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Abstract The influence of galvanostatic polarization on
ion concentration profiles in all-solid-state ion-selective
sensors was studied. As a model system K+-selective elec-
trode with poly(vinyl chloride)-based membrane, iono-
phore–valinomycin and polypyrrole doped by chloride
ions as ion-to-electron transducer was selected. The ion
exchanger—a typical component of ion-selective membrane—
was replaced by lipophilic salt: tetradodecylammonium
tetrakis(4-chlorophenyl) borate to avoid spontaneous
extraction of potassium ions. Potassium, sodium, and
chlorine distribution within the sensor phases were
studied using laser ablation micro-sampling followed by
inductively coupled plasma mass spectrometry measure-
ments. The experiments revealed accumulation of potas-
sium ions in course of cathodic galvanostatic polarization,
with concentration decreasing by moving inside the ion-
selective membrane. The surface content of K+ ions was
found to be linearly dependent on applied current. Influence
of sequential anodic galvanostatic polarization or open
circuit conditioning applied after cathodic polarization
revealed only limited recovery of the initial concentration
profiles in the membrane.
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Introduction

In the field of potentiometric ion-selective sensors, signifi-
cant development has been observed in recent years related
both to improvement of analytical parameters: lower
detection limit, better selectivity, as well as to simpler
construction and miniaturization [1–3]. The latter issue is
strictly connected with development of all-solid-state
sensors, where the internal solution and internal reference
electrode are replaced by an ion-to-electron transducing
layer, one of the most promising transducer materials are
conducting polymers [4–6].

Although the role of potentiometric sensors with ion-
selective membranes rapidly increases in modern electro-
analysis, their advantages are not fully explored by working
exclusively under open circuit conditions. Additional
superior benefits related to this class of sensors can be
exposed under conditions of external polarization. There-
fore, dynamically emerging research area concerns appli-
cation of potential or current controlled methods for
ion-selective electrodes (e.g., first works [7, 8]). However,
a significant problem limiting effective usage of such
methods is influence of large ohmic resistance of typical
ion-selective plastic membranes. From this point of view,
particularly promising are galvanostatic methods, where the
ohmic potential drop influence can be easily measured and
separated. Moreover, a precise current aided control of ion
fluxes in the membrane during measurement or condition-
ing step is helpful in compensation of undesired primary
ions release into the sample, thus leading to lowering
detection limit, both for internal solution [9–12] and all-
solid-state sensors [13–15]. Bakker and Shvarev have
proposed a working mode with short galvanostatic pulses
(pulstrodes), which resulted in adjustable selectivity and
enhanced sensitivity [16, 17]. This method is especially

J Solid State Electrochem (2009) 13:107–113
DOI 10.1007/s10008-008-0578-3

P. Pawłowski :A. Michalska :M. Wojciechowski :
J. Golimowski : E. Bulska :K. Maksymiuk (*)
Department of Chemistry, Warsaw University,
Pasteura 1,
02-093 Warsaw, Poland
e-mail: kmaks@chem.uw.edu.pl



useful for determination of biologically important multi-
charged ions [18], where open-circuit potentiometry gives
either drifts due to spontaneous extraction of ions or slopes
equal to just a few mV per decade (under equilibrium
conditions). Current-based methods are also helpful in
obtaining unbiased selectivity coefficients [19, 20].

Chronopotentiometry is beneficial not only for improve-
ment of analytical parameters of ion-selective electrodes,
but also can be an effective diagnostic tool to study
properties of ion-selective sensors properties, their compo-
nents and interfaces. Bobacka [21, 22], by using a simple
equivalent circuit model, has shown that current reversal
chronopotentiometry can bring information about mem-
brane resistance, equilibrium potential of the electrode, as
well as redox capacitance of the conducting polymer solid
contact. In recent papers, Lindner et al. [23, 24] have
presented a mathematical model providing calculations of
concentration polarization related to transport of ionophore
and cation–ionophore complexes in the galvanostatically
polarized membranes. This model enables also determina-
tion of diffusion coefficients of these species.

Additional benefit of chronopotentiometry results from
recording separate responses from different sensors compo-
nents only by varying the experimental conditions as
electrolysis time, applied current or electrolyte concentra-
tion in solution. For relatively concentrated solution and
low current/short electrolysis time, concentration polariza-
tion effects, both in solution and sensor components
(membrane and solid contact) can be neglected. In such a
case, information about capacitance of the solid contact or
interfaces can be derived from linear dependences