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lon-Pair Formation of 3m-Crown-m Ether (m = 5, 6) and Its Monobenzo
Derivative Complex lons with Several Pairing Anions in Water

Yoshihiro Kudo,* Ryo Fujihara, Toshiaki Ohtake, Masaomi Wakasa, Shoichi Katsuta, and Yasuyuki Takeda

Department of Chemistry, Faculty of Science, Chiba University, 1-33 Yayoi-cho, Inage-ku, Chiba 263-8522, Japan

lon-pair formation constant&.x in mol~1-dm?) for M(B18C6)", M(15C5)", or M(B15C5)" with pairing anions

(X7) in water were determined by potentiometry with ion-selective electrodes 4T 2ver wide ranges of the

ionic strength (). The symbols B18C6, 15C5, and B15C5 denote benzo-18-crown-6 ether, 15-crown-5 ether, and
benzo-15C5, respectively; metal salts, MX, used are sodium picrate (NaPic), KPic, NABRmMQ,, and KMnQ,.

The Kyx values atl = 0 mol dnT3 (Ky.x°) were evaluated from analyzing thelependence of the logw.x

values determined. Then, effects of shapes oftke benzo group of the ethers, their ring sizes, and the shielding

of the metal ions, M, by the ethers on thes@, x ° values were discussed in comparison with the values previously
reported on M(18C6)X, M(15C5)Pic, and M(B15C5)Pic. Also, center-to-center distances in the M(18C6
derivativesy-X~ or M(15C5 ones)-X~ pairs were estimated from Bjerrum’s equation.

Introduction

lon-pair formation of crown ether-complex ions (FfLwith
a charge magnitude @ with pairing anions (X) in water is

M(15C5)Pic, and M(B15C5)Pic, changes of an interaction of
ML* with X~ caused by changing kinds of Xand L were
discussed. Besides, center-to-center distances in theXiL
pairs were estimated from Bjerrum’s equation.

required to elucidate extraction-ability and -selectivity of crown
ethers, L, against the metal ions, M in solvent extraction.
This is based on the fact that its overall extraction equilibrium
is expressed as combination of this ion-pair formation with other ~ Chemicals Procedures for preparing the MX salts employed
component equilibrid,such as the complex formation ofZ¥ and purifying B18C6, 15C5, and B15C5 were the same as
with L in water and the distribution of L. Since a pioneering thosé* described before. All aqueous solutions were prepared
work! in which one of the authors used solvent extraction to by using water that passed through a Milli-Q Labo ultrapure
determine an ion-pair formation constakif x in mol~1-dm?) water system (Millipore}.

for K(benzo-18-crown-6 ether) K(B18C6)"} with picrate ion Measurements of emfCells used for emf measurements at
(Pic") in water, several studies have been developed by other25=+ 0.3°C were as follows: AgAgCI|0.1 motdm™3 (CoHs)s-
methods, such as capillary zone electrophoresis (EZ&)d NCI or 0.05 moidm™2 MgCly|test solutiofiSE*® In every
potentiometr§—8 with ion-selective electrodes (ISEs). Then, measurements, the emf reading after 1 min from immersing ISE
many constants have been determined so far by potentiometryin the test solution was recorded for the NagRBC5 system,

Experimental Section

for Pic- (at M = Na, K, Ag)?~7 nitrated phenolates (N&),  while those were recorded after 5 min for the other systems:
tetraphenylborate (N&and permanganate ions (Na,*Kyith
M(18-crown-6 ether) {M(18C6)"} and by CZE for Pic,23

in the former system, a gradual decrease in the emf was observed

over 5 min. The ratios, [L[MX], of total concentrations of L

nitrated benzoates, nitrated benzenesulfonates, nitrated pheno= B18C6, 15C5, or B15C5 to those of MX in the test solutions

lates, perchlorate, and thiocyanate (et M = Na, K) with

M(18C6)", M(B18C6)", or M(dibenzo-18C6) {M(DB18C6)'}.

