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ABSTRACT. THF-based crown-4 of 16-membered rings having tetrahydrofuran unil was
synthesized by an acid-catalyzed condensation of furan and acetone followed by hydrogenation in an
effort to obtain highly selective ionophores for lithium ions. The new ionophore was compared with
previously reported ionophores under similar measurement conditions with the same plasticizer, tris
(2-ethythexyl) phosphate in poly(vinyl chloride)(PVC) membrane electrodes. Separate solution method
was used to determine relative selectivity coefficients for the electrode. The selectivity coefficients(K i)
of lithium over ammeonium, alkali and alkaline earth metal ions go from about 2.4 X107 to 2.3X107¢
to working range and pH dependence have also been studied.
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. Introduction The

until now is their unsatisfying selectivity especially

main problem of the Li+-ionophores published

Much attention has been paid to the lithium

jon-selective electrodes for environmental and biologi-
cal applications. Several neutral! carriers for Li*-selec-
tive electrodes have been reported so far, such as crown
ethers, noncyclic polyethers, and so on.!»?2

Lithium selective electrodes are of great interest for
the direct potentiometric determination of Li+* ion in
whole blood during the lithium therapy of patients suf-
fering from manic-depressive psychosis, where a Li+ -

concentration in blood of 0.8 to 1.0 mM is required. 3-#

against Na+ which is present in a relatively high con-
centration of 86 mM in blood. s

During the search for more appropriate carriers, an
interesting class of lipophilic compounds derived from
THF-containing fragments was designed (Figure 1).
The ubiquity of THF unit in the naturally occuring
antibiotic ionophores(e.g.,monactin, nigerisin, and
monesin contain tetrahydrofuran) encourage this pur-

pose. Tetrahydrofuran unit is expected to have a poten-
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tial utility as a macrocyclic chain component because
of its greater donor ability as well as its hydrophilic
and lipophilic balance.

We have investigated the complexing ability between
Li+ and the 2,2,7,7.12,12,17,17-octamethyl- 21,22,23,24-
tetraoxaperhydroquaterene(THF-based Crown-4, Fig-
ure 1)by 'H, 3C and "Li NMR spectroscopy.®

In this PVC membrane

electrodes based on THF-based Crown-4 exhibit good

paper we report that

selectivity for Li~ over other alkali and alkaline earth

metal ions.
{I. Experimental

Chemicals. Solvents were dried and purified by
refluxing over a suilable drying agent, followed by dis-
tillation under a N: atmosphere. Ethyl acetate, THF
and pyridine were distilled over CaH:, Na and KOH
respectively. Water was deionized and distilled over
KMnQs. Alkali and alkaline-earth metal chlorides were
analytical grade. PVC(secondary standard) and tris(2-
ethylhexyl) phosphate were purchased from Aldrich
chemicals and used without prior purification.

Aparatus. Infrared spectra were recorded on a
Perkin-Elmer 457 grating spectrophotometer. Melting
points were determined on a MP melting point
appratus. Mass spectra were measured at AEl MS 902
mass spectrometer. 'H NMR specira was recorded on
a Bruker WH-300 spectrometer. Chemical shifts(é
/ppm) are measured relative to SiMes.

Conductivity measurements were performed on a
PTI-18 TLC and
chromatography were performed utilizing aluminium
sheets silica gel 60 F2s4(E. Merck) and 70-230 mesh sil-
60(E. Merck).
performed by Oxford microanalytical service.

Syntheses of lonophore. 2,2,7,7,12,12,17,17-octamethyl

conductivity meter. column

ica gel Elemental analyses were

-21,22,23,24-tetraoxaperhydroquaterene. The compound
was prepared by condensation of furan with acetone in
ethanol, as described by Heualy and Rest.” Catalytic
hydrogenation in THF over Pd/C(140°C, 120 atm, 20h)
product. The product was

gave the crude

chromatographed(70% hexane-toluene) lo give a white

A

A

which is possibly mixtures of
configurational isomers: m.p. 207~209°C(lit.'2207~
210°C). Anal. Caled. for CsHa20a: C.74. 95: H, 6.43.
Found : C, 74.65; H, 10.80.; ir(KBr) 3096. 1558, 1210
and 1027(C ~0O —C), 957 and 779 Cm 2.

Electrode system. Measurements were performed by
the use of the following cell : Hg : Hg2Clz, KClisat, d} |
sample solution | PVC membrane | 0.1 M LiCl. AgCl

. Ag. EMF measurements were made at 257, using a

solid  product

pH/mV meter of high input impedance in combination
with a recorder. Sample solutions were magnetically
stirred and kept in a double-wall glass container con-
nected with a circulating bath.

Membrane Preparation. The typical procedure for
membrane preparation is as follows: PVC(180mg),
tris-(2-ethylhexyl) phosphate(350mg) and neutral carrier
(8.5mg) were dissolved in 10m/ of THF. This solution
was then poured into a flat petri-dish of 40mm inner
diameter. Gradual evaporation of the solvent at room
temperature gave a transparent, flexible membrane of
about 0.2mm in thickness. A disk of 8mm diameter
was cut with a cork-borer and soaked in 0.1M LiCl
solution for 24 hours. The disk was then inserted into
the elecirode assembly.

