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The ammonium ion-selective electrodes (NH., -ISEs) based on the tetrahvdrofuran(THF)-containing-16-
crown-4 derivatives. 1.4.6.9.11.14.16_19-tetraoxocycloeicosane (L') and 5.10.15.20.-tetramethyl-1.+.6.9.11.
14.16.19-tetraoxocycloeicosane (L*). were prepared and the electrode characteristics were tested. The
conditioned NH; -ISEs (E1) based on L! with TEHP as a plasticising solvent mediator gave best results with
near-Nernstian slope of 33.9 mV/decade of activity, detection limit of 10 ' M. and enhanced selectivity
coefficients for the NH,* ion with respect to an interfering K™ ion (log A"\p -1+ = -1.84). This result was
compared to other anunonium ionophores reported previously, for example. that of nonactin (log A™'\ ;- 1 =
-0.92). The proposed electrode showed no significant potential changes in the range of 3.0 <pH < 9.0.
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Introduction

From the clinical and envirommental viewpoints. a
convenient and exact determination of NHy™ ion in river
water and urine samples is eagerly desired.'” One of the
most effective NH;™ 1onophore 1s nonactin (Fig. 1), a natural
antibiotic agent that is practically only cmployed ionophore
in NHy-ISEs at present.™ However. the selectivity of
NH,"-ISEs based on nonactin is poor for NHy" relative to
K (log K™y 0 = -0.92)." therefore, the NH," ion camnot
be discriminated effectively from the K™ ion. This limits its
application to a low salt emvironment and produces the need
for other treatments (o avoid interference with K™ ion >!!
Recently. some efforts to find suitable NH;™ ionophores
were successful.'="® For examples. 20- to 2l-membered
crown ethers with bulky blocking subunits'™'® and tripodal
receptors with pyrazol end-groups'’ have been shown to be
comparable or even superior to that of nonactin. But so far it
15 also truc that there 1s no practically successtul 1onophore
for NHy™ except nonactin till now.

On the other hand. we have reported that THF-containing
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Figure 1. Chemical structures of the T111-containing crown cther-
type ammonium ionophores (L' and L?) and nonactin,
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crown cthers with small substituents (R=CHa. R'=H) at four
bridged meso-carbon position show excellent sensitivity and
selectivity for Li* ion.""~" In the course of our consecutive
works for the Li* ionophores. we realized that the analogue
with methyl groups (R=R'=CH;) exhibited vers high
interference bv NHy™ ion.' This result motivated us to
require further examination and then we became nterested
in the THF-containing crown ethers in the view of the
development of new candidates for NHs" ionophores. In this
standing point. we hy pothesized that the bulkiness of meso-
alkyl groups. which is related to the steric hindrance on
complexation could be an important factor in an effective
NH;' ion sensing. Of course. there has been no attempt to
measure the NHy™ responses by using the THF-containing-
16-crown-+ derivatives.

The present ligands L' and L? (Fig. 1) were chosen by
keeping this aspect in mind. Herein. we report the electro-
chemical characteristics of the NH; -ISEs based on these
maitcnals against the alkali and alkaline carth metal 1ons. and
the effect of membrane composition and pH on the electrode
Tespollses.

Experimental Section

Chemicals. Poly(vinyl chlonde) (PVC. sccondary standard)
was product of Aldrich (Milwaukee). and tris(2-ethy lhexy|)
phosphate (TEHP). diocty! phenylphosphonate (DOPP). and
potassium tetrakis(z-chlorophenyl) borate (K'1pCIPB. purum
p.a.) were purchased from Fluka AG. The electrolyte solutions
for thc potcntiomctric mcasurcments were preparcd with
doubly distilled water and chloride salts of high purity
(Merck. pro analvsis). THF was dried and purified by
refluxing over sodium metal followed by distillation under
N- atmosphere.

Synthesis of THF-containing 16-Crown-4 Drivatives.
1.1I'-Mcthylenebis[S-(furfuryl)furan (1) and L? were prepared
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Table 1. Composition of membranes and response characteristics as NI, -1SEs

Membrane mass composition/wi%

Slope

Elcetrode type

Detection limit (M)

[onophore Matrix Plasticizer Additive* (mVidecade)
Cl L' PVC TCEHP KTpCIPB 32.4 53.9 107"
1.39 328 65.4
C2 L' PVC DOPP KTpCIPB 32.4 50.8 1078
1.38 328 65.1
C3 L’ PVC TCEHP KTpCIPB 31.8 50.1 108
.44 33.0 63.8

*mole % with respect to the ionophore.

according to the procedure reported previously,”!