Whereas, from the extraction experiments, Kyex have been
reported anew on the ion-pair formation of Piar perchlorate
ion with M(18C6)" of M = Li—Cs? M(B18C6)" of Na, K

(reevaluated), and R;!* M(DB18C6)" of Na—Cs!112 and

on that of Pic with ML* containing L of smaller size'$:1

Nevertheless, discussion about influences of of L on the
magnitude ofky x seems to be insufficient.

were fixed at unity. Th&y.x values were obtained inranges
of (1.1 to 6.8)x 1073 mol-dm=3 for MLX = Na(B18C6)Pic,
(0.1 to 2.2)x 1072 mol-dm~2 for K(B18C6)Pic, (0.9 to 4.3k
104 mol-dm™3 for Na(B18C6)BPh (0.5 to 2.5) x 1073
mol-dm~3 for Na(B18C6)MnQ, (0.6 to 6.0)x 10-3 mol-dm~3
for K(B18C6)MnQy, (0.2 to 2.2)x 10~2 mol-dm3 for Na-
(15C5)BPh, (0.1 to 1.3)x 103 mol-dm~3 for Na(B15C5)-
BPhy, (0.4 to 8.3)x 103 mol-dm~2 for Na(15C5)MnQ, (0.4
to 10) x 1072 mol-dm=3 for Na(B15C5)MnQ, (0.2 to 4.1)x

In the present paper, we determined potentiometrically the 10~ mol-dm=3 for K(15C5)MnQy, and (0.2 to 4.4)x 1073

Kmwx values for some alkali metal salts (MX NaMnQOy,
KMnO,, NaPic, KPic, NaBP}) with B18C6, 15-crown-5 ether
(15C5), and benzo-15C5 (B15C5) in water at®®5over wide

mol-dm~2 for K(B15C5)MnQ,. Fine precipitates were found
in the emf measurements of M(B18C6)Pic (M Na, K),
NaLBPh (L = B18C6, 15C5, B15C5), and K(B15C5)MnQO

ranges of the ionic strength)( Also, theKyx values al = 0 when thel values were beyond the upper limits described.
mol-dm3 (Kyx °) were evaluated from a nonlinear regression Measurement method, a pH/ion meter, the ISEs fot ad
analysi§ of | dependence of the determined g x values. K™, and the reference electrodes employed were the same as
Using these values and those reported before on M(18C6)X, those reported before.

Calculation. Data sets of the concentration ion-pair formation

* Corresponding author. E-mail: iakudo@faculty.chiba-u.jp. constant,Ky.x, and | have been obtained as a result of a
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Figure 1. Plot of logKk1sceyridy+?) Vs [PicT]. Solid line shows the curve

fitted to eq 1 by the nonlinear regression uskigic° = 5.8 andKkgiscs
= 101564 morl.drnB_lS

0. 003

and

_ M@ + Ky MTD)

[X 7] 1- KMLKMX[M +]2

®)

at the conditions of & Ky [M*] > Ku(bm — b') and [MX];

= [L] 87 Here,Km. and by, (or b') are referred to a complex
formation constant (mof-dm?) of ML in water and a curve-
fitting parameter reflecting a mean amount (rdah~3) of some
species with MX (or L) lost from the bulk of the test soluti®n,
respectively. A derivation of eq 1 is grounded on mass balances
with by, (andb’) and the following three equilibriaM+ + X~

= MX, M*T + L =MLT, and ML" + X~ = MLX. Also, the
Kux value in egs 2 and 3 is defined as [MX]/[[X -] and
expressed as the usual funcfiérof |, Kyx = y+?Kux°, from

the extended DebyeHiickel law?® In many cases, this function
has been employed for calculation of kg x value® because
theKux values experimentally obtained in the range of a lower

succes_sive approximation with an_estimate of the liquid junction | have a positive deviation from values proper. Determining
potential between the test solution and the aqueous one of[\M+] potentiometrically and utilizing literature values kfx°

(C2Hs)4NCI or MgCl,.® Calculations oKy x ° from these data
sets were performed by using the proce@utescribed previ-
ously.

