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Abstract: With impedance spectrum measurcments, impedance was studied in the interface between sample solutions for K™ -ion selective PVC
membrane electrode containing neutral carriers [dibenzo-18-crown-6 (D18Cr6) and valinomycine (Val)l. Response characteristics of electrode were
examined by measuring AC impedance spectra that were resulted from the chemical structurc and the content of carrier, variation of plasticizer,
membrane thickness, doping of base electrolytes, and concentration variation of sample solution. Transport characteristics of PVC membrane electrode
were also studied. It was found that the equivalent circuit for the membrane in K~ solution could be expressed by a series combination of solution
resistance and a parallel circuit consisting of the bulk resistance and geometric capacitance of the membrane system. But the charge transfer
resistance and Warburg resistance were overlapped a little in the low concentration and low frequency ranges. The carrier, DI8Cr6 was best for
clectrode and impedance characteristics, and ideal electrode characteristics were appeared especially in case of doping of the base electrolyte[potassium
tetraphenylborate(TPB)]. The optimum carrier content was about 323 wt % in case of DI8Cr6 and Val. DBP was best as a plasticizer. As membrane
thickness decreased the impedance characteristics was improved, but electrode characteristics were lowered for membrane thickness below the
optimum. In the case of DI8CS, the selectivity coefficients by the mixed solution method for the K™ ion were the order of NH; > Ca™ > Mg”™ > Na'.
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1. N» gas cylinder 2. Flow meter

3. Counter electrode 4. Reference electrode
5. Working electrode 6. Luggin capillary

7. Magnetic bar 8. Water bath

9. Water in 10. Water out

11. N2 in 12. N2 out

Figure 1. Impedance cell for measuring electrode system.
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Figure 2. Nyquist plots of cation selective electrodes of D18CrS,
Valinomycin and TDDA.
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Figure 3. Nyquist plots of potassium ion selective D18Cr6-PVC
membrane electrode at various ratio of DI8Cr6 and K with
TPB. : carrier =3.23 wt %, samples solution = 10> M KCl.
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Figure 5. Plots of Zr vs. of potassium ion selective D18Cr6-PVC
membrane electrode with TPB. : molecular ratio = 1.08: 1, carrier
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9.994x10™ mol/dm?’.
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Figure 6. Nyquist plots of potassium ion selective DI8Cr6-PVC
membrane electrode with and without TPB: carrier = 323 wt %.
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Figure 7. Nyquist plots of potassium ion selective D18Cr6-PVC
membrane electrode at various plasticizer of DBP, DOS and
DBS: molecular ratio=1.08:1, carrier =323 wt %, d=0.17 mm
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Figure 8. Nyquist plots of potassium ion selective D18Cr6-PVC
membrane electrode at various carrier content with TPB: molecular
ratio=1.08:1, d=0.19 mm.
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Figure 9. Impedance plane plot. (a) Nyquist plot (b) equivalent
circuit:  Rsoln = solution resistance, Rp=bulk resistance Cq =
double layer capacitance.
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Figure 10. Nyquist plot of potassium ion selective D18Cr6-PVC
membrane electrode at various membrane thickness with TPB:
molecular = 1.08: 1, plasticizer = DBP, carner = 3.23 wt %.
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Figure 11. Nyquist plots of potassium ion selective electrode
Di8Cr6-PVC membrane electrode at various K concentration
with TPB: molecular ratio=1.08:1, carrier =3.23 wt %. d=0.19
mm, TPB =9.994%X10” mol/dm’.
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Table 1. Impedance Parameters at Various Molecular Ratio of
D18Cr6-K' with TPB

Carrier

Content s Ro Ra I g Ce

[ - em? [k - cm’] [k - em?] [A/em™) [R - /s ] [F/end]
[wt %]
164 252 15084 613 418x10° 206x10° 18x107°
323 194 %68 494  52x10° 113x10° 279x107°
625 184 2108 71 36x10° 38&x1¢7 12x10™
909 345 ML 675 38x10° 200x10° 68x107°

Table 2. Impedance Parameters of Potassium Ion Selective D18Cr6-
PVC Membrane in KCl Solution at Different Concentration with
TPB (molecular ratio=1.08:1, carrier =3.23 wt %, d=0.19 mm,
25 )

KCl solution Ry C

1 1o g

[moVdm’] K -em? [kQ-cemf  [Alem?] [F/cm’]

10 x 100 2% x 100 457 561 x 10° 404 x 107

10 X 107 269 x 100 494 52 x 10° 279 x 10°

10 x 10% 276 x 10 580 435 x 10° 203 x 10

10 x 10% 42 x 100 770 333 x 10° 194 x 107

10 x 10° 436 x 10° 1233 208 x 10° 125 x 10°
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Figure 12. Plot of ion exchange current i, vs. -log Ci at various
concentration in potassium ion selective D18Cr6-PVC membrane
electrode with TPB of sample solution. : molecular ratio =1.08: 1,
carrier =323 wt %, d =0.19 mm, TPB =9.994x10" mol/dm’.
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Figure 13. Nyquist plots of D18Cr6-PVC membrane electrode in
the potassium interference ion solution with TPB: molecular ratio
=108:1, carrier =323 wt %, d=0.19 mm.

Table 3. Impedance Characteristics of Potassium ion Selective
D18Cr6-PVC Membrane Electrode and Selectivity of the D18Cr6
in Each Interfering Ion Solution with TPB

Interfering Rp Ra Io pot
ions k@ -cm]l k- -emd [A/cemd Kk
K' 25%6.85 494 52 x 10°% 10 x 10°
NH,' 109 783 1113 x 107 562 x 10"
Ca” 972 854 1083 x 107 251 x 10"
Na' 8496 979 944 x 10® 177 x 10°
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