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Abstract

13-Membered azothia- and azoxythiacrown ethers have been applied as ion carriers in ion-selective membrane electrodes.
Their sensitivity and selectivity were studied towards alkali, alkaline earth, transition and heavy metal cations. It was found

that membranes doped with the azoxythiacrown ethgshow higher affinity towards Bty than C#* (log ng,th =1.7),

whereas membranes with the azothiacrown etBgate more selective towards &uthan PB* (log Kgﬁfpb =—-2.4). The

discrimination of alkali and alkaline earth cations was found to be great&rttoain forA. Electrodes with both ionophores
suffered from strong interference by Agind Hg+. The relation between the carrier structure and electrode properties has
been discussed.

Introduction azoxycrown ethers and their thia analogs are presented in
Figure 1.

Antibiotics, crown ethers and some podands are widely used

as ion-carriers in ion-selective membrane electrodes [1].

Azo- and azoxycrown ethers in membrane electrodes sh&wperimental

high sodium or potassium selectivity dependent on the size

of the macrocyclic unit. 13-Membered azoxycrown ethergigh molecular weight poly(vinyl chloride) (PVC),

I cause sodium over potassium selectivity of the respeglotassium tetrakis(4-chlorophenyl) borate (KTpCIPB),
ive membranes. Even more selective are azocrown carrigrgitrophenyl octyl ether (NPOE) and tetrahydrofuran
Il [2-4]. These crown ethers form complexes with metgrHF, distilled prior to use) were purchased from Fluka
cations engaging lone electron pairs of the oxygen atoms(&onkonkoma, NY). All aqueous solutions were prepared
oxyethylene units and one nitrogen atom of the azo growgth salts of p.a. purity using distilled-deionized water.

in the case of azocrowns, and the nitrogen or oxygen atom CompoundsA andB were obtained as described earlier
of the azoxy group in the case of azoxycrown ethers. For7.

qualitative correlation of complex structures and membrane

electrode selectivity cf., [5]. However, both classes of the§gambrane preparation

compounds showed higher silver selectivity [2-4]. Repla-

cing oxygen for a sulfur atom in the macroring of crowriy general, the polymeric membranes evaluated for ion re-
ethers increases their susceptibility towards heavy megﬂonse contained 1 wi% ionophor Or B), 30-33 wt%
cations with a simultaneous decrease of affinity to form corgn/c g6-67 wi%e-NPOE and various amounts of lipophilic
plexes with “hard” cations [6]. Recently we published thgnignic additives (for details see the Results and Discussion
synthesis of thia analogs of compouridmdll, namely the gection). The membrane components, total 200 mg, were
thiaazo- and thiaazoxycrown ethers [7]. Preliminary studiggssolved in 2 mL of freshly distilled THF. This solution was
evaluated their high sensitivity towards silver cations. Trﬁaced in a glass ring (24 mm i.d.) over a glass plate. After
aim of this paper is detailed evaluation of the propertigs,anoration of the solvent overnight, the resulting membrane
of azoxythiacrownA and azothiacrown etheéB as cation 55 peeled from the glass mould and discs of 7 mm i.d.
carriers in membrane electrodes. Structures of the azo- ggre cut out. Membrane discs were mounted in conventional
ISE electrode bodies (Type IS 561; Philips, Eindhoven, The
*Author for correspondence. Netherlands) for electromotive force (EMF) measurements.
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ﬁ o /\ ﬁ o /\ ions in the sample and organic phase of the polymeric mem-
o o o 0 brane [11]. However, for a polymeric matrix containing the
o N y same plasticizer, the differences in the selectivity pattern ob-
N F NF served for different carriers are related to their ability to form
R (l)@ R R R complexes with cations.
I i Figure 1 shows the structures of the examined 13-
membered thiacrown ethers. In compound A the macro-
cyle contains the —N(O)=N— group, while compouBd

contains the —N=N— group. The carrier properties of
compoundsA and B have been tested using ion-selective

K\ o /\ |/\ o /\I
S (o} S o
© electrodes with plasticized PVC membranes (R¥SPOE
N nFN =1:2).
A B

c'ﬁ The selectivity is one of the most important characterist-
ics of a sensor. Very recently, a new procedure of selectivity
coefficient determination was published by Bakker [9]. This
Figure 1. Structures of azoxy- and azocrown ethérarfdll ) and their thia procedure involves conditioning the electrode membrane in
analogs A andB). L . .

discriminated ion solutions before measurements and en-

sures response even for significantly discriminated ions and
Potentiometric measurements allows determination of unbiased selectivity coefficients.

