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Abstract. Formation constants of 1:1 19-crown-6 (19C6) complexes with alkali metal ions were
determined conductometrically at 2& in acetonitrile (AN), propylene carbonate (PC), methanol,
DMF, and DMSO. 19C6 always forms the most stable complex with Khe selectivity order

of 19C6 for heavy alkali metal ions is K > Rb™ > Cs". The selectivity for N& varies with

the solvent; that for Lf is the second lowest (AN, DMSO) or the lowest (PC). Transfer activity
coefficients ?yHZO) of 19C6 from water to the nonaqueous solvents (S) were measured®&t 25

The contributions of a methylene group and an ether oxygen atom to tRe 1% value of a crown

ether were obtained. TheyH20 values of the 19C6-alkali metal ion complex&y {20(ML 1))

were calculated, M and L denoting an alkali metal ion and a crown ether, respectively. For AN,
PC, and CHOH, although the N ion is more strongly solvated by water than by AN, PC, or
CH3OH, the logSyH20(ML ) is larger than the corresponding I8¢ H20(L) expect for the case

of Mt = LiT. The higher lipophilicity of the 19C6 complex ion is attributed to an enforcement

of the hydrogen-bonded structure of water for the complex ion caused by the greatly decreased
hydrogen bonding between ether oxygen atoms and water upon complexation. For DMF and DMSO,
the logSyH20(ML ™) is also greater than the corresponding yd*2C(L). It was concluded from

this finding that the unexpectedly lowest stability of the 19C6 complex ion in water is due to the
hydrogen bonding between 19C6 and water. The stabilities and tl"'ﬁa/fégo of 19C6-alkali metal

ion complexes were compared with those of 18C6 complexes.

Key words: stability constants, transfer activity coefficients from water, additivity, functional group
contributions, 19-crown-6, 18-crown-6, alkali metal ions, complexes, polar nonaqueous solvents,
conductometry.

1. Introduction

19-Crown-6 (19C6) has the same number of donor oxygen atoms as 18-crown-6
(18C6). 19C6 is however less symmetrical than 18C6 owing to the extra methyl-
ene group. The formation constants in water of 1:1 19C6 complexes with alkali

* Author for correspondence.
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metal ions at 25C have been reported [1]. The selectivity orders of 19C6 and
18C6 for the alkali metal ions are different from each other. The selectivity for
the neighboring alkali metal ions in the periodic table is lower for 19C6 than for
18C6 except for the case of Rbnd Cg. For Na and the ion which is smaller
in size than N4, the complex stability is higher for 19C6 than for 18C6, but the
contrary holds for all the other ions of larger size than"Nahe lower stabilities
of 19C6 complexes with size-fitting and size-misfitting larger metal ions are due to
an unfavorable conformation of 19C6 for complexation with the metal ions caused
by the less symmetrical arrangement of donor oxygen atoms compared with 18C6.
In this work, in order to systematically study solvent effects on stabilities of 1: 1
19C6 complexes with alkali metal ions, formation constants of the 19C6 complexes
were conductometrically determined in various polar nonaqueous solvents at 25
°C. Moreover, transfer activity coefficients of 19C6 from water to the nonaqueous
solvents were measured at 26. By using the values, transfer activity coeffi-
cients of the 19C6 complexes with alkali metal ions from water to the nonaqueous
solvents were obtained to study in detail the solute-solvent interaction of the 19C6
complexes. The formation constants and the transfer activity coefficients of the
19C6 complexes were compared with those of the 18C6 complexes with alkali
metal ions.

2. Experimental
2.1. MATERIALS

19C6 was synthesized by the method of Ougthal. [2]. Alkali metal chlorides
purchased from Merck Japan Ltd.were analytical grade reagents, and were used
without further purification. Lithium, sodium, and potassium perchlorates were
obtained from Merck Japan Ltd. Rubidium and caesium perchlorates were prepared
by adding a small excess of perchloric acid to aqueous solutions of rubidium and
caesium chlorides, respectively. All the perchlorates were recrystallized three times
from deionized water and, prior to use, dried at 280in vacuo. The purification
methods of acetonitrile (AN) [3], propylene carbonate (PC) [4], methanol [5], DMF
[6], and DMSO [3] are described elsewhere. For each solvent, the middle 70% of
the distillate was used. The conductivities of the final products of AN, PC, meth-
anol, DMF, and DMSO were less than 1x110~7, 2.9x 1078, 9.3x 1078, 3.1 x

1077, and 3.1x 1078 S cnT!, respectively. Alkali metal chlorides were used for
the methanol system and alkali metal perchlorates for the other solvent systems.

