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Abstract

Based on a novel ionophore, an ion-selective electrode has been developed for the determinafibmafridking water. Its selectivity
behavior is characterized and its lower detection limit optimized for measurements with different electrolyte backgrounds. The lower detection
limitwas 2x 10~° M Cu?* for samples with low ionic background anck110~7 M Cu?* with ionic background typically found in drinking water.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction essential element with a recommended daily intake of ca.
2mg and is toxic only at high doses of >15 mg daybe-
Based on recent improvements of the lower detection cause of taste and corrosion effects, the allowed limit &fCu
limits [1-4] and selectivitieg3,5], ion-selective electrodes s set to 1.3mgLE?! (2.05x 10~>M) in the USA[13] sim-
(ISEs) with liquid[3—6] or solid internal contadf7—9] have ilar to that in Canada (1.0 mgti, [14]) and the European
become attractive tools for trace metal analyses. For example Union (2 mg L1 [15]). The required lower detection limit of
detection limits in the subnanomolar (i.e. in the low ppt) range a CU/#*-ISE is, therefore, ca. 2 10-6 M. Compared with the
have been reported, among others, fof'fb,10], Cd?* [11], above-mentioned performance of ISEs, this does not seem too
and Ad' [12]. For practical purposes, the detection limitofthe demanding. Since, however, it must be achieved in the pres-
applied method should be 10 times lower than the legally al- ence of relatively high concentrations of interfering cations,
lowed value. In the case of Ph it has been demonstrated that  zero-current ion fluxes at this concentration are expected to

the performance of ISEs satisfies this requirenjgd}. The influence the response functi@i?].
values obtained with various drinking water samples have A series of C4*-ISEs have been described in the literature
been validated by ICP-MS measuremdity. [16—22] The reported selectivities and lower detection limit

The goal of the present contribution is to develop an ISE of the ISE based on tetrabutyl thiuram disulfide in a PVC
for monitoring C@#* in drinking water. Although Cu is an  membrane without added lipophilic anionic sif&8] would
be sufficient for determining Cii concentrations in drinking
mpondmg authors. Tel.: +41 16322885: V\{ater. However, during preliminary tests with added anion_ic_
fax: +41 16321123 (E. Pretsch). ' sites, we _hav_e observed_ that these mer_n_branes bl_acken within
E-mail addressesguenther@inorg.chem.ethz.ch (DiiGher), 1 day indicating a chemical decomposition of the ionophore.
pretsch@org.chem.ethz.ch (E. Pretsch). Although no selectivity data are available for alkali and alka-
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line earth metal ions, diphenylthiocarbazone also seemed t0(0.95 g, 5 mmol; obtained according to REf9]) in CH.Cl»
be a promising C# ionophore[19]. However, its relatively (10 ml) was added dropwise under ice-cooling (52@d
low lipophilicity gave ISE membranes of short lifetime. The After the reaction was completed (2h, RT), the organic
lower detection limit of a lariat crown ether-based?GUSE phase was separated, washed with dilute aq. HCI and wa-
is >107°M and, thus, insufficienf21]. Again, no selectiv-  ter and dried (NgSQy). The organic solvent was then re-
ity values are reported for alkali and alkaline earth metal moved under reduced pressure and the solid residue was re-
ions, but the crown ether is likely not to discriminate these crystallized from EtOH to give white crystals (1.2 g, 55%;
ions. Calixazacrown ether-based ISEs have an insufficientmp 205-207C). 'H NMR (400 MHz, CDCb): § =3.48 (s,
lower detection limit tog20] and no selectivity dataare given br, 6H, CHS and 2 CH), 2.95 br, 2.45 br, and 1-1.9m
for alkaline earth metal ions, the most important interfering (total of 42 H). 13C NMR (100 MHz, CDC}): §=58.8
species with potentiometric measurements in drinking water. (CHN), 56.2 (CHN), 36.7 (CHS), 31.4, 29.9, 26.6, 25.9,
The corresponding data are also missing for the ISEs base®5.4, 25.3 (ring CH). IR (cm~1, CHCk): 3000 (m), 2940
on hydrotris(3-isopropylpyrazolyl)methap22]. As an ad- (s) 2850 (m), 1630 (s). MS (MALDI): 499\ + Na)*, 477
ditional problem in several cases, the selectivities were only (M +H)*, 296 (M — N(cyclohexyly)*. Elemental analysis,
determined with the matched potential mettiad,22], and, calc.: C, 70.54%; H, 10.15%; N, 5.77%; found: C, 70.36%;
therefore, are characteristic of the ISE’s performance only H, 10.08%; N, 5.77%.
under the particular conditions appligzB,24]
Commercially available solid-state €ulSEs based on 2.3. ISE membranes and electrodes
jalpait (coprecipitated CuS/A&) membranes have been ap-
plied already more than 30 years ago for determining"Cu Two kinds of membranes were used, one of conven-
in drinking water[25] and seawatej26]. Problems due to  {jonal composition and a harder one with higher PVC
impurities in this sensing membraf@] have been reduced  content. The conventional membranes (Conv) contained
quite recently by careful membrane preparation and the US€jonophore (0.47 wt.%, 9.8 mmol/kg), NaTFPB (0.43wt.%,
of rotating electrodef28]. Thus, a Iqwer detection limitin 4 g mmol/kg),0-NPOE (65.9wt.%), and PVC (33.2 wt.%).
the nanomolar range has been achiefag]. The harder membranes contained ionophore (0.53wt.%,
In this work, we describe a polymeric membrane ISE 11.1 mmol/kg), NaTFPB (0.43 wt.%, 4.9 mmol/kg)NPOE
based on a novel ionophore. Its selectivity behavior is char- (55.6 wt.%), and PVC (43.3wt.%). The membrane compo-
acterized and the internal solution and the membrane com-pgnts (totaling 260 mg) were dissolved in THF (2.0 ml) dur-
position is optimized in view of obtaining an optimal lower g ca. 2h and poured into a glass ring (37 mm i.d.) fixed
detection limit for monitoring C&" in drinking water sam- oy 5 glass plate and covered with another glass plate. After
ples. overnight evaporation of the solvent at RT, disks of 5mm
in diameter were punched from the master membrane (thick-
ness, ca. 20@m) and glued with a PVC/THF slurry to a plas-

