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Novel plasticized polymeric membrane (PPME) and coated platinum wire (CPWE) electrodes based
on 1,4,7-trithiacyclononane and oleic acid, as a good lipophilic additive for highly selective determination
of Ce®t ions, have been developed. The electrodes exhibit a Nernstian slope of 19.4 mV /decade (for
both electrodes) over a wide Ce3T ion concentration range, from 5.0 x 1075-5.0 x 1072 M and 1.0 x
1077-1.0 x 1072 M for PPME and CPWE, respectively. The limits of detection were 3.5 x 107% and
8.0 x 1078 M for PPME and CPWE, respectively. The electrodes possess a fast response time of 15
s, can be used for at least 3 months without observing any deviation, and can be used in a pH range

of 5.0-8.0. The proposed electrodes could reveal excellent selectivity for Ce*" over a wide variety of

alkali, alkaline earth, some transitions, and heavy metal ions. The practical utility of the electrodes has

been demonstrated by their use as indicator electrodes in the potentiometric titration of Ce>*t ions with

EDTA and vice versa, and in the determination of fluoride ions in some mouthwash preparations.

Key Words: Cerium(III)-selective electrode, coated platinum wire electrode, plasticized polymeric

membrane electrode.

Introduction

Among the various analytical techniques available, the use of ion-selective membrane electrodes is a well-
established routine analytical technique. Good ion-selective electrodes (ISEs) possess many advantages over
traditional methods of analysis and provide accurate, reproducible, fast, and regular selective determination
of various ionic species. In addition, ion-selective electrodes allow non-destructive, on-line monitoring of
particular ions in a small volume of sample without any pretreatment. Because of these merits, the use of
ISEs is increasing day by day in medicinal, environmental, agricultural, and industrial fields.! =3

Crown ethers have been widely used as suitable neutral carriers for the construction of membrane-

selective electrodes for alkali and alkaline earth cations.*~7 Meanwhile, the substitution of some oxygen atoms
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of crown ethers by nitrogen and or sulfur atoms results in complexation properties that are intermediate
between those of ordinary crown ethers (with a strong tendency for alkali and alkaline earth cations) and
those of all-nitrogen and all-sulfur macrocyclic ligands (with a strong tendency for transition and heavy
metal ions).8? In this respect, macrocyclic polythiaethers have received considerable attention, due to their
unique properties as carriers for some transition and heavy metal ions.'9~!* In recent years, Shamsipur and
co-workers used some thia-substituted crown ethers as neutral carriers in the construction of ISEs for heavy
and transition metal ions.!—2!

Cerium is industrially important and is used in nuclear reactors, in alloys with nickel and chromium, in
microwave devices, lasers, masers, and television sets. Cerium is also used in agriculture, forestry, and animal
husbandry, and much attention is now being paid to the study of cerium in the environment. Inhalation
exposure of cerium in humans has been known to cause sensitivity to heat, itching, and an increased awareness
of odor and taste. The increasing industrial use of cerium and reports of cerium toxicity make it essential
to have analytical procedures suitable for monitoring cerium in the environment.??

In this work, we report highly selective and sensitive coated platinum wire (CPWE) and plasticized
polymeric membrane electrodes (PPME) for Ce(III) ions based on 1,4,7-trithiacyclononane (trithia-9-crown-

3, TT9C3) as an excellent neutral ionophore. The structure of the ionophore is shown in Figure 1.

[ S
s
Figure 1. Structure of 1,4,7-trithiacyclononane (TT9C3).

Experimental

Materials and apparatus

Analytical reagent grade dibutyl phthalate (DBP), benzyl acetate (BA), o-nitrophenyl octyl ether (o-NPOE),
oleic acid (OA), tetrahydrofuran (THF), and high relative molecular weight PVC (all from Merck) were used
as received. 1,4,7-Trithiacyclononane (from Fluka) was used with the highest purity. All solutions of metal

ions included cerous chloride heptahydrate and were prepared from analytical reagents with doubly distilled

water.
All potentiometric and pH measurements were carried out at 25 °C using a Metrohm Model 624

pH/ion meter. A double-junction saturated Calomel electrode (SCE, Philips) with the chamber filled with

an ammonium nitrate solution was used in the junction with the proposed electrodes.

