.5 -0.50 2.83 1.60 3.93
2 2.0 0.15 2.77 1.51 4.43
3 2.5 0.74 2.59 1.26 459

3.3 BEAFTHOPEERNDBEDOZE

AR T, ZhENO A F VbR o g o
FRATIZ Y 22 AP BLIE 3 S B & 5 WIREHEED 1-/ F
J=NEF sy yOFEEFELTEY, 14 ol
WX HWZREGBHOMES L TRES., 22T, h
ZNDA T URITOWT, BohiA + yiaie iz i
BEBD 1-7 F 7 —ViREICHLTF ey b L7 (Fig.
9).

WEROA F LT, Fuy MIEBRET)
ENTER-/F/ — VOREHPAITIE, XVEHREE
RL7. Q) ML OA F UFHCBLTIE, 7uvy bo
X%, Fe<Ni<Cu<Zn DJHICKELL > TEBY, 1-/
F = NDAF R OBRAERZOMICKELL B L
ZRBLTWA. Fig. 9070y hOMWXIIKA F V0

1-/F 7 = WNOBHEZRIRNTA—F =L EZI LN
5.

72, Fig. 91347 & VHUBHERTIIE A+ 23O 55EL
R, TRENIEFITNELRD, ToEDIIEALR
{ BT EZRBLTVS, ZRICHLTI-/F /=
MBESR T, &4+ v togiE k&, 2o
LDV REL LB IEPTFHREINS.

4 H 7

WY R RAELORGEREZ VS 2 LI2L D, P
O TREH T VHEIN TR WA T YOS EER &
KMNZBUTBERA + Y RAEREEERD S EHNTE
7z.
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Fig. 9 Estimation of the partition constants of the
respective ion-associates in the pure l-nonanol and
octane solvent systems

No.l1: Q-HL, No.2: Qs'L, No.3: Qo*Fels, No.4: Q"
NiLy, No.5: Qo Culy, No.6: Qo*Znls. The solid
lines are straight ones drawn by the least-squares

“,

method. The poins of “zero” and “a” on the abscissa
indicate the pure octane and I-nonanol solvent,
respectively.
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A EERBEOREI N 2BIREEE LT, F25 /1) F /) —VREGEHEREZHVWT, 2-(2-¥) Y
VT )1-F T b—=V4-ANVEHEAF Y (@PAN4S £ F > : HL RO L?) L Z0&BisA + > (ML :

M =Fe(II), Ni(Il), Cu(Il) X Zn(D} & 2-(2-¥) I V7 V)-1-F7 b —=V-6-A )V VA + ¥ (a-PAN-

6S 44> : HL RULY) OF v I 7FAT Y EZI AL+ Y (QY) 12X B4 F vtttz 25C T o 72,
ZNZNOM T DN 217, WIET 2RO A + Ve & 4 4 ez R 7.
KBTI BANKVBELOTF P I TFNT VEZIAALF L EDA F UxAERERIE, REBED
-/ F ) = VIEEIRAET 55, 77 b=V LD A F V3 ERERUIRE AR L 2\ S L2555 72,
WIENOAF URICBELTD, 44 URRER (log Ko) LWEEBED 1-7 F 7 — VI IIEEFRBIR
DALL, 1-/F 7 — VgL & S ICHRERDMMT 2 2 L0907 (QN)e MLy DA YFHIML
T, 7oy POBEEIL, QoFels < Qu-Nils < Qo Culs € Qo ZnLy DMIZHML 1-/ F/ — W ~DA F ¥
SOBAMEDS DN KRE L 5% 2 L 2RET HRERER-.

F72, A A VRGRERDEICTNOA VR, (QN) MLy X LTH 1-/ F 7 — VIRELBINT %
EEBDITREL B EMBEEINA. SNITHLT, 1-/F /= VBENBAT 2 ICHNTZEDEIT/NE
KARY, *7 5 VMBERTRIEFITNEL 2D N TFRENDIHERER.

739