Potentiometric  Selectivity Coefficients. Selectivity
coefficients were determined by the separate solution
technique on 107 !M aqueous solutions of the chlorides

using the Niclosky-Eisenman equation?:

pot (E ~E.F ;)
log kliy = 23IBRT log an'., + loga,,.

where R = gas constant, a = ion aclivities, T = absol-
ute temperature, z = charge of the interfering ion, F =
faraday constant, E1 = EMF of the cell assembly, the
sample being a LiCl solution of analytical concen-
tration 107'M, Ez = EMF of the cell assembly. the
sample being a 10"'M solution of the chloride of the’
interfering cation.

The activity coefficient 3 were calcurated by using
the following equation based on the Debye-Huckel the-

ory®:
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logy = —0.509( 1) / (1 + 12)

where I denotes the ionic strength. Some of the exper-
imental values of activity coefficients in the literature!®
were also employed.

Conductivity The

measurements were carried out at 17 +0.1 T with

Measurements. conductivity
use of a conductivity cell with a cell constant of 0.
098 em™!. The follow: An
ethylacetate solutions of the LiCl04(5.6x10"") and
NaClO4(4.8 x10°*) was placed in the cell and the

specific conductivity of the solution was measured.

procedure is as

A stepwise increment in the ligand concentration
was obtained by addition of a ligand solution(3 x
10-3M) to the cell with a microburette. In order to
keep the salt concentration constant during the ti-
tration, the ligand solution contained the same con-

centration of salt as the initial salt solution.
M. Results and Discussion

The lithium selectivities of the crown ether, 2.2,7.7.12,
i2,,17.17-octamethyl-21,22,23,24-tetraoxaperhydroquat-
erene{ I (THF-based Crown-4, Figure 1) were evalua-
ted as potentiometric seleclivity coefficients of poly-
meric membranes based on them. For comparison, 3,3,
7.7.11,11,15,15-octamethyi-1,5.9,13-tetraoxacyclohexad-
ecane( [l (OM-16-crown- 4, Figure 1)'! and glass elec-
trode!? were also empolyed. The polymeric membrane
consists of poly(vinulchlorideXPVC) as the support,
tris-(2-ethylhexyl) phosphate(TEHP) as the membrane

solvent, and a crown ether as the ionophore.

Figure 1. Structure of the THF-based Crown-4(1) and
OM-16-crown-4(1l)

Vol. 3. No. 1, 1992

The response of the membrane electrode to akali and
akaline earth metal ions using THF-based Crown-4( 1)
as the neutral carrier is shown in Figure 2. The EMF
readings are not corrected for changes in the liquid
in the EMF

readings should be comparable to those estimated by

junction potential. The uncertainties
orthers using the same kind of experimental set up.'!

As shown in Figure 2, the response is linear over the
activity range nearly 10°¢ to 1077 M for Li*, with
nearly Nernstian slope of 59 mV per activity decade at
25C. The membrane can also be used at lower
concentrations. The electrodes also react in a near
Nernstian fashion in different concentration regions for
H*, NHs*, Nat and K.
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Figure 2. EMF response of cell to aqueous solutions of the
chlorides of H*, NHa™, alkali and alkaline earth metal ion
using THF-based Crown-4 as a membrane component.

Selectivity coefficients obtained by the separate sol-
ution technique on 107! M solutions of the chlorides
are indicated in Figure 3 together with results from a
glass electrode!! and investigations by J. Krane et al.!!

on their neutral carrier PVC membrane electrode. The
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Figure 3. Selectivity coefficients, log Koy for PVC-TEHP
membrane of carrier 1 and [(ref. 11). Column II: glass
clectrode(ref. 12). The values in column 1 and I were
oblained by the separate solution technique on 107'M

solutions of the chlorides.

selectivity coefficients are listed in Table 1.The present
electrodes based on the neutral carrier give better selec-
tivity for lithium to sodium than can be obtained with
the glass electrode, but the selectivities are similar to
those found by J. Krane using the neutral carrier,
OM-16-crown-4.

Figure 4 shows the EMF response for different lith-
ium cholride solutions as a function of pH. The re-
sponse are constant in a wide range of the pH scale,

Table 1. Comparison of Selectivity Coefficients, K, ;; P (j;
interferring ions) of Li™-Selective Electrodes Based on
PVC-TEHP® Membrane of 1 and 11"

carrier H

interferring carrier [

ion Kiim 1/Kiim Kim 1K i
Li 1.0 1.0 1.0 1.0
H* 8.9 0.1 35 0.3
NH,* 241071 4 32X 107 3
Na™ 8.9x10°2 11 9.9x107? 10
K* 3.0x10°2 33 29%1072 35
Rb* 1.6x10°2 63 1.5%10°2 67
Cs?* 9.4x1073 106 1.4%10°2 72
Mg?* T.1x1074 1386 3.5%1073 286
Ca%* 4.5x1073 223 9.5%x1073 105
Sr2+ 29x1074 3417 9.5%x10°4 105
Ba?* 2.3x1074 4437 1.6x1073 625

a) TEHP;tris-(2-ethylhexyl)-phosphate, b) reference 11

EMF 220 |
(av)
180 |
\N 10'm
10|
10'm
100 | > o— - o———0 PN
6o 10°M
20 1 i 1 ) i 1 1 1 1
2 3 4 5 6 7 8 9 10 1"

pPH

Figure 4. EMF response of cell for different LiCl concentrations as a function of pH. THF-based Crown-4 used as mem-

brane component, HCl and KOH used to change the pH value.
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but at low pH values there is serious interference with
H* ions. This is to be expected according to the selec-
tivity coefficients measured in 107'M solutions(Figure 3
and Table 1).

