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Synopsis. The overall extraction equilibrium con-
stants (K,,) for 1: 1: 1 complexes of 12-crown-4 (12C4) with
alkali metal picrates between benzene and water have been
determined at 25°C. The K., series for the 12C4 for the
alkali metal ions are given by Nat >Lit>K+>Rbt+>Cs*.

Solvent-extraction studies of crown ether complexes
with various metal ions, particularly with the alkali
and alkaline earth metal ions, have been reported.D
In some of the studies, the overall extraction equilibria
have been analyzed by means of the constituent
equilibria, and the extractability of the crown ether
complex as well as that of the metal ion has been
discussed in detail.1»1¢;1d)  Moreover, crown ethers
have been used for extraction analysis.?

In this paper, the overall extraction equilibrium
constant values for the 12-crown-4 (12C4)-alkali metal
picrate system have been determined between benzene
and water at 25 °C, and these extraction constant
values have been compared with those of 15-crown-
5 (15C5), in order to clarify the role of 12C4 in the
extraction process.

Experimental

Materials. The 12C4 was obtained from Wako-Pure
Chemicals, Ltd., and was used without further purification.
The concentrations of the alkali metal hydroxides and picric
acid solutions were determined by means of acid and basic
titrations respectively. The benzene (analytical-grade) was
washed twice with distilled water.

Apparatus and Procedure. The organic phase of the
crown ether (1.2x10-2—25x10"*M; 1 M=1 mol dm=3)
and the aqueous phase of the alkali metal hydroxide (1.1—
1.7x 102 M) and the picric acid (6.0x 102 —1.1x 10—2 M)
in stoppered glass tubes (30 ml) were shaken in a thermostated
water bath for approx. 35 min at 254-0.2°C and then
centrifuged. The initial volume of each phase was 10 ml in
all cases. A portion of the aqueous phase (8 ml) was transfer-
red into a 10-ml beaker, and the hydrogen-ion concentration
determined by means of a Hitachi-Horiba F-5 pH meter. The
extractions were conducted at pH 9.1—11.9. The picrate
in the organic phase was back-extracted into 8 ml of a 0.01 M
NaOH aqueous solution, and the picrate concentration was
determined at 356 nm by means of a Shimadzu UV-200
spectrophotometer (¢=1.45x10*cm=* M-'). In blank ex-
periments, no detectable extraction was found in the absence
of 12C4.

The Distribution Coefficient of 12C4. A portion (13 ml) of
a benzene solution containing 12C4 and an equal volume of
distilled water were placed in a stoppered glass tube and
shaken under the conditions given above. The range of
concentration of the 12C4 was from 1.3x 10~ to 2.3 10~ M.
After centrifuging, a portion (12 ml) of the organic phase
was transferred to a 20-ml beaker, and allowed to evaporate
over several days, and the residue weighed. Since 12C4 is
very hygroscopic, the water content of the residue was de-
termined by Karl Fischer titration. The average distribution
coefficient, determined in this way, was 0.15.

Results

In an equilibrium between an aqueous solution of a
univalent metal ion, M*, a picrate ion, A-, and a
benzene solution of a crown ether, L, the equilibrium
constants may be defined by the following equations:

K. = [MLA][H"]/[M*][L],[HA], 1
Ky 1, = [L]o/[L] (2)
Kox(HA) = [HA]o/[H*][AT] (3)
Ky, = [ML¥]/[M*][L] )
Kox = [MLA],/[ML*][AT] Q)

[{ Pl

where the subscript “o” and the lack of subscript
designate the organic phase and the aqueous phase
respectively; square brackets indicate the molar con-
centrations. Thus, K. can be written as follows:

Kex = KD.L_IKex(HA) —IKMLKex" (6)
The distribution ratio of the univalent metal may be
represented by:

Dy = [MLA],/([M*]+[ML*]) ™)
In the case of [M*+]>>[ML*], Eq. 7 becomes:
Dy = Ko Koz (HA) [L1,[A7]. (8)