Electrode preparation and measurement of electrode potentials

The membranes were prepared by dissolving optimized amounts of PVC, plasticizer, OA, and ionophore
in the ratio of 30:49:15:6, respectively, in 5 mL of THF. The mixture was shaken vigorously and the clear
solution was poured into a glass dish 5 cm in diameter. The solvent was allowed to evaporate at room

temperature, until an oily concentrated mixture was obtained. For preparation of the PPME, a Pyrex tube
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(5 mm o.d.) was dipped into the mixture for 5 s so that a nontransparent membrane of ~ 0.3-mm thickness
was formed. The tube was then filled with internal filling solution (1.0 x 1072 M CeCl3). The electrode
was finally conditioned for 12 h by soaking in 1.0 x 10~2 M CeClz. A silver/silver chloride electrode was
used as an internal reference electrode.

To prepare the CPWE, platinum wire about 3 cm long and 1 mm in diameter with a spherical head
sealed into the end of a glass tube and soldered onto a shielded cable was used. This wire was dipped into
the membrane solution 4 times and the solvent was evaporated each time at room temperature. After 3 h,
a membrane was formed on the platinum surface. Then, the electrodes were rinsed with water and finally
conditioned for 36 h by soaking in a 1.0 x 1072 M solution of CeCls,

The potential measurements with PPME and CPWE were carried out with the following cell assem-
blies: the

Ag-AgCl/KCI (3 M)/internal solution 1.0 x 1073 M CeCl3/ PVC membrane/test solution // Heg-
HgoCly, KCI (satd) (PPME)

Hg-HgoCly, KC1 (satd) // test solution/PVC membrane/Pt (CPWE)

Activities were calculated according to the Debye-Hiickel procedure.??

Fluoride ion determination in pharmaceutical samples

Some 0.2 mL of sodium fluoride mouthwash solution (2.0% ) was diluted to 50.0 mL and the pH was adjusted
to 7.0 (using a concentrated NaOH solution). The resulting solution was titrated with a 0.10 M solution of

cerium(III) solution using the proposed CPWE as an indicator electrode.

Two sodium fluoride tablets (1.0 mg/tablet) were placed in a 100-mL beaker, 25 mL of water was
added, and the solution was mixed thoroughly. The undissolved components were separated on filter paper
and the clear filtrate was titrated with a 0.10 M solution of cerium(III) using the proposed CPWE as an

indicator electrode.

Results and Discussion

Crown ethers and specific thiacrown ethers, due to sufficient insolubility in water, were expected to act as
suitable ion carriers in the ISEs with PVC membrane.?? Trithia-9-crown-3, among thiacrown ethers, has
a low molecular weight and flexible structure. Moreover, the presence of 3 donating sulfur atoms in the
structure causes this compound to show selectivity to transition and heavy metal ions of proper size and
charge.'9=14; therefore, in preliminary experiments it was used as a neutral carrier to prepare PPMEs for a
variety of transition and heavy metal ions. The potential responses of some of the most sensitive electrodes
for solutions containing each cation separately are shown in Figure 2, which shows that this sensor had
the most sensitive response to Ce3* among the different cations tested. Thus, TT9C3 can be selected as
a suitable ionophore for the preparation of ISEs for determining cerium(III) ions in the presence of other
metal ions. This behavior of the membrane electrode can be due to selectivity of the ionophore against Ce3*

in comparison to other cations and the rapid exchange kinetics of the complex of TT9C3-Ce3*.25
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Figure 2. Potential response of various PPMEs based on TT9C3. Conditions: membrane ingredients: 30% PVC,
49% BA, 6% TT9C3, and 15% OA. Each electrode was conditioned in 1.0 x 10~2 M concentration of the corresponding
cation for 12 h. A 1.0 x 1072 M concentration of each cation was used as the inner solution for the corresponding
electrode.

A CPWE with the same membrane composition as the PPME was used for investigation of the
behavior of the sensor to the tested metal ions (Figure 3). The similar results obtained showed that the
sensor had better selectivity for Cet ions. Thus, based on the preliminary results of the experiments,

TTIC3 can be used as a suitable ionophore for Ce**-selective electrodes as PPME and/or CPWE.
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Figure 3. Potential response of various CPWEs based on TT9C3. Conditions: membrane ingredients: 30% PVC,
49% BA, 6% TT9C3, and 15% OA. Each electrode was conditioned in 1.0 x 10~2 M concentration of the corresponding

cation for 36 h.
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It is well known that the sensitivity, dynamic range, and detection limit of a membrane electrode signif-
icantly depends on the membrane ingredients and the nature of the plasticizer and additives used.!5—21,26=30
Thus, the influences of membrane composition, nature and amount of solvent mediator, and amount of ad-
ditives, such as OA or sodium tetraphenylborate, on the potential response of the proposed sensor were

investigated and the obtained results are given in Table 1.