Results and Discussion

Determination of Ky x ° for ML ™ with X~ in Water. Figure
1 shows a plot of lod{k1scs)pidy+?) Vs [Pic]. Here, [Pic]
denotes an equilibrium concentration of Pin the test solution
and is equivalent to thevalue of the test solution in practice:
namely,| = (1/2){[K*] + [K(B18C6)'] + [Pic"]} = [Pic]
with a charge balance equation of {K+ [K(B18C6)"] =
[Pic™].8 Since this [Pic] value is expressed as the function of
[K™] (see eq 3), it was immediately calculated from the
experimental [K] value by the successive approximation with
the estimate of the liquid junction potentfahlso, y. refers to
a mean ionic activity coefficient for the electrolyte MK~ or
M*X~ and was estimated by using either the Deblygickel
limiting law (DHL)6 or the Davies equatiot. A hyperbola-

(or Kmx) andKw, then we could easily calculate {Xfrom eq
3 and obtain the experimental, x values from eq 2. Moreover,
the Kyx ® value was determined by the nonlinear regression
fitting of eq 1 to the plot together with the paramelgr*—° In
a previous study?® it was differentially demonstrated that the
KmLx ° value, obtained from such an analysis of the plot, is not
influenced by the magnitude bf,. Namely, theKy x /y+? value,
which is equivalent to th&y.x° one, at [X] — +wineqlis
equal to that ab,, — 0.

A curve calculated by the nonlinear regression with &cf 1
is shown with a solid line in Figure 1. It has correlation
coefficient R) of 0.993 atn = 56 (n = the data number of
Kwmix) and yields the parameter&x@gisce)pic = (1.37+ 0.12)
x 10 mol~t-dm?® andby, = (7.4 4 0.3) x107® mol-dm=3. Thus,
eq 1 reproduces well the tendency that the plot approaches
constant value in the range of the higher [Ri¢® Similar
results were also obtained in the other MX-L systems. Table 1
summarizes theKy x° values together with those reported

like tendency was observed in this plot, as shown in that of the pefore on M(18C6)X6 M(15C5)Pic, and M(B15C5)Piel8

KPic-18C6 systerfi.Namely, the logKk@iscepidy+?) values,

TheseKMLx ° values, except for thﬁK(15c5)pic° and KK(BlSCS)Pico

obtained from eq 2 (see below) and DHL, seem to approach aNones, were much larger than thgx° one$~® reported on the

asymptotic limit of about three with an increase in [Ric
For theKy x ° determination, the plot has been analyzed using
the following equatiorf:

KMLX bm
I =| o - m
VIR NV 5
with
- +
L MO X KD

T IMLYIX ] X1-MDX]

corresponding MX salts in water. This fact indicates that the
hydrated ion, Na or K*, dehydrates in complex formation with
B18C6, 15C5, and B15C5, as described often for variods L.
The other databi,, R, andn) obtained from the regression
analysis were as followsby, = (1.8 £ 0.08) x10~* mol-dm™3
and R = 0.990 for the curve of the NaMnEB18C6 system
(n = 30); (1.04 0.07) x 10~* mol-dm~23 and 0.953 for that of
KMnQO4B18C6 f = 84); (3.44 0.2) x 1074 mol-dm=3 and
0.946 for that of NaPic-B18Cén(= 65); (2.24 0.2) x 107*
mol-dm~3 and 0.970 for that of NaBRHB18C6 f = 31); (1.3
+ 0.1) x 104 mol-dm™2 and 0.975 for that of NaMn£15C5
(n = 52); (1.84 0.2) x 107 mol-dm=2 and 0.972 for that of

Table 1. lon-Pair Formation Constants Ky x ° of ML ™ with X~ in Water at T = 298 K

KMLX ° a/(mol’l-dm3)