1.4,6,9,11,14,16,19-tetraoxacycloeicosa-1,3,6,8,11,13,16,
18-octane (2): To an ice-cooled mixture of 0.31 g (1.0
mmal) of 1, 0.09 ml. of dimethoxymethane and 100 ml. of
dichloromethane, 0.3 ml. {2.4 mmol) of boron trifluoride-
diethyl ether was added dropwise. The addition required 30
min and the reaction was continued for 2 days at room
temperature, then extracted with diethyl ether, washed with
10% NaHCO:, dried {MgSQy) and evaporated, The resulting
solid was recrystallized from toluene twice to obtain 2 as
white crystals in 6% yield.

1.4,6.9,11,14,16,19-tetraoxacycloeicosane (L'): A mix-
ture of 0.5 g of 2 and 200 mg of 10% Pd‘C in 100 ml. of
tetrahydrofuran was pressured in a Parr reactor with
hydrogen to 6 atmn, and heated at 100 °C for 2 days, After
removal of the catalyst by filteration and evaporation of
solvent, the crude product was chromatographed using
chloraform to obtain L' as white crystals in 50% yield: mp
13-14°C, "TH NMR (CDCls): 8 3.60-4,08 (m, 8H), 1.81-2.05
(m, &H), 1.19-1.79 {m, 16H). IR {KBr) 2995, 2950, 2890,
1420, 1330, 1084, 1025 cm™. Anal. Caled for CagH04: C.
71.39; H, 9.59; found: C, 70.57, H,9.21,

Preparation of Membranes and Electrodes, The elec-
trode membranes of PVC matrix type were fabricated by the
method as reported earlier,”** The membrane compositions
were basically 1.5 wt% of ionophare, ~33 wt% of PVC and
~65.5 wt% of plasticizer (TEHP and DOPP), and an
adequate amount of K[pCIPB (~30 mol% with respect to
the ionophore) was added as an anionic additive. Table [ lists
the composition of membranes (E1-E3) with ionophores and
plasticizers. The membrane components were dissolved in
freshly distilled THF which was then poured into a glass ring
(d = 3.5 cm) fixed on a glass plate. After standing for 24 h, a
homogeneous PVC membrane of ~0.2 mm thickness was
obtained. The prepared membrane was cut as circle with a
diameter of 3.5 mm, which was mounted in lab-made Ag/
AgCl electrode body or Philips 18-561 electrode body
(Glasblaserei Moller, Zurich). After filling internal solution
of 0.1 M NH,CI, the electrode was conditioned for 24 h by
soaking in a 0.1 M NH,Cl solution.

Potential Measurements. ‘T'he electrochemical cell for
the EMF measurements was as follows:

Ag: AgCli3 M KCIA.1 M NH4Clisample solution/PVC
membrane/0.1 M NH,CliA2Cl: Ag

EMT was measured relative to a Ag-AgCl double-junction
reference electrode (Orion 90-02-00) using a digital pH/
potentiometer (Orion 7204). All measurements were carried
out at 25.0 £ 0.1 °C. Potentiometric selectivity coefficients,
K qy- 1 were determined by the separate solution method,
which is one of the methods recommended by [UPAC,* on
0.1 M aqueous solutions of the chloride using the Nicolsky-
Eisenman equation. The detection limits were also estimated
according to the method suggested in [UPAC recommen-
dation.*

Results and Discussion

Electrode Properties. Tigure 2 shows the calibration
graphs of the electrodes F1-F3 (see Table 1) made from L',
L%, TEHP, and DOPP together with constant amount of
KTpCIPB and PVC. Calibration graphs were obtained by
measuring  known amount of ammonium chloride and
plotting the concentrations against the corresponding EMF
values obtained. The response characteristics of these
electrodes are summarized in Table 1 with their com-
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Figure 2. Potential responses of the THF-containing crown cthers-
based NH.™-1SEs: () E1. (7 ) E2 and () E4 in Table 1.
respectively.
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Figure 3. Sclectivity coellicients. log A% a for the NH-ISFs based on L'-L? and nonactin for comparison.