This method was chosen for the evaluation of the selectivity
All measurements were performed at ambient temperatyygttern in our studies.
(22+ 1°C) using a galvanic cell of the following type: In a preliminary experiment the sequence of cations
(starting from the most discriminated one) for more detailed
selectivity studies have been investigated. The solutions of
nitrate salts of C&-, P, Cdt, C&t, Mg?t, Cst, K+,

The bridge electrolyte consisted of 1 M lithium acetatd¥a” and Li* ions were examined. It was found that'Li
Unless otherwise stated, 0.01 M NaCl solution was us&#+ and Na ions belong to the group of ions most dis-
as the internal filling solution for the assembled electrodegfiminated by the studied crown ethers. 0.01 M solutions
Electrodes were conditioned in 0.01 M Napl®olution ©f sodium salts have been chosen to prepare the condition-
overnight before measurement. ing and inner filling solutions. The examined electrodes

The EMF values were measured using a custom makgsponded toward ions in the 15-10-2 M concentration
16-channel electrode monitor. Details of this equipmer@nge with slopes of 24—-28 mV/dec for divalent and 48-51

CsHi7 CsHi7

Ag/AgCl / 3 M KCI / bridge electrolyte / sample // ion-
selective membrane / internal electrolyte / Ag{Rg.

were described previously [8]. mV/dec for monovalent cations, except for'L§33 mV/dec
at 103-10"1 M range).
Selectivity coefficients It has been shown that for membranes based on neut-

ral carriers the addition of anionic additives is beneficial
Potentiometric selectivity coefficients were determined kiyy many respects, including the selectivity-modifying influ-
the separate solution method (SSM), according to a proceghce due to differences in the stoichiometry of the com-
ure established by Bakker [9]. Selectivity coefficients werglexes formed by the ionophore with primary and interfering
calculated according to equation 1, by using the EMF vatations and their charge [12, 13]. It was found that no
ues for the highest measured ion activities that belongsdignificant changes in selectivity values were observed for
the linear response range for a given ion (unless otherwig@mbranes containing carriér or B and 15-70 mol% or
indicated). 17-90 mol% (relative to ionophore) of borates, respectively.
At higher concentrations(120 mol% forA and 180 mol%
for B) of anionic additives, the membranes behave as a pure
) (1) cation-exchange system with the preference for more lipo-
philic over hydrophilic cations ([11]; see also column 1 in
o o _ Figure 2). This implies that forionophofethe predominant
Activity coefficients were calculated according  t9+.jonophore complex stoichiometry can be assessed as
Debye-Hiickel approximation [10]. 1:2 while for ionophoreB complexes C# : ionophore of
1:1 stoichiometry may be also considered. For further se-
) ) lectivity studies membranes containing 1 wt% of ionophore
Results and discussion and 20 or 40 mol% (relative to ionopho#e or B, re-

. o . .. spectively) of lipophilic anionic additives (KTpCIPB) were
Itis well known that a carrier incorporated into a plasticizeffrgpared. Values of the selectivity coefficients determined
polymeric membrane defines the selectivity of ion-selectiygy the membrane of chosen compositions roughly reflect the
electrodes. The selectivity coefficients reflect both the Sgsmpjexation selectivity of the ion carriers because in these

lectivity of the carrier and the ion-exchange process thakses 5 sufficient excess of ligand molecules is available in
occurs between the uncomplexed primary and interfering

log kP =
989 = "2 303kT e

uF(Es—Ep | ( aj
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5 Electrodes reported in the literature as®Pbor ClA-
4l +64 Hg  +17.7 Ag *1‘7’-2 gg selective suffer very often from strong interference byAg
] — Ag *7.1 Hg +6.7 Ag or Hg?t [1, 14]. The evaluation of crown ethefsandB has
3 +4.4 K been extended for these ions in independent experiments,
- using fresh membranes. Sets of calibrations for NE+,
24 Cs— —H — H Hg?t, and Na, 12, Agt were carried out foA (I12+ =
1_' —_ — Na PE*) and B (Bt = Cu?t). The results obtained revealed
o - K Fhat Agt and Hgt ions are exftrgmely p.re.ferred ions by both
83 01 Cq = Cu — Cu — Cu ionophores. However, sellectlwty coefficients determined for
Y - Ca - P_b the azoxy- derivativd with Ag* and Hg* are lower by
o -1- - Cs : Li several orders of magnitude than for the azo- derivaive
o ] — Mg —_— &‘,’ Moreover, the azothiacrown ethBrshows stronger affinity
'2'_ Na =— ) — Pb - Mg for silver than for mercury ion, while a significant preference
3- — U for mercury over silver ion can be noticed far
1 — K The observed changes in selectivity pattern, induced by
-4 - = Cd ligands that differ only in the presence of an azo- or azoxy-
] - Na group in the ring, can be explained by Pearson’s Hard-
‘5'_ — L Soft Acid-Base theory [15]. According to this principle, it
6- Ca mmm Mg could be expected that replacing a hard oxygen donor atom
by a soft sulfur donor atom in azo or azoxycrown ethers
A B blank might lead to increased selectivity towards softer cations.