In order to get some information about Li* selec-
tivity over Nat of THF-based crown-4 in a bulk
phase, attempts were made to determine the stoichi-
ometry of the THF-based crown-4 for perchlorates of
Li* and Nat in ethylacetate(Figure 5). Inspection of
Figure 5 showed that for THF-based crown-4 the
equivalent conductance of LiClOs was increased as the
concentration of crown ether increased. This is in
marked contrast with the results for the addition of the
crown ethers to ethylacetate solutions with sodium
percholrate, where a little change is seen in Figure 5.
Since in nonpolar solvent as ethylacetate lithium per-
chlorate either can by solubilized as Li*-ionophore
(THF-based Crown-4) complex, or if in solution, exists
as nonconducting ion pair, the addition of a crown to a
solution of lithium perchlorate in ethylacetate results in

an increase in the conductance until the stoichiometric

mole ratio is followed by a plateau. The stoichiometry
for the Li*- ionophore complex was 1:1.

On the contray, the conductivily changes were so
small on stepwise addition of ligand to a sodium per-
chlorale ethylacetate solution that an accurate value
could not be obtained. Thus , this result regarding
complex formation in the bulk phase has again con-
firmed to us the excellent Lit selectivity of the
THF-based Crown-4 ionophore.

The interaction of the ion with the ligand can be
observed by the NMR spectroscopy (Figure 6). Figure 6
shows the 300 MHz 'H spectra of the THF-based
Crown-4 and its Li* complex in chloroform solution.
A broad peak at 6=3.2~3.8 ppm is due to the 8§
oxymethine protons and at 6=1.3-~2.4ppm is due to
the 16 methylene protons on the THF rings(Figure 6
(a)). Several sharp resonances around | ppm are due to
the 24 methyl protons. The four subunits are magneti-
cally not equivalent and several geometric isomers are
possible. Corsini and Panoyan!3 have ovserved coalesc-

ence of the methyl signals above 66°C. This observation”

130

L S
~O- O~ —0 NaClOs
i 1 1 [l L i
0.5 1.0 1.8 2.0 2.5 3.0 3.5
{L}7{M} Mole Ratio

Figure 5. Plot of equivalent conductance A vs. the ratio of THF-based Crown-4( I) to LiClO4(5.6 X 1074) and NaClOa(4.

8 107%) in ethylacetate at 17+0.1C.
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suggests that the methyl groups are in different confor-
mation, at a rate which produces a single time-averaged
signal in the NMR spectrum.

On formation of the lithium complex(Figure 6(b)),
the oxymethine protons give rise to only one resonace
at & = 3.8, indicating that they have become magneti-
cally equivalent and the shifts due to complexation.
This observation indicate that only one geometrical iso-
mer(all cis-isomer) complexes with lithium. THF-based
Crown- 4 has a cavity radius nearly equal to that of the
unsolvated lithium ion. It is expecled, therefore, that
very stable lithium complexes are formed.

The Li-7 NMR studies for lithium complexation
with THF-based Crown-4 has been carried out in the
preceeding article.® In cases for Li-7 NMR resonance
of the complexation with THF- based Crown-4( 1), in
contrast to the OM-16-crown-4(11)!4, the exchange

between the free and complexed lithium ion was slow

CHC13

or.

on the NMR time scale, and two NMR signals were
observed at 291 K. On the contrary, Na-23 NMR res-

onance for sodium ion complex with THF-based

Crown-4 produced no measurable chemical shift
changes.
The formation constant{(Ks) for 1:1 complex in

chloroform which obtained by Li-7 NMR method was
around >10* for Lite,

Althougth the theoretically required selectivities in
respect to Na™ are not reached, a practical application
using adequate calibration solutions seems possible. be-
cause the blood concentratlions of these ions can be
expected within  narrow limits. Futlure sensor
applications of the THF-based crown-4 derivatives re-
quire further optimization of their selectivity and affin-
ity for Li* ion.

These results might be the first indication of the ulti-

mate use of redox-active crown ethers in sensor

-CHq

-CH- -CHy-

(b)
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Figure 6. '"H Nmr spectra (300 MHz) of THF -based Crown- 4(a), and in the presence of the LiClO«(b) in CDCls.
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elements and the manufacture of ion selective

electrodes and lithium batteries. Other applications can
be the extraction of lithium from sea water and waste
brines.
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