Table 1. Optimization of membrane ingredients.

Composition (wt%) Slope
No. PVC Plasticizer TT9C3 OA (mV/decade)
1 35 DBP-62 3 - 8.8
2 34 o-NPOE-63 3 - 7.2
3 35 BA-62 3 - 10.3
4 30 DBP-57 3 10 13.8
b) 30 o-NPOE-58 3 9 11.1
6 30 BA-57 3 10 15.6
7 30 BA-50 4 16 17.1
8 30 BA-49 6 15 19.4
9 30 BA-44 6 20 18.9
10 31 BA-45 8 16 17.7
11 31 BA-53 - 16 -

Based on investigations of the polymeric films, the plasticizer/PVC ratio (w/w) of ~ 1.6 shows the
optimum physical properties and ensured high enough mobilities of their constituents.'®31:32 As such, this
ratio was used as an optimum value in the construction of the membrane electrode.

It should be noted that the nature of the solvent mediator influences the dielectric constant of the
membrane phase, the mobility of ionophore molecules, and the state of ligands, and is therefore expected to

play an important role in determining the ISE characteristics.?! =33 In order to investigate the effect of the
plasticizer on the characteristics of the proposed sensor, 3 sets of membranes of similar composition (nos.
1, 2, and 3, and nos. 4, 5, and 6) (Table 1), but with different plasticizers (DBP, o-NPOE, and BA) were
prepared and tested. As seen from Table 1, among the 3 different plasticizers used, the use of BA in the
series gave a response slope larger than that of the others. Thus, BA was used as a suitable solvent mediator

for the construction of a Ce?t-selective electrode.
Since the presence of lipophilic anionic sites in cation-selective membrane electrodes not only reduces

ohmic resistance and improves response behavior and selectivity, it also, in cases where the extraction
capability of the ionophore is poor, enhances the sensitivity of the membrane electrode. Moreover, lipophilic
additives may catalyze the exchange kinetics at the sample-membrane interface.!?31:34=36 The data sets
(Table 1) for nos. 1, 2, and 3 show that, in the absence of a lipophilic additive, the sensitivity of the
proposed sensor is quite low. Accordingly, in order to improve the sensitivity of the electrode, the influence

of OA as a lipophilic additive was studied.!”19:37-38

Comparison of the data for nos. 3, 6, and 7 (Table
1) revealed that, with the addition of OA and increasing it to 16% of the membrane composition, the
sensitivity of the PVC membrane electrode increased and the slope of calibration curve increased from 10.3
to 17.1 mV/decade. OA with a fraction of 16 wt% contributed significantly to the dielectric constant of the
membrane, in addition to the plasticizer.

The amount of ionophore TT9C3 was also found to affect the sensitivity of membrane electrodes

(nos. 7 and 8). The sensitivity of the electrode response increased with increasing ionophore content until
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the value of 6 wt% was reached (no. 8). It is interesting to note that, in membrane 8, the molar ratio
of the ligand to OA was ~1:2, which implies that OA is not only primarily a phase transfer catalyst, but
also contributes to the complexation mechanism.?? Moreover, the membrane composition of nos. 9 and 10
(Table 1) revealed an increasing wt% of OA > 15% and ionophore > 6% , and decreased sensitivity of the
electrodes. As a result, among the different compositions studied, the membrane incorporating 30% PVC,
49% BA, 6% TT9IC3, and 15% OA exhibited the best response characteristics with a nice Nernstian slope of

19.4 mV /decade. Hence, this composition was used to study various operation parameters of the electrode.

In order to investigate the role of TT9C3 as an ionophore, the membrane composition no. 11 was
prepared and the EMF of the electrode was measured in a wide dynamic range of Ce3*. The obtained slope
(0 mV/decade) revealed that in the absence of TT9C3, the electrode did not show sensitivity for cerium (IIT)
ions.

The influence of the concentration of internal solution in the PPME on its potential response was
studied. Three concentrations (1.0 x 107%, 1.0 x 1072, and 1.0 x 1072 M of Ce®*) were used and the
calibration curves (EMF vs. pCe3T) for each concentration were obtained. It was found that the change
in cerium(IIT) concentration of the internal solution did not cause any significant difference in the potential
response, except for an expected change in the intercept of the resulting Nernstian plots. For smooth

functioning of the system, a concentration of 1.0 x 10~3 M Ce®* was used as the internal solution.