ot Indeed, it has been already reported [2] that 13-membered

Figure 2. Selectivity coefficients, log |y, of plasticized poly(vinyl azocrown ethers exhibit sodium selectivity. Selectivity coef-
chloride) membranes containing as a carrier azoxythiacrown eéther ficients (|0 KDOt
9K N

azothiacrown etheB and/or ion-exchanger KTpCIPB; PV&ENPOE (1: 2) ; a,.J) for other alkali, alkaline earth, Iﬁb
membranes with: 1 wt%4 and 20 mol% KTpCIPB (column 1); 1wt® and Cé#* ions were found to be lower thar2. Their
and 40 mol% KTpCIPB (column 2); 1 wt% KTpCIPB (column 3). Mem-azoxy-derivatives behaved similarly, however, a pronounced
branes were conditioned in a discriminated ion solution (0.01 M Ng)NOincrease of selectivity coefficient values was observed for
before measurements. . .
Cs', KT and R ions. It should be noticed that these com-
pounds showed similar, high Agselectivity (IogKﬁ‘:Ag ~
+3), although the softness of the azo- group is greater than

the membrane for divalent as well as for the monovalent iof2&t Of the azoxy unit. In addition, the azoxy unit could bind

independently of the stoichiometry of the complexes forme@ cationvia the nitrogen or oxygen atom [5, 16]. X
The potentiometric ion selectivities (given as Iﬁﬁj’t, In our case the inverted selectivity pattern for’Cus.

n . _ ]
where | stands for B or CLZ* for ionophoreA o B, re- PE** ion (C2t is a softer acid than Pth) and, to some ex

2+ i
spectively, and J stands for an interfering ion) are present:ent for Agh vs.Hg™", was observed depending on whether

d _ _
in columns 1 and 2 in Figure 2. Column 3 in Figure 2 repre'si?-1e harder —N(0)=N—A) or softer —N=N— ) electron

ents the selectivity for electrodes with PNENPOE-based donoris presentin the rr)acrocycle. .

. . o . As expected, conditioning of membrane electrodes in
membranes without ionophore and containing the Catl%%Iutions containing highly preferred ions can change the
exchanger KTpCIPB (blank membrane). g highly p g

A comparison of the selectivities of membranes bas?exlje ctrode performance. The temporal changes in poten-

U ) Iometric response of electrodes toward the examined cations
on azoxy- A) and azo- B) derivatives with those based on_ o presented in Figures 3a—c and 4a—c for ionophioeed
a classical cation exchanger indicates that both crown eth%rs

. o ) : , respectively. As can be seen from the calibration curves
induce selectivities that are dramatically different from the; . : : .

- - : Obtained during the very first contact with the preferred ion
selectivity based on the hydrophobicity of cations (columns

. - . curves 1 in Figures 3 and 4), all electrodes exhibited the
1 and 2 as compared with 3 in Figure 2). Moreover, it ca . . .
intermediate super-Nernstian response that can be explained

be seen from Figure 2 that the incorporation of an azox . : A
: . s due to a discrepancy between ion activities in the bulk
group instead of an azo group leads to dramatic chan%‘es

in the complexation properties of the molecule. Membran fd at the phase boundary [9]. Electrodes start to show

doned Witr?the azof thFi)acrown ethehk)( show Hi her af- Krernstian response toward a given cation at relatively high

finiFt) towards PB+ thgn C# (lo kPOt 7 \?vhereas concentrations. The magnitude of the EMF change (jump) at

mer¥1branes with the azothiacrgwncgr?s_b ére 'more ce- the depletion zone and the concentration when an electrode
. n pot _ starts to respond in a Nernstian fashion depends on the cation

lective towards C#t than PB+ (log K = —2.4). Both )

) o . CuPb - ._and ionophore used.

