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Abstract: Ammonium ion selective electrodes have been prepared using nonactin as an ionophore and poly(vinyl
chloride) (PVC) or polyurethane(PU) as a polymer matrix with or without a plasticizer, bis(2-ethylhexyl)adipate, and
their performances have been evaluated. The reults indicate that PU-based electrodes can be designed to perform
better although PVC-based electrodes generally show better performances. In efforts to explain the obervation, we
also carried out atomic force microscopy as well as impedance studies, and the results suggests that islands of ion-
ophores are formed in the PVC membranes through which ion transfers appear to be more facile than through the
PU membranes. The PU membranes appear to have ionophores better dispersed throughout the film and are more

resistive to ion mobilities in comparison to PVC films.
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Figure 1. Responses of various ion selective electrodes (ISEs) to
log[NH,;*): (a) The ISEs were made of PU and DOA with their
weight ratios of 1:2 (- @ -), with their ratio of 2:1 (-A -), and 1:2 (-H-),
respectively, and PU-electrode without plasticizer (-+-); and (b)
ISEs prepared with and without an additive: PVC with a plasticizer
without the additive (-@-), PU electrodes with with 50 mol%
KTpCIPB(-A -) and 70 mol% KTpCIPB (- M -), and PU-electrode
without an additive (- +-).
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Figure 2. Changes in slopes for PVC- and PU-based electrodes as a
function of time.

Table 2. Selectivity Coefficients of the ISEs

PVC? PVC-electrode  PU-electrode
j=K* -0.96 -1.34 -1.34
j=Na* -2.85 275 -2.63

“Reported in References 19 and 20.
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Table 1. Slopes and Detection Limits of NH,;*-Selective Electrodes of Various Compostions.

ISEs PVC PU:DOA(2:1) PU:DOA(1:2) PU:DOA(1:0) 50 mol%KTpCIPB 70 mol%KTpCIPB
Slopes, mV/decade 59.4 57.7 40.8 58.4 53.3
Detection Limits, M 39X 10° 1.0 X 10° 20X 107 1.0 % 10* 1.59 X 10 1.6 X 10*
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Figure 3. AFM images of (a) a PVC membrane containing only a
PVC plasticizer with a ratio of 1:2 without the ionophore, (b)
membrane made of PU alone without a plasticizer and ionophore,
and (¢) membrane made of PU with 1 mg of ionophore contained.
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Figure 4, AFM images of PYC membranes containing (a) 1 mg, (b)
2 mg, (c) 20 mg nonactin and a nominal amount of plasticizer.
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Figure 5. An equivalent circuit to analyze the impedance obtained
from ISEs. Note that C,, (bulk capacitance) and Cq (double layer
capacitances at the membrance/solution interface) are replaced by
Q (constant phase element). Only one R-C circuit (semicircle) was
used for results shown in Figure 6a, whereas both semicircles were
used for Figure 6b. Here R, is the solution resistance, R, the bulk
resistance, Ry, the resistance for ion transfer, and W the Warburg
impedance.
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Table 3. Parameters Obtained from Fig. 6a.

Figure 6. Nyquist plots for: (a) a PVC-electrode and (b) a PU-
electrode. The PVC electrode was made of the ionophore, PVC, and
plasticizer with a ratio of 1:33:66, while the PU electrode was made
of ionophore and PU only with a ratio of 1:99.

Rs Ry Q n
0.3V 9.4 % 10* 2.8 % 10° 1.55 X 1070 89% 10"
0.5V 1.54 % 10° 3.67X 10° 31X 101! 9.7 X 107!
0.7V 1.6 X 10° 3.45% 10° 3.05 % 10! 9.7% 10"
1.0V 1.6 X 10° 4.4 % 10° 24X 10" 9.8 10"
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Figure 7. Chronoamperometric curves for PVC-based ISEs. The
electrodes contained: (a) 2 mg and (b) 4 mg of nonactin and the Is/
To ratios were 0.55 and 0.77, respectively.
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