The optimum equilibration times in 1.0 x 10~2 M of Ce®* for the PPME and CPWE were 12 and 36
h, respectively, after which time they generated stable potentials when placed in contact with Ce3* solutions.
The dynamic range and detection limit of both cerium(III) ion-selective electrodes were assessed according
to IUPAC recommendations.*? The potential responses of the PPME and CPWE at various concentrations
of cerium(III) ions showed a linear range of 5.0 x 1076-5.0 x 1072 M for PPME (slope: 19.37 £ 0.40
mV /decade; regression coefficient: 0.9991) and from 1.0 x 107 to 1.0 x 102 M for CPWE (slope: 19.41 +
0.48 mV /decade; regression coefficient: 0.9981). The limit of detection, as determined from the intersection
of the 2 extrapolated segments of the calibration graphs, was 3.5 x 1076 M for PPME and 8.0 x 1078 M
for CPWE. The wider range and lower detection limit for CPWE in comparison to PPME may have been
due to higher electrical conductivity of the platinum wire in CPWE versus an internal 1.0 x 1073 M CeCl3
solution in the case of PPME.

The time required for the electrodes to reach a potential response within +£ 1 mV of the final
equilibrium value following successive immersions in a series of Ce3* solutions, each having 10-fold difference
in concentration, was studied. The static response time of the electrodes was ~15 s over the entire
concentration range. Such a fast response time was most probably due to the fast exchange kinetics of
complexation-decomplexation of Ce?t with TT9C3 at the test solution-membrane interface. The lifetime
of PPME and CPWE obtained was 3 and 4 months, respectively, without any measurable change in slope,
detection limit, or linear range of both electrodes. It should be noted that the reuse of the dried electrode

required further conditioning.

The influence of pH of the test solution (1.0 x 10~* M CeCl3) on the EMF measurements of both
electrodes was studied over the pH range of 2.0-10.0 (Figure 4). The pH was adjusted by introducing small
drops of 0.1 M solutions of hydrochloric acid or sodium hydroxide. As seen from Figure 4, the potential

remained constant from pH 5.0 to 8.0, beyond which drift in potential was observed. The observed drift at

low pH could have been due to the membrane sensor response to hydrogen ions. At pH > 8.0, the formation
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of some hydroxy complexes of Ce?>* in solution caused drift in potential.
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Figure 4. Effect of the pH of the test solution on the potential response of the PPME and CPWE at a cerium(IIT)

concentration of 1.0 x 10™% M.

The influence of interfering ions on the response behavior of ISEs is usually described in terms

of selectivity coefficients, Kif’g. The matched potential method (MPM) was used for determination of

selectivity coefficients.*1:42 According to the MPM, a specified activity (concentration) of primary ions (A)
is added to a reference solution and the potential is measured. In a separate experiment, interfering ions
(B) are successively added to an identical reference solution, until the measured potential matches the one
obtained before by adding primary ions. The MPM selectivity coefficients, K% PM | are then given by the

resulting ratio of primary ions to interfering ion activity (concentration), K% PM = a,/ap. The experimental

conditions employed and the resulting values for CPWE and PPME for cerium(IIT)-selective electrodes are
summarized in Table 2. The obtained values for both electrodes showed that, for all diverse ions used,
the selectivity coefficients were in the order 1072 or less, indicating they would not significantly disturb
the functioning of the Ce®* ISE. It is expected that metal ions, such as Agt and Hg?", based on soft-soft
interaction, show a considerable tendency toward the ionophores bearing sulfur atoms (as donor atoms) in
their structure, but a small interfering effect of these ions on the functioning of the proposed Ce?t ISE,
most probably due to larger ionic size and lower charge density of interfering ions as compared to Ce3* ions.
Additionally, although the trend of the selectivity coeflicients observed by both electrodes were more or less
the same, these values for CPWE were slightly smaller than the corresponding values for PPME. This is
actually one of the great advantages of the coated electrodes.*3=4°

In order to investigate the proposed Ce3* ISEs, they were used in the determination of fluoride ions
in real samples and in end-point detection of a titration Ce(III) ion solution with EDTA and vice versa. The
PPME was used as an indicator electrode in the titration of cerium(III) ions with EDTA and vice versa at
a buffered solution in pH 7.0. The resulting curves are shown in Figure 5. As seen, the amount of Ce3*

in solution can be accurately determined with the electrode and the forward and reverse potentiometric
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titration showed a common point for the end of titration. Additionally, the amount of fluoride ions in
2 different pharmaceutical samples was determined with a coated platinum wire electrode by titration of
prepared solutions by CeCls. The results of triplicate measurements are given in Table 3. As seen, there is

satisfactory agreement between the declared fluoride content and the determined values.