ionophores discriminate alkali and alkaline earth cations When electrodes were left overnight in the solution of

but this discrimination is greater fd than for A. The . : . X
. . - highest concentration of measured ion used for their cal-
wider range of selectivity coefficient values for membranes®_ . ! .
- ibration, substantial long-term drifts were observed for all
based on the azo- derivative than for the azoxy- compoun

may suggest greater differences in the stability constants Foectrodes with membranes containing azothiacrown &her

§ . ) o .
complexes wittB than withA. and membranes with azoxythiacrown etAezonditioned in
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. . ) . . Figure 4. Potentiometric response of ion-selective electrodes based on
Figure 3. Potentiometric response of ion-selective electrodes based RFoxythiacrown etheB as neutral carrier towards: (a) &uion, (b) Agt
_azoxythiacroere_theA as neutral carrier towards: (a) %ipn, (0) A" jon and (c) Hg™ ion. Curves 1 — the very first contact with a given ion,
ion and (c) Hg™" ion. Cu.r\./es. 1 — the very ﬁrst' contqct V\_/Ith agiven Ion,cyryes 2 — after the conditioning of electrodes in a given ion solution, curve
curves 2 — after the conditioning of electrodes in a given ion solution. 5, (a) — after 5 days contact with 0. 1 M Cu(iJR solution.
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Hg(NOz3)2 solution. Such drifts originate from primary ionskinetic limitations but anion interference might also play a
diffusing across the membrane to the membrane-inner elecle. Electrodes based on ionoph@rafter 24 hours contact
trolyte interface, where they displace the initially containedith Hg(NOs)2 solution showed anionic response towards
discriminated ion from the membrane [9]. The results atée nitrate ion.

summarized in Table 1. Based on the results presented above it can be concluded

that azothiacrown etheB] forms much stronger complexes
Table 1. The influence of the equilibration in preferred ion solutions on the ! 9 P

performance of electrodes with membranes based on azoxythiacrown el Soft tranSition_metals than azoxythi_acrown etha). (
(A) or azothiacrown ethei( Although for azothiacrown etheB] the highest values of

selectivity coefficients were obtained for Agit seems that
ionophore B binds to Gt and Hdgt ion too tightly to
exhibit reversible response towards these cations, or the

First contact with
a highly preferred ion

After the equilibration with
a highly preferred ion

lonophore  lon Beginning of Slope Linear range Slope k > A
linear response electrode performance is governed by kinetic limitations.
(log a) (mVidec)  (loga) (mv/dec)  Their response became anionic rather than cationic, particu-
A PR+ >_45 129.2 >_55 128.6 larly when nitrates of previously discriminated cations were
A Agt  >-5 +56.8 -55+-15 +56.4 tested.
A Hg2t —55:-35 +49.1
B cet >-3 +28.0 >_3.0¢ +25.6
B Agt  >-45 +57.2 —-55+-3.0 +56.8
2 . .
B Hg?t >-45 +46.5 No cationic response Acknowledgements

* After 24 hours of continuous contact with Cu(N)@ solution; no
response after several days in Cu@y®solution.
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equilibration with the preferred ion solution (curves 2). The
release of the preferred ion from the membrane is respons-

ible for the increase of the low detection limit of eledmdeﬁeferences

[17].

It should be pointed out that the values of selectivity;
coefficients, determined according to Bakker's procedure.
and measured after equilibration of membranes containing
azoxythiacrown ethefA with P?* or Ag™ solutions, have
not been changed significantly. These electrodes still ex
hibited typical cationic response in a wide range of ion
concentration (see Figure 3 a, b). Moreover, the response
time was found to be shorter than 20 s.

In other cases (Ad, Hg-B, CuB and HgA), elec-
trodes have not recognized strongly discriminated cations
after the conditioning of membranes in the highly preferred
ion solutions. The measured values of kg p, reflec- -
ted rather a low detection limit of the electrode than true
selectivity of the membrane. Electrodes with membrane$
containing ionophoré\ or B and soaked in Hy or Ag*™
solutions, respectively, showed cationic response only ing
low concentration range (see Figures 3c and 4b). For high
concentrations of the examined cations anionic resporige
due to a coextraction process of the primary cations alingl
interfering anions from the sample to the ion-selective mem-
brane phase was recorded (so-called Donnan failure) [14,
18]. Such behavior can be observed for very strong cation-
carrier complexes. The further investigation of the influencg
of various anions on the performance of studied electrodes
is presented in reference [19].

Cationic response, observed initially for electrodes baséd
on ionophoreB, has almost completely disappeared aftef;
several days exposure of the electrodes to Cud®olu- 19
tion (curve 3 in Figure 4a). This might be a result of e.g.,
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