KMLX ° a/(mol’l-dm3)

MX L = 18C6 B18C6 L= 15C5 B15C5
NaMnOy 231 (1.63+ 0.41) x 10° 38+ 21 354+ 75
KMnO, 93 72412 239+ 80 1374+ 110
NaPic 62 642+ 96 3% 517
AgPic 19% 157 556" 1.6 x 1089
KPic 738 (1.37+0.12) x 10° 6.0 12
NaBPh, 2.9x 10°¢ (1.24+ 1.02)x 10P (7.36+ 1.51) x 10° (9.07+ 6.30) x 10°

aValues atl = 0 moldm™3. b Ref 4.¢Ref 6.9 Ref 5.¢Ref 18.
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Table 2. Center-to-Center Distancesa of ML * with Pic~ Estimated at T = 298 K from the Ku.x > and Ku.x 2P Values by Bjerrum’s Equation

alA {Kuix/(mol-L-dr?)}

MX L solvent= H,O CH,Cl* DCE
NaPic 18C6 6.0 49
{1.1x 10%bf {10*07be
B18C6 —9 4.5
{104.38}b,e
DB18C6 4.4 4.0
{1.11x 10°%}bd {1079 bi
KPic 18C6 4.6,517 5.0,4.9
{7.44x 1042 {9.68x 1032k {10408 be
B18C6 —9 4.4
{104.46}b.e
DB18C6 3.8,4.3 4.1
{5.06 x 10°}ai {10#58 Db

aKux Vvalues estimated from conductance détéy x values estimated from extraction dat&aturated with wate# 1,2-Dichloroethane saturated
with water.© Ref 22.f Ref 26.9 Not estimated, sinckmx is not available" Not estimated, sinckw.x could not be determined potentiometrically from less

solubility of DB18C6 to water! Ref 24.] Ref 23.k Ref 25.

NaMnQy-B15C5 (1 = 42); (4.5% 0.4) x 1075 mol-dm~3 and
0.992 for that of KMnQ-15C5 1 = 29); (6.44 0.5) x 1075
mol-dm~3 and 0.989 for that of KMNn@B15C5 ( = 44); (5.8
+ 0.7) x 1075 mol-dm=2 and 0.960 for that of NaBRHL5C5
(n=37); and (8.1% 0.7) x 10~°> mol-dm=23 and 0.975 for that
of NaBPh-B15C5 f = 35). A further treatment o, will be

major interaction between MiLand X~ is Coulombic in the
DCE system.

The estimateé values of the ML'-Pic™ pairs in water were
much smaller than tho¥2%in both CHCl, and DCE saturated
with water (Table 2). These facts suggest that, in addition to
the Coulombic interaction, there are interactions such as

omitted because its physical meaning is not clear yet, as hydrophobic or ion-dipole one, coming from specificity of water

described previousl.

Center-to-Center Distances of MLwith X~ in Water. Based
on Bjerrum’s modef??'we tried estimating the center-to-center
distances in the ME—X" pairs from theKy_x ° values in Table
1. According to this model, an ion-pair formation constant
(Kg in mol~1-dm?) at 25°C has been expressed as

KB
with
Qb) = f,

and

560.5

b=

whereD anda denote a dielectric constant of a solvent and the
center-to-center distance (A unit) of the ions in contact,
respectively. In calculation, we assumiggl= Kyx° andD =

_1.332x 10°
==

b expi)
X

structure, for the MIE-Pic™ pairs in water. Similar values were
obtained for the AgLPic systems/f = 0.5 for both the L),
NaLMnQO, (0.5 for L = 18C6 and 0.4 for B18C6), KLMn®
(0.5), and NaLBPh (0.3). The Nal-BPh,~ pairs have the
smallesia values of all the L employed. This fact is in agreement
with the speculation that the hydrophobic interactions are present
between these component ions or around the pairs. Values from
a/A = 0.4 to 0.9 were obtained for the M(15C5)X and
M(B15C5)X systems.