2.2. APPARATUS AND PROCEDURE

The conductivity measurements were made on a Fuso conductivity apparatus
(model 362A or 362B) in a water bath thermostated at:Z502°C. Two cells with

cell constants of 0.08621 and 0.1880¢rwere used. The experimental procedure

to obtain formation constants of 19C6 complexes with alkali metal ions was as
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Table I. Distribution constants of 19C6

at 25°C
System 19C6
TD/H,0 (3.78+ 0.10)x 103
TD/AN (1.66 0.06) x 102
TD/PC (3.63+ 0.08) x 102

TD/CH30H  (4.61+ 0.10) x 1072
TD/DMF (3.96+ 0.06) x 1072
TD/DMSO  (4.84+ 0.04) x 1072

TD designates tetradecane. Each distri-
bution constant is the average of 11-17
measurements. The uncertainties are the
standard deviations.

follows. 200 mL of a solution of an alkali metal salt ((1.0-1:0Y10~2 mol dn2)

was placed in the cell (volume 350 mL) and its resistance measured. A step-by-
step increase in the 19C6 concentration was effected by a rapid transfer from the
19C6 solution (4.5x 1073— 5.6 x 102 mol dn2) to the cell under a nitrogen
atmosphere, until the total concentration of 19C6 was from 1.6 to 13 times as
large as that of the alkali metal salt. The resistance of the solution in the cell was
remeasured after each transfer.

2.3. DISTRIBUTION MEASUREMENTS OF19C6

The experimental procedure for obtaining the distribution constants of 19C6 was
much the same as that described previously [7]. The initial concentration of 19C6
was from 4.6x 107° to 7.3 x 10~2 mol dn73. The experiments were conducted at
25 + 0.02°C. In this work, CHCl, was used to totally extract 19C6 from the
aqueous solution as a 1:1:1 19C6-potassium picrate complex. The distribution
constants of 19C6 are summarized in Table I.

3. Results and Discussion

The molar conductivityA vs. [L]i/[M]; plots of 19C6 for PC, CkDH, and DMSO

are shown in Figures 1, 2, and 3, respectively, where dbp [M]; denote total
concentrations of 19C6 and an alkali metal, respectively. The plots for AN and
DMF are similar, and so they have been omitted. Despite an increase in the 19C6
concentration, negligible changesAnare found for Li/CHOH, Li and Na/DMF,

and Na/DMSO systems. It was impossible to determine the complex-formation
constants of 19C6 with Lfi in CH;OH and DMF and with N&a in DMF and
DMSO.
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Figure 1. A vs. [L]t/[M]t curves for 19C6-alkali metal perchlorate systems in PC &5
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Figure 3. A vs. [L]t/[M]t curves for 19C6-alkali metal perchlorate systems in DMSO at 25
°C.

When a crown ether (L) forms a 1:1 complex with an alkali metal iort M
the equilibrium equation is written as

Mt + L = ML

oMl [Lh—1-)Mk  (L—)M @)

a being the fraction of free alkali metal ion. The complex-formation conskant
is defined by

[ML*]/[M*][L]
= (1—a)/alL]. )

Kwe

The observed conductivity is given by

K = KmA + KMLA 3)
where A" is an anion, andeya and Ky a designate the conductivities of the
alkali metal salt and the alkali metal crown ether salt, respectively. The molar
conductivities are written as

Ana = kwa/IMT] = kya /a[M];, 4)

Amia = kmia /IMLY] = kmia /(1 — a)[M, (%)
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Ana andApa denoting the molar conductivities of the alkali salt and alkali metal
crown ether salt, respectively. As a consequence of Equations (4) and (5), Equation
(3) is transformed into

A = k/[M];
= aAmva + (1 — a)Amia- (6)

Equation (2) is transformed via Equation (6) to give
KuL = (Ama — A) /(A — Ama)[L], (7)

where [L] = [L]t — [M] t(AMA —A)/(Ama — AmLa)- TheAm.a is estimated from
the A values at the points of large [Lio [M]; ratios. TheKy, of Equation (7) is
calculated from thisAm a . The actualky,. and Ay a values were obtained by a
successive approximation method. The Kg, values for 19C6 are compiled in
Table I, together with the literature values for 18C6.