2. Experimental ticized PVC tubing mechanically fixed onto a 1Qipipette
tip. The inner filling solutions were ENNO3 and Cu(NQ)2
2.1. Reagents of different concentrations (s@@ble ). The Ag/AgCl inner

] ) ) reference electrode in 18 M NaCl electrolyte was separated
Poly(vinyl chloride) (PVC), 2-nitrophenyl octyl ether  f.om the internal solutions by a diaphragm.
(0-NPOE), sodium tetrakis[3,5-bis(trifluoromethyl)phe-

nyllborate (NaTFPB) and tetrahydrofuran (THF, puriss. p.a.)
were Selectophore, tetraethylammonium nitrateEO3),

and the other salts were puriss. p.a., all from Fluka (CH-
9471 Buchs, Switzerland); NaOH and HRlGolutions
were Titrisof from Merck (Darmstadt, Germany). Dicyclo-
hexylamine and 3-thiaglutaric acid were also from Fluka.
Agueous solutions were prepared with freshly deionized Latzlrii-l solutions with 10* M Cu(NGs), and different concentrations of
water (specific resistance, 1&Mtm) from a NANOpur& ELNNOs used in the different C%:HSESZ

reagent grade water system (Barnstead, CH-4009 Basel,ISE

2.4. EMF measurements

Measurements were performed with a 16-channel elec-
trode monitor (Lawson Labs Inc., Malvern, Pa. 19355,

Switzerland) E4NNO3 (M) Cu?* replaced by EN* in the inner
) surface layer of the membrane (%)
4
2.2. Synthesis of N,N/N-tetracyclohexyl-3- conv 1 1.9107 286
; A , Conv 2 3.5¢ 10 46.0
thiaglutaric diamide (cfFig. 1) Conv 3 1.7 10-3 913
Conv 4 2.3x107* 335
To the stirred biphasic mixture of dicyclohexylamine Hard1 3.5x 1Cf‘2‘ 33.1
(1.81g, 10 mmol) dissolved in Gi€l, (20ml) and 20%  Hard2 2.0< 107 99.9
Hard 3 1.7x 1073 82.8

aqueous NgCOz (10ml), 3-thiaglutaric acid dichloride
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