The —log(Dy/[A-]) vs. —log[L], plot in Fig. 1 shows a
linear relationship with a slope of 1 in every case,
indicating that 12C4 forms the 1:1 complex with the
alkali metal ion. The values of [L], and [A~] in
Eq.8 were calculated by means of Egs.9 and 10
respectively:

[L], = ([L],—[MLAJ,)/(1+Kp ™) 9)
[A7] = ([HA],—[MLA],)/

{1+ (Kya+ Ko (HA)) [H*]} (10)

TasLe 1. EQuILIBRIUM CONSTANTS AT 25 °C, CRYSTAL
IONIC RADII OF ALKALI METALS, AND CAVITY
RADII OF CROWN ETHERS

: Crystal
C;(;lvgx ragizl(t}z)‘l) K, Cation irc'zlic log K o«
radius(A)®

12C4 0.5—0.65 0.15
Lit+ 0.60 —1.62
Na+t 0.95 --1.44
K+ 1.33 —1.82
Rb+ 1.48 —2.10
Cst 1.69 —2.18

15C5 0.85—1.1 0.158%
Li* 0.60 —1.10w@®
Nat 0.95 1.511%
K+ 1.33 0.191®
Rb* 1.48 —0.25®
Cs* 1.69 —0.49®
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Fig. 1. Plots of —log (Dy/[A7]) vs. —log[L], for the

alkali metals—12C4 system at 25 °C.

where the subscript “t”” denotes the total concentration.
The value of K. (HA) was spectrophotometrically
determined to be 247 by using the association constant
of picric acid (Kua=1.9;%). The equilibrium con-
stants obtained from these data are summarized in
Table 1, together with the literature values.

Discussion

The log K, series for the 12C4 for the alkali metal
ions are given by Na*>Lit>K+>Rb+>Cs*, indicating
that the nearer the crystal radius of the alkali metal
ion approaches to the cavity radius of 12C4, the more
extractable the alkali metal ion is except for Li+ (Table
1). In a previous paper,]¥ we have demonstrated
that, in each case of 15C5 and 18-crown-6 (18C6),
the alkali metal ion which has the optimum size for
the crown ether cavity and the corresponding alkali
metal ion—crown ether complex are the most extractable
of all the alkali metal ions and the alkali metal ion—
crown ether complexes respectively. In the case of
12C4, Nat is more extractable than Li*, although Li+
fits more closely into the 12C4 cavity than Na+. This
may be attributed to the fact that Li+ is much more
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strongly hydrated than Nat. 14-Crown-4 (14C4)
and 12C4 have four donor oxygen atoms. 14C4 has a
slightly larger cavity radius (0.6—0.75 A%) than 12C4.
However, Lit is the most favorable fit for the 14C4
cavity of all the alkali metal ions. It is interesting that
14C4 extracted Lit most effectively among the alkali
metal ions.!? 15C5 and 18C6 show the most remark-
able selectivity for Nat and K+ respectively among the
alkali metal ions.'9  On the other hand, 12C4 displays
no pronounced selectivity for any alkali metal ion.

Equation 6 shows that the series for K., for the same
univalent metal ion for different crown ethers reflects
the magnitude of Ky, the stability, and the extract-
ability of the univalent metal ion—crown ether complex
in the aqueous phase. It may be noted from Table
1 that the log K., value of 12C4 for the same alkali
metal ion is smaller than that of 15C5.  Since the Kp 1,
value of 12C4 is nearly equal to that of 15C5, this may
be due to the fact that the size of the 12C4 complex
with the same alkali metal ion is smaller than that
of the 15C5 complex and that the ability of 12C4, which
has fewer donor oxygen atoms (four) than 15C5 (five),
to form the complex with the same alkali metal ion in
the aqueous phase is poorer than that of 15C5,
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