3.1. STABILITY OF 19C6COMPLEXES

The Kt complex is the most stable among all the 19C6-alkali metal ion complexes
except for the Rbcomplex in water. The selectivity order of 19C6 for the heavy
alkali metal ions are the same;'K> Rbt > Cs', regardless of solvent expect

for the case of K and Rb" complexes in water. The same tendency is found for
18C6. Figures 4—6 show that the lines4Rb"and R —Cs' for 19C6 run parallel

with the corresponding ones for 18C6 except for the lingsRb" for water; for

the size-fitting and -misfitting larger heavy alkali metal ions (Rb*, Cs'), the
selection ability of 19C6 for the neighboring cations in the periodic table is almost
the same as that of 18C6. For each heavy alkali metal ion in a given solvent, the
extra methylene group decreases the kgg value from 18C6 to 19C6. This

is attributable to an unfavorable orientation of the donor oxygen atoms of 19C6
to the cation because of the unsymmetrical structure and the higher flexibility of
19C6 compared with 18C6. The selectivity of 19C6 for ivhich undergoes the
strongest solvation is the second lowest (AN, DMSO) or the lowest (RG).H he
selectivity of 19C6 for N& varies with the solvent. Of all the alkali metal ion-19C6
complexes, the stability of the Nacomplex is the highest for PC and the second
for AN, but that is the lowest for CHDH and the next lowest for water. A similar
trend for Li* and Na& is observed for 18C6. For AN, PC, and gBH, the log

Kw. value of the 19C6 complex with the light alkali metal ion{l.Na") is lower

than that of the corresponding 18C6 complex except for thiechimplexes in AN.

This is caused by an unfavorable orientation of the donor oxygen atoms of 19C6 to
the size-misfitting smaller cation due to the unsymmetrical structure and the higher
flexibility of 19C6. The difference in log . between 18C6 and 19C6 in a given
solvent decreases in the order the heavy alkali metalioha™ > Li*. For K*,

Nat, and Lit, the selection ability for the neighboring cations in the periodic table



Table Il. log Ky values of 19C6 and 18C6 with metal ions in various solvents &5

Metal lonic HO AN PC
ion radius (&) [8] = 19C6 [1] 18C6 19C6 18C6 19C6 18C6
Lit 0.74 0.76 0.340.088 3.73+0.05 3.73[11] 2.2%0.02 2.78 [15]
Nat 1.02 0.93 0.73[1] 43%#0.05 4.55[12] 4.49%0.07 5.68[4]
K+ 1.38 1.27 2.03[9, 10] 4.62 0.05 5.72[3] 4.49+ 0.01 6.24 [4]
Rbt 1.49 1.33 1.56 [10] 4.06:0.03 5.24[13] 3.7220.00 5.32[4]
Cst 1.70 0.71 0.99 [10] 3.2% 0.05 4.36 [14] 2,92+ 0.01 4.48 [4]
CH30H DMF DMSO
19C6 18C6 19C6 18C6 [6] 19C6 18C6
Lit - - - - 1.72£ 0.19 -
Nat 2.83+0.03  4.36[16] - 2.4 - 1.43[12]
K+ 4.21+ 0.06 6.08 [3] 2.60+ 0.01 431 2.010.05 3.28 3]
Rbt 3.76+£ 0.01 5.32 [16] 2.25%0.03 3.98 1.73t 0.06 3.18
Cst 3.00+0.01 4.79 [16] 1.89+ 0.05 3.67 1.54+ 0.08 3.04 [18]

@ Determined by conductometry using LiCl at 250.02°C. This study.

b calculated from log’Cy PMSO(ML +) = —0.80 [17] by Equation (8), using logm. = 5.32 in PC [4].