positions. [t was found that the potentiometric responses of
El (L) and T3 {L?) with TEHP and [2 (L") with DOPP
gave the response of 539, 50.1, and 50.8 mVidecade,
respectively (Table 1 and Fig. 2). It is interesting that the
electrodes made trom L' {I1 and F2) show better response
slopes, range of linearity, and detection limit than those of L
(F3). The higher sensitivity of L' on ammonium ion could
be explained by the bulkiness of substituents, R on four
bridged carbon position (L'; R=H, L?; R=CH3). The origin
of ammonium sensing with many ionophores is known that
the tetrahedral NHy™ tends to form H-bonds with negatively
polarized ether oxygen atoms from the preorganized
ionophores. The larger methyl group in L? may hinder, at
least in part, the complexation of ammonium ion such that
L' shows superior sensitivity than that of L%

lon Selectivity. The EMT values of the NH4™-ISEs based
on L' and L? for alkaline, alkaline earth metal, and Mn*
ions were measured, and the selectivity coefficients for the
NHy™ ion with the respective interfering ion were calculated
from separate solution method on 0.1 M solution of the
chlorides at 25 °C. The resulting selectivity coefficients of
the proposed electrodes are presented in Figure 3 with that of
nonactin for comparison. As expected, both of L' and L?
responded more selectively to NH,™ ion than to other ions
except for Li* ion. The NH4" is a univalent ion with an ionic
diameter 2.96 A.*® which can be compared with that of K*
ion (ionic diameter = 2.66 A”®). Therefore, as mentioned, the
low NHy /K" selectivity for most crown ether type-based
NH, -ISEs is due to the similar size of K* with NH,™ ion.””
Once again, the E1 based on L' with TEHP afforded better
selectivity than that of E2 or E3. Compared to nonactin (log
K™k = -0.92).%% the EI based on L' showed higher
NHy ™ selectivity of about 70 times over K™ {log K™y k- =
-1.84), while suffering from increased interference of other
ions including Na®. A similar selectivity of NHy™ over K*
was also observed with L, As a result, L' and L* with TEHP
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Figure 4. Etfcet of pH on the EMF response ot the NH,'-[SE (EL
in Table 1). HCl and NaOH were used to change the pH. {7 )
LOX 107 MO 31O 10 Mand (<3 ) L0 x 107 M.

suppress the response of K~ ion more markedly than
nonactin does.

As mentioned, NHy™ ion tends to form tetracoordinate
complexes, while K* ion tends to preferably form hexa-
coordinate complexes. [hus, the higher NHy"/K™ selectivity
can be explained that the ‘I'HF-containing-16-crown-4
having basic four oxygen atoms in THF units are expected to
form more stable complex with NH4™ than that formed with
K. The superior results for L' also suggest that the decrease
of steric hindrance of L' by introducing four tetrahydro-
furanyl oxygen could give a preferable geometry toward
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NH,~ than those of L? having methv] groups.® The most
interference of Li~ 1on for the THF-contaming-16-crown-4-
based NH,™-ISEs is due to the suitable 1on size of lithium 1on
and geometric structure of the lithium-ionophore complex as
previously reported. ="

The pH-dependence of the electrode was studied for the
pH range 2.3-10.0, adjusted by addition of hyvdrochloric acid
and potassium hvdroxide solutions having the same NH.
concentration as the test solution. The potentiometric re-
sponses of E| to different concentrations of NH4" at above pH
range are shown i Figure 4. E] shows constant potentials
between pH 3.0 and 9.0 in solutions which are 10~ M in
NH;™ solution. The response tunes for stable EMF readings
were obtained within 30 s in wide range of concentration.
Measurements were more stable with slow than with fast
stirring. After lengthy storage. the electrode was recondi-
tioned in 0.1 M NH;™ solution for one day before using,

Conclusion

We first report the NH,"-ISEs doped with the THF-
containing crown ethers (L' and L?) and considerable
response and selectivity toward NH;" are observed. The
electrode based on L' with TEHP exhibited the best results
in terms of sensitivity. detection lunits. and selectivity for
NH; with respect to other metal ions. Especially. the
proposed electrode afforded the higher NH,*/K™ selectivity
compared with that of the electrode based on nonactin. The
best performance of the L'-based electrode can be under-
stood that the bulky substituents on the bridged carbon of the
1onophores seem to prevent complexation between NH;™ and
1onophores by a steric hindrance. The results represent the
THF-contaiming crown ethers can be an alternative candidate
for the NH,™ ionophores. With further modification of the
1onophore structure. additional enhancement for the selectivity
toward NH,™ ion would be possible.
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