Table 2. Selectivity coefficients (K‘X)’;) of various interfering ions for PPME and CPWE.

Cation *PPME "CPWE
Lit 3.1 x 107% 45 x 107°

Nat 25 x107% 44 x107°
K+t 2.1x107* 3.2x107°
Cst  1.8x107% 1.2x107°
Mg?+t 38 x107% 22 x 107
Ca?t 22x10% 1.5x 107
St 1.9x107* 1.4 x 107
Ba?t 1.6x107* 1.3 x 1074
Co?t 6.1x1073 1.1 x 1073
Ni2* 6.4 x 1073  1.5x1073
Cu?t 73 x107% 29x 1073
Zn?t 48 x 1072 1.0 x 1073
Cd?>+t 41 x103 28 x1073
Pb?t 3.0x1073 1.6 x 1073
Hg?t 25 x107% 1.5 x 1073
Agt 76 x 1073 7.0x 1073
TIT 38x1073 3.4 x 1073
AT 14 x107% 1.1 x1074
Fe3t 22 x1073 2.0 x 1073

La’t 6.8 x 1072 6.1xx 1072

“Conditions: reference solution: 1.0 x 107°M CeCls; primary ions (A): 107°-107* M Ce**; interfering ions (B):
1072-107" M.
®Conditions: reference solution: 5.0 x 107M CeCls; primary ions (A): 1077-107% M Ce®*; interfering ions (B):
107%-107 M.
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Figure 5. Potential titration curves for () 25.0 mL of 1.0 x 10™® M Ce®* ions with 0.01 M EDTA and (4) 25.0
mL of 1.0 x 1073 M EDTA with 0.01 M CeCls in buffered solution of pH = 7.0.

Table 3. Determination of fluoride ions in real samples.

Sample Labeled Determined

Sodium fluoride mouthwash solution 2.0% 2.02 + 0.02%

(Chimia Daru Co., Tehran, Iran)

Sodium fluoride tables 1.0 mg/tablet  0.996 £+ 0.028 mg/tablet

(Loghman Pharmaceutical Co., Tehran, Iran)

Conclusion

The PVC membrane with composition of PVC, BA, OA, and 1,4,7-trithiacyclononane with the ratio of
30:49:15:6, respectively, was used for preparation of PVC PPME and CPWE electrodes. The electrodes were

suitable for the determination of Ce3T ions with regard to working concentration range, slope, pH range,
response time, and selectivity over a number of cations. The electrodes exhibited good reproducibility over
a useful lifetime of 3 months. Further, the electrodes could be used to determine Ce®* ions both by direct

potentiometry and titration.

References

1. R.K. Mahajan, I. Kaur, V. Sharna and M. Kumar, Sensors 2, 417 (2002).
2. P. Buhlmann, E. Pretsch and E. Bakker, Chem. Rev. 98, 1593 (1998).
3. E. Bakker and E. Pretsch, Trends in Anal. Chem. 20, 11 (2001).

4. D. Ammann, W.E. Morf, P. Anker, P.C. Meier, E. Pretsch and W. Simon, Ion-Selective Electrode Rev. 5,
3 (1983).

719



Cerium(IIT) Ton-Selective Electrodes Based on..., H. R. POURETEDAL, et al.,

10.
11.

12.

13.
14.
15.
16.
17.
18.
19.
20.
21.

22.

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

37.

720

M.A. Arnold and M.E. Meyerhoff, Crit. Rev. Anal. Chem. 20, 149 (1988).

J. Janata, Anal. Chem. 64, 196R (1992).

J. Janata, M. Jasowicz and D.M. Devaney, Anal. Chem. 66, 207R (1994).

R.M. Izatt, J.S. Bradshaw, S.A. Nielsen, J.D. Lamb, J.J. Christensen and D. Sen, Chem. Rev. 85, 271 (1985).
R.M. Izatt, K. Pawalk, J.S. Bradshaw and R.L. Bruening, Chem. Rev., 91, 1721 (1991).

M.T. Lai and J.S. Shih, Analyst 111, 891 (1986).