SAXITANOD 9-NMOHD-6T 40 SLINIIDI4430I ALIAILOY d34SNVHL ANV S3ILITIGVLS
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Figure 4. Plots of logK vs. crystal radii of alkali metal ions for AN and PC.

is lower for 19C6 than for 18C6 (Figures 4-6). For the same alkali metal ion, the
difference in logky. between 18C6 and 19C6 in the nonaqueous solvent is greater
than the corresponding one in water. This is attributed to the fact that 19C6 is more
lipophilic than 18C6, but the reverse holds for the Mtomplexes of the same
cation (Table V).
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Figure 5. Plots of logK . vs. crystal radii of alkali metal ions for G¥OH and HO.

Table V shows that an alkali metal ion is much more strongly solvated by DMF
and DMSO than by water. But the stability of the 19C6-alkali metal ion complex in
water is lower than in DMF and DMSO; the same tendency is also found for 18C6.
Hydrogen bonding between ether oxygen atoms of the crown ether and water is
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Table lll. Ky (M1)/KmL (M2) values at 25C

Mi My L AN PC CHgOH H,O DMF DMSO

Na Li 19C6 4 159 - 2 - -
18C6 7 794 - 3 - -

K Na 19C6 2 1 24 2 - -
18C6 15 4 53 20 81 71

K Rb 19C6 4 6 3 1 2 2
18C6 3 8 6 3 2 1

Rb Cs 19C6 6 6 6 4 2 2
18C6 8 7 3 4 2 1

one of the dominant factors in causing the unexpectedly low stability of the crown
ether complex in water.

Table Il shows that th&y, (M1)/Ku (M) ratio of 19C6 or 18C6 varies greatly
with the solvent in the cases of{M Na, M, = Li and M; = K, M, = Na, where the
r-(M1)/r.(My) ratio is far larger than unity (Na/Li 1.38 and K/Na 1.3B)being the
crystal ionic radius. But thEy,_(M1)/Ku. (M>) ratio of the crown ether varies only
slightly with the solvent in the cases of M K, M, = Rb and M = Rb, M, = Cs,
where ther.(M5)/r.(M,) ratio is close to unity (Rb/K 1.08 and Cs/Rb 1.14). This
is caused by the difference between the difference in solvation energy between M
and M§ and that between M.t and ML+ (M{+ MoLT = M3+ MyL*), and by
the difference in complexation energy of Mlat gaseous state betweerf Mnd
MJ.

3.2. TRANSFER ACTIVITY COEFFICIENTS OF CROWN ETHERS

The transfer activity coefficient$y >2(L)) of a crown ether between solvents S
and S is defined as follows,

S1yS2(L) = [L]s,/[L]s,.

The contributions of a methylene groupc(y,), and an ether oxygen atomd),

to log Sty >2(L) between $and S at 25°C can be estimated from logy %2(L) of
19C6 and 18C6rch, = log Sty >(19C6)— log Sty >2(18C6) andro = (log Sty (L)

— mcH, X a) + b, a andb denoting the numbers of methylene groups and ether oxy-
gen atoms, respectively. The contribution of a benzo grawgp.() to log >ty %2(L)
between $and S at 25°C can be evaluated from logy (L) of benzo-crown
ethers by using thecn, andro values;rcn, = log Sty 2(L) — mep, x a — 7o x