Effect of an Addition of a Benzo Group on ki x °. From
Table 1, the ratios dKme1sce)x’/Kmsce)x” were calculated to
be 7.1 for MLX = NaLMnQ,, 0.77 (or its inverse= 1.3) for
KLMnQOy, 10 for NaLPic, 0.82 (or 1.2) for AgLPic, 1.9 for
KLPic, and 0.43 (or 2.3) for NaLBRhThis order was NaLBPh
< KLMnO4 < AgLPic (<1) < KLPic < NaLMnO, < NaLPic.
Taking account of simply these L sizes and the major interaction
of the ML*-X~ pairs and assuming that the size is a dominant
factor determining theKy x° value, we have the relation,
Kmeisce)x” < Kmsce)x®, namely,Kveiscex/Kmscex” < 1.
The ratios were close to unity in medial cases, such as KLiyinO
KLPic, and AgLPic. This fact means that the interaction of
AgL™ or KL* with X~ does not largely change in the addition

the dielectric constant of the pure solvent and then estimatedof a benzo group to 18C6 and also that a steric hindrance of

the b value from calculating numerically th@(b) value by
Simpson’s rule withl§ — 2))/N=02 N=1, 2, 3, ...).

Table 2 summarizes treevalues calculated from thiéux °
values for M(18C6 derivatives)Pic (M Na, K) together with
those from theKy.x values of other solvent systems reported
by conductometric or solvent extraction experimets® Their
uncertainties were presumed to be abaut0.1 A from
calculation errors of)(b). The a values estimated for water-
saturated ChCl, and 1,2-dichloroethane (DCE) systems appear
reasonable. Also, although exceptions are presentKfhe

the benzo groups on K(B18C6and Ag(B18C6) against Pic

or MnO4~ does not drastically decrease tg x values. Hence,
there must be similarity in conformation around-Ndetween
K(18C6)" and K(B18C6) or Ag(18C6) and Ag(B18C6]J.
Moreover, this suggests a close resemblance in structure between
K(B18C6)" and Ag(B18C6J in water. The higher cases can
indicate that 18C6 shields more effectively the electric charge
of Nat trapped in its cavity than B18C6 does, resulting
comparatively a decrease in thgaisce)X’ values (X = MnO4~

and Pic). Only the NaBPRL systems suggest the steric

values for the DCE system seem to decrease with an increaséhindrance of the benzo group in Na(B18C@gainst BPhr .

in the ionic radii, evaluated by Shann&hpof central M
NaLPic > KLPic > RbLPic > CsLPic for L = DB18C623
KLPic > NaLPic > CsLPic> RbLPic for B18C& LiLPic >
RbLPic> CsLPic> NaLPic> KLPic for 18C62% or NaLPicC}
> KLPicCl, > CsLPicC} for 18C6, where the symbol PicCl
denotes dichloropicrate iotf. These results indicate that the

The same ratiOSKM(315c5)x°/KM(15c5)x°, for the ion-pair
complexes of MX with the 15C5 derivatives were calculated:
9.4 for MLX = NaLMnQy, 0.62 (or its inverse= 1.6) for
KLMnQOy, 15 for NaLPic, 2.0 for KLPic, 2.8 for AgLPic, and
0.94 (or 1.1) for NaLBPh(Table 1). This order was KLMn©
< NaLBPh, (1) < KLPic < AgLPic < NaLMnO, < NaLPic.
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From the fact that the lower cases from KLMpnp® KLPic are (2) Takayanagi, T.; lwachido, T.; Motomizu, S. Analysis of ion association

ity it reactions between crown ether complexes of alkali metal ions and
close to unity, it is clear that the benzo group attached to 15C5 hydrophobic anions by capillary zone electrophordisl, Chem Soc

does not change the interactiqn betweerﬂéhd X (=MnOy4~ Jpn 1998 71, 1373-1379.