Z. Brozozka, Analyst 113, 1803 (1988).

J Casabo, L. Mesteres, L. Eseriche, F. Teixidor and C. Prez-Jimenez, J. Chem. Soc., Dalton Trans. 1969
(1991).

V. K. Gupta, S. Jain, U. Khrana, Electroanalysis 9, 478 (1997).

X. Yang, N. Kumar, H. Chi, D.D. Hibbert and P.N.W. Alexander, Electroanalysis 9, 549 (1997).

M.H. Mashhadidazdeh and M. Shamsipur, Anal. Chim. Acta 381, 111 (1999).

M. Javanbakhat, M.R. Ganjali, H. Eshghi, H, Sharghi and M. Shamsipur, Electroanalysis 11, 81 (1999).
R.F. Fakhari, M.R. Ganjali and M. Shamsipur, Anal. Chem. 69, 3693 (1997).

M. Shamsipur, M. Yousefi and M.R. Ganjali, Anal. Chem. 72, 2391 (2000).

M. Shamsipur, M. Yousefi, M. Hosseini and M.R. Ganjali, Anal. Chem. 74, 5538 (2002).

M. Shamsipur and M.H. Mashhadizadeh, Talanta 53, 2249 (2001).

M. Shamsipur, M. Yousefi, M. Hosseini and M.R. Ganjali, Anal. Lett. 34, 2249 (2001).

F.W. Ochme (ed.), “Toxicity of Heavy Metals in the Environment”, Marcel Dekker, New York and Basel
(1979).

S. Kamata, A. Bhale, Y. Fukunaga and M. Murata, Anal. Chem. 60, 2464 (1988).

P. Buhlmann, E. Pretsch and E. Bakker, Chem. Rev. 98, 1593 (1998).

E. Bakker, P. Buhlman and E. Pretsch, Chem. Rev. 97, 2083 (1997).

H.R. Pouretedal and M. Shamsipur, Fresenius J. Anal. Chem. 362, 415 (1998).

H.R. Pouretedal, H. Forghanian, H. Sharghi and M. Shamsipur, Anal. Lett. 31, 2591 (1998).
H.R. Pouretedal and M.H. Keshavarz, Talanta 62, 223 (2004).

H.R. Pouretedal and M.H. Keshavarz, Asian J. Chem. 16, 1319 (2004).

M. Akhond, M.B. Najafi and J. Tashkhourian, Sensors and Actuators B 99, 410 (2004).

Y. Masuda, Y. Zhang and C. Yan, B. Li, Talanta 46, 203 (1998).

E. Bakker, P. Buhlmann and E. Pretsch, Electroanalysis 11, 915 (1999).

X. Yang, N. Kumar, H. Chi, D.B. Hibbert and P.W. Alexander, Electroanalysis 9, 549 (1997).
U. Schaller, E. Bakker, U.E. Spichiger and E. Pretsch, Anal. Chem. 66, 391 (1994).

S.S.M. Hassan, W.H. Mahmud and A.H.M. Othmani, Talanta 44, 1087 (1997).

R. Eugster, P.M. Gehrig, W.E. Morf, U.E. Spichiger and W. Simon, Anal. Chem. 63, 2285 (1991).

M.R. Ganjali, A. Moghimi and M. Shamsipur, Anal. Chem. 70, 5259 (1998).



38.

39.
40.

41.

42.

43.

44.

45.

Cerium(I1T) Ton-Selective Electrodes Based on..., H. R. POURETEDAL, et al.,

M. Shamsipur, S. Rouhani, H. Sharghi and M.R. Ganjali, Anal Chem. 71, 4938 (1999).
R. Eugster, U.E. Spichiger and W. Simon, Anal. Chem. 65, 689 (1993).

IUPAC Analytical Chemistry Division, Commission on Analytical Nomenclature. Recommendations for Nomen-
clature for Ion Selective Electrodes, Pure Appl. Chem. 48, 127 (1976).

Y. Umezawa, K. Umezawa and H. Sato, Pure Appl. Chem. 67, 507 (1995).
V.P. Gadzepko and G.D. Christian, Anal. Chim. Acta 164, 279 (1984).
P. Schnierle, T. Kappes and P.C. Hauser, Anal. Chem. 70, 3585 (1998).
Y. Yang, Y. Bi, M. Lin, J. Fu and Z. Xi, Microchem. J. 55, 348 (1997).

H. Freiser, J. Chem. Soc., Faraday Trans. I 82, 1217 (1996).

721