b. Thernch,, mo, andrc,y, values are compiled in Table 1V, together with they,
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andrg values estimated from logy %2(L) of 15-crown-5 (15C5) and 16-crown-5
(16C5), and experimental logy (L) values of crown ethers at 2& and those
calculated from the empirical parameters, where DB18C6, DB21C7, DB24CS8,
and DB30C10 designate dibenzo-18-crown-6, dibenzo-21-crown-7, dibenzo-24-
crown-8, and dibenzo-30-crown-10, respectively. Except for the REAystem,
thercy,, o, andrcy, values calculated from the combination of 19C6 and 18C6
are in relatively good agreement with those of 16C5 and 15C5; experimental and
calculated log™y (L) values of a given crown ether {$ AN or CH;OH) are
nearly equal except for the case of DB18C6 for thesOH/H,O system. The
structural effect on thecy, values is not observed. For the PG@Hsystem, the
TicHys o, andrcyy, Values evaluated from the combination of 19C6 and 18C6 are
different from those of 16C5 and 15C5. Experimental and calculatetFiotr®(L)
values of 15C5, 16C5, 18C6, or 19C6 are different. For each dibenzo-crown ether,
the log P¢y"29(L) value calculated from the combination of 19C6 and 18C6 is
more consistent with the experimental one than that of 16C5 and 15C5. The log
PC,H20(L) values of 15C5 and 16C5 were determined by directly measuring the
distribution of 15C5 and 16C5 between PC and water without tetradecane [7]. The
high mutual-solubility of PC and $D causes the larger inconsistency between
experimental and calculated 16§y H2°(L) values from the combination of 16C5
and 15C5 and the great difference between experimental9pC(L) values of
15C5 and 16C5 and those calculated from the combination of 19C6 and 18C6.
The orders of increasing solubility of a methylene group, an ether oxygen atom,
and a benzo group are,8 < AN ~ PC < CH30H < DMF < DMSO, DMSO
<« DMF < CH30H < PC < AN < H;0, and HO « AN < PC < CH30H <
DMF « DMSO, respectively. The solubility sequences for the solvents of the
methylene and benzo groups are the same and completely the reverse of that of
the ether oxygen atom. The ether oxygen atom is hydrophilic, but methylene and
benzo groups are hydrophobic. The benzo group is much more lipophilic than the
methylene group. The ether oxygen atom is the most soluble in water which has
the greatest acceptor number [25] among all these solvents. For the other cases,
however, there is no relation between the acceptor number of the solvent and the
solubility of the methylene group, the ether oxygen atom, or the benzo group. It is
interesting that, except for water, the order of solubility of the ether oxygen atom
is completely the reverse of that of the donor number of the solvents (AN 14.1,
PC 15.1, HO 18.0, CHOH 19, DMF 26.6, DMSO 29.8 [25]). Whem S DMF
or DMSO, the much larger experimental I8g/"2°(L) value compared with the
corresponding calculated value is found for DB21C7, DB24C8, and DB30C10 ex-
cept for the DB24C8-DMSO/D system; the difference between the experimental
and calculated log'y "2°(L) values increases from DB18C6 to DB30C10 with an
increase in the flexibility of the dibenzo crown ether ring. The difference between
the interaction of the ether oxygen atom with water and that with the nonaqueous
solvent § is much greater for the DMF/ and DMSO/8 systems than for the
others. It follows from this that the interaction of the ether oxygen atom with water



Table IV. 7ch,, 70, TcgH,. and logSly=2(L) values at 25°C

log StyH29(L)
S1/Sy TCH, 7O mcgH,  15C5 16C5 18C6 19C6
Expt. Calc. Expt. Calc. Expt. Calc. Expt. Calc.
AN/H,0 0.3% 082 27RC _09¢ -0.80¢ —0.6 —047 —0.979 —0.64
034 —08P 290° —1.14 —0.80°
PC/H,0 038 —0.9F 28%C -—02F -110 —0.1 —0.76 ~-1.32.9 -0.98
012 —029 15>¢ —0.30 —0.18&
CHgOH/H,O 052 —1.4R 32%:C¢ _12¢ 140 —0.8¢ -—0.8%F —1.669 —~1.09
041 —109 28P° -1.62 —1.21P
DMF/H,0 078" —1.86" 399 - —1.50" - —0.72" ~1.80 - -1.02 -
DMSO/H,0 1472 —337R 593d _ —2.1% - —0.68 —2549 - -111 -
log Sty M20(L)
Si/Sy DB18C6 DB21C7 DB24C8 DB30C10
Expt. Calc. Expt. Calc. Expt. Calc. Expt. Calc.
AN/H,0 350" 3.14cC 3.37 2.98¢ 3.08k 282AcC 290 2.50¢
3.3P¢ 3.11Pc¢ 3.04 2.9pc¢ 2.9¢! 25pcC
PC/H,0 289  3.10°C 3.02 2.88¢C 273k 26C 234 22AC
2.26¢ 2.210.c 2.71 2.16¢ 237! 2.08c
CH3OH/H,0 1.8y 254¢ 2.04 2.262¢C 184k  1.9@c 1.49  1.4AC
2.48c 2.21P¢ 1.83 1.94.¢ 1561 1.4Pc
DMF/H,0 348 3.0 3.44 2.7 3.10 2.46" 282 1.8
DMSO/H,0 3.381  35Ad - 3.09d 2.94 2.66%d 2.62 | 1.80*d
2.66:
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2 Calculated from log™yH20(L) of 19C6 and 18C6 [17,19F Calculated from log™yH29(L) of 16C5 and 15C5 [7]¢ The average ofrcg,
calculated from logPty H20(L) of B15C5 [20] and B18C6 [21]¢ Calculated from log*tyH20(L) of B18C6 [21].€ Ref. [7].f Ref. [17].9 Ref.
[19]. M Ref. [12].1 Ref. [22].] Ref. [17]. Ref. [23].! Ref. [24].™ Calculated from log™yH2O(L) of 19C6 and 18C6 determined in this studly.
Calculated from logty H20(L) of 19C6, 18C6, and B18C6 determined in this study.
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is more effectively decreased in the DMF/ and DMS@iHsystems than in the
others owing to the increasing flexibility of the dibenzo crown ether ring. This is
responsible for the fact that the difference between experimental and calculated
log StyH2O(L) values increases from DB18C6 to DB30C10 whar<PDMF and
DMSO.