and Pic) or NaL™ and BPly™ in the pairs. On the other hand,  (3) Manege, L. C.; Takayanagi, T.; Oshima, M.; Motomizu, S. Analysis
the higher cases suggest that the shielding againstridaped of ion astshociation rleactionsdin aql_Jeous_squtibons be;ltlween alkalilmtital—
: o i : crown ether complexes and pairing anions by capillary zone electro-
in 15C5 is h'_gher tha': in B15CS. ) ) phoresis Analyst200Q 125 699-703. _

Effect of X~ on Ku.x°. To compare strength of the interaction  (4) Kudo, Y.; Usami, J.; Katsuta, S.; Takeda, Y. Solvent extraction of
of X~ with a fixed NalLt, we calculated the ratio dnaux®/ g?rr?l"ang?r?ates (’\Ija"(liqt'by l?-crownt-G et_ther frorlr_]bwaterbmtodlrz'

o i ; ; ichloroethane: elucidation of an extraction equilibrium based on
KnaLpic ba_sed_ on the NaPic-L systems. The ratios were inthe 000 equilibriaTalanta 2003 59, 1213-1218.
order X* = Pic” (Knax*/Knarpic® = 1-0)_< MnOs~ (3.7) < (5) Kudo, Y.; Usami, J.; Katsuta, S.; Takeda, Y. Solvent extraction of
BPh,~ (4.7 x 10%) for Na(18C6) and Pic (1.0) < MnO4~ silver picrate by &rcrownm ethers (n = 5, 6) from water into
1.1) < BPh (2. 10P) for Na(1 Table 1). Th m benzene or chloroform: elucidation of an extraction equilibrium using
( d) ml ( 6b>< Oz)dof aN( 5E§:158);§( az ?h )f e;ge € component equilibrium constantSalanta2004 62, 701—-706.
order was also O_ servea for a(_ &n e re_e (6) Kudo, Y.; Wakasa, M.; Ito, T.; Usami, J.; Katsuta, S.; Takeda, Y.
though the magnitude of each ratio decreased; while the order * * Determination of ion-pair formation constants of univalent metal-crown
of MnO,~ (0.68) < Pic™ (1.0) < BPh,~ (18) was for Na- ether f:ompl_ex ions with anions in water using ion-selective elec-
(B15C5)". From these orders, we can see immediately that, tA“r’]‘;fséi ggﬁglcact'ﬁgn‘]’fzrggg'fé%idfé%r_”}ggt'on methods to several salts.
among X" employed, the tetrahedral and bulky BPmost (7) Kudo, Y.; Katsuta, S.; Takeda, Y. Potentiometric determination of
strongly interacts with the Nal. the ion-pair formation constant of a univalent cation-neutral ligand

Similarly, the ratios ofKiix®/Kxpic® Were estimated: a g%rrfge;qutsh gggé%gm water using an ion-selective electradel.
relation in the magnitude for K(18Cvas X~ = MnO;~ (0.13) (8) Katsuta, S.; Yamada, H.; Kudo, Y.: Takeda, Y. lon-pair formation in
< Pic” (1.0) (Table 1). A similar result was obtained for the water and extraction into benzene of 18-crown-6-sodium ion complex
ratio, Kyiscex/Kk@iscepic- The reverse, Pic< MnO,™, is © \QlitE r:jitrat\t(ed pKhenoIakt)e ionf]\'na}l.\ an:iliActingtQ 41T6, 1K45d—158.

; 6 akeda, Y.; Kawarabayashi, A.; Ends.; Yahata, T.; Kudo, Y.;
true of the relation for K(15C3) K(B_15C5)F’ and_ the free K. Katsuta, S. Solvent extraction of alkali metal {ICs) picrates with
These facts show that the planar Pis easy to bind K(18C8) 18-crown-6 into various diluents. Elucidation of fundamental equilibria
and K(B18C6j}. which govern the extraction-ability and -selectivi§nal. Sci 1998

; ; ol 14, 215-223.