3.3. TRANSFER ACTIVITY COEFFICIENTS OF CROWN ETHERMETAL ION
COMPLEXES

The logSyS2(ML ™) value is calculated by Equation (8).

log™ y2(ML*) = (log Km)s, — (Iog KwL)s, 4 10g% y2(L) + log™ y =2 (M),
(8)

where Sty (ML *) and Sty $2(M™) designate transfer activity coefficients of a
crown ether-monovalent metal ion complex and a monovalent metal ion between
S, and S, respectively; (logKw)s denotes logKy, in a solvent S. The log
SyH20(ML*) and logSy "2°(M ™) values at 25C are compiled in Table V.

The logSyH20(ML*) of 19C6 for a given solvent varies with the alkali metal
ion. The same is true of 18C6. This shows the interaction of the Mamplex
with solvents depends on the alkali metal ion held in the cavity. It is interesting
that, for 19C6 or 18C6, much the greatgsig® y "2°(MpL ) — log® y"2O (ML ™)
value is found for the case of M= Li and My = Na in a given solvent, although
ther.(Na)k.(Li) ratio is nearly equal to the.(K)/r.(Na) ratio, where M and M,
denote neighboring alkali metals in the periodic table, and tfjeidvi is larger in
size than the M ion. The interaction of the ML complex with solvents is more
strongly affected by the smaller cation held in the cavity. Tlog®y™2°0(M,L*)

— log®yH29(M,L™)| of 19C6 is larger than or nearly equal to the corresponding
one of 18C6, except for the case of M Li, M, = Na, and S = PC. 19C6 shields
the alkali metal ion in the complex less effectively than does 18C6.

The log SyMP(ML*) — log® y"2°(M+) value of a given alkali metal ion for
19C6 decreases in the order ANPC > CH3;0H > DMF > DMSO. A similar
tendency is found for 18C6. This shows that the alkali metal ion which is more
strongly solvated in water than in the nonaqueous solvent increases its lipophilicity
upon complexation with 19C6 or 18C6, and that the contrary holds. When S =
AN, PC, and CHOH, because the alkali metal ion is more strongly solvated in
water than in AN, PC, and GJDH, the logSy™"2°(ML*) — log® y"2°(M*) value
is positive owing to the greater desolvation effect of the ion in water upon com-
plexation compared with AN, PC, and @GBIH. The alkali metal ion in DMSO
undergoes much stronger solvation than in water, resulting in the negative log
DMSO,), H0(ML*) — log PMSOy,H20(M+) value because of the greater desolvation
effect of the ion in DMSO upon complexation compared with water.



Table V. Transfer activity coefficients at 258C

S= AN PC CHOH DMF DMSO
Iog SyHZO(M+)a
Lit —4.3 —4.F —0.7° 1.7 2.6°
Nat -23 —2.9 14 1.7 25
K+ -1.3 -1.5 -1.7 1.8 2.2
Rb+ -11 -1.2 -17 1.9 2.0
Csh -0.8 —0.9 -16 1.7 2.3

19C6  18C6 19C6  18C6 19C6  18C6 19C6  18C6 19C6  18C6
log Sy H20(L) —0.64 —0.974€ —0.98 -1.34¢ —1.09 -—1.66 —1.02 -1.80 —1.11 -—2.58€
|OgSyH20(ML+)
Lit -2.0 -1.9 -37 -31 - - - - 2.5 -
Nat 0.4 0.6 -03% 0.6 -06 0.6 - 1.6 - 0.6
K+ 1.4 1.4 0% 13 02 07 2.1 2.3 1.8 0.9
Rbt 1.0 1.6 0y 1.2 —04 04 1.8 2.5 1.3 1.0
Cst 1.1 1.6 03 12 -04 05 1.9 2.6 2.0 1.8

a Ref. [12].b M. K. Chantooni, Jr. and I. M. Kolthoff). Chem. Eng. Dat&5, 208 (1980)° B. G. Cox, G. R. Hedwig, A. J. Parker, and D. W.

Watts:Aust. J. Chem27, 477 (1974)9 Ref. [19].© Ref. [17].f This study.
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Although 19C6 is always more lipophilic than 18C6, the 19C6-alkali metal ion
complex is more hydrophilic than the corresponding 18C6 complex except for the
case of S = DMSO. It follows from this that 19C6 screens the alkali metal ion in
the complex from solvents less effectively than does 18C6, and that dehydration
of 19C6 on complexation with the alkali metal ion in water is less efficient than
that of 18C6, owing to the less symmetric arrangement of the donor oxygen atoms
of 19C6 for the alkali metal ion. When S = DMSO, the effect of the interaction
with DMSO of the alkali metal ion in the 19C6 complex surpasses the dehydration
effect because of the greatest solvation ability of DMSO, resulting in the higher
lipophilicity of the 19C6 complex ion compared with the corresponding 18C6 one.
It has been reported that 16C5 is more lipophilic than 15C5, and that, even when S
= AN, PC, and CHOH, the 16C5 complex with the alkali metal ion is also more
lipophilic than the corresponding 15C5 one [7]. The higher lipophilicity of the
16C5 complex ion is attributable to the favorable arrangement of the donor oxygen
atoms of 16C5 for the alkali metal ion despite the extra methylene group.

When S = AN, PC, and C¥DH, the logSyH2°(ML*) value is larger than the
corresponding logy"2°(L) value except for the case of ME Lit. Although the
alkali metal ion is more strongly solvated by water than by AN, PC, og@iHi,
when 19C6 or 18C6 forms a complex with the alkali metal ion, the complex ion
becomes more soluble in the nonagueous solvents than in water, compared with
the crown ether itself. The higher lipophilicity of the complex ion compared with
the uncomplexed crown ether is due to an enforcement of the hydrogen-bonded
structure of water for the bulky complex ion caused by the greatly decreased hy-
drogen bonding between ether oxygen atoms and water upon complexation. The
Lit ion is much more strongly solvated by water than by AN or PC compared
with the other alkali metal ions. Thus, the effect of the possible strong interaction
with water of the Li ion in the crown ether complex exceeds that of the greatly
reduced hydrogen bonding, leading to the smallePlgdg®(ML +) of Li* than the
corresponding logyH2°(L) for S = AN and PC. For DMF and DMSO, the log
SyH20(ML *) value is larger than the corresponding fg™2°(L) value. The log
SyHO(ML+) — log Sy™2°(L) value of DMF or DMSO for a given alkali metal ion
is much greater than that of AN, PC, or gbH. This is ascribed to the possible
stronger interaction with DMF or DMSO of the alkali metal ion in the crown
ether complex because the alkali metal ion is much more strongly solvated by
DMF and DMSO than by water compared with AN, PC, and;OH. The above
discussion strongly supports the foregoing conclusion that the hydrogen bonding
between ether oxygen atoms of 19C6 or 18C6 and water causes the unexpectedly
lowest stability of the 19C6- or 18C6-alkali metal ion complex in water among
all the solvents. The logy™°(ML*) — log SyM2°(L) value of 19C6 is always
smaller than the corresponding 18C6 value. This shows that dehydration of 19C6
on complexation with the alkali metal ion in water is less efficient than that of
18CE6.
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