EffECtS of the Blng Size of L and a Shielding of the Chi\rge (10) Takeda, Y.; Kawarabayashi, A.; Takahashi, K.; Kudo, Y. Extraction
of M™ on Kw.x®. We calculated from Ta_ble Kwmaecex”/ of alkali metal picrates with benzo-18-crown-6 into various organic
Kmascs)x” and Kyeiscex/Kmeiscs)x® ratios as follows: solvents. Fundamental equilibria which govern the highest extraction
KM(lsce)x°/KM(1sc5)x° = 6.1 for MLX = NaLMnQy, 0.39 (or selectivity for KF among alkali metal ion8ull. Chem Soc Jpn 1995

68, 1309-1314.

its i”‘,’erse: 2.6) for KLMnO,, 1'8, for NaLPic, 0.34 for (11) Takeda, Y.; Yasui, A.; Katsuta, S. Extraction of sodium and potassium
AgLPic, 1.2 x 10? (or 0.008) for KLPic, and 39 for NaLBRh perchlorates with dibenzo-18-crown-6 into various organic solvents.
KM(Blece)x°/KM(BlscS)x° = 4.6, 0.53 (or 1.9), 1.2, 0.098, 14 Quantit_a_tive elucidation of anion effects on the extraction-ability and
1 (or 0.009), and 14 in the same order of MLX. These ratios ‘lsei'ec“"”y'l Inclusion PhenomMacrocyclic Chem2004 50, 157-
were in the orders of X = (1.<) Pic™ < MnO4'* < BPhy~ for (12) Yajima, S.; Yahata, T.; Takeda, Y. Extraction of alkali metaLi
NaLX and MnQ~ (<1) < Pic™ for KLX. Taking account of Cs) picrates with dibenzo-18-crown-6 into various organic solvents.

the ring sizes of L and the major interaction as described above Elucidation of fundamental equilibria which govern the extraction-
’ ability and -SelectivityJ. Inclusion PhenoniMacrocyclic Chem200Q

we obtain the following relationKwasce)x” < Kmscs)x® and 38 305-322.

Kuesce)x” < Kueiscs)x’- This shows the ratie< 1, when the (13) Takeda, Y.; Hatai, S.; Hayakawa, H.; Ono, Y.; Yahata, T.; E#dp
ring size is a dominant factor determining g x ° value. The Katsuta, S. Solvent effects on extraction of alkali metal picrates with
systems satisfying this requirement are of KLMy#dd AgLPic. 15-crown-5 into various organic solvents. Elucidation of fundamental

equilibria which govern extraction-efficiency and -selectivifplanta
To us, the other systems suggest another factor: the larger the 1398 47, ,37_759j Y ol

shielding effect of the charge of the Mrapped in L is, the (14) Takeda, Y.; Hashimoto, K.; Yoshiyama, D.; Katsuta, S. Extraction of
smaller thd(Mon value becomes. Such an effect can act in the alkali metal (Li, Na, K) picrates with benzo-15-crown-5 into various

. . . . organic solvents. Elucidation of fundamental equilibria determining
case that the size of Mfits well the cavity of L: for example, the extraction-ability and -selectivityl. Inclusion PhenomMacro-

Na* and K fitinto 15C5 and 18C6, respectively. By a relation cyclic Chem2002 42, 313-321.
between these two factors, therefore, a magnitud&afx ° (15) Katsuta, S.; Tachibana, H.; Takeda, Y. Stabilities in water of alkali
should be determined metal ion complexes with dibenzo-24-crown-8 and dibenzo-18-
o - . crown-6 and their transfer activity coefficients from water to non-
The above results indicate that the shielding effect ofim aqueous solvents.. Solution Chem2002 31, 499-510.

rather dominant than the effect of the ring size, except for the (16) Compton, R. G.; Sanders, G. H. \Blectrode PotentiasDavies, S.
AgLPic system. The order of the NaLX system means that the G. Ed.; Oxford Chemistry Primers 41; Oxford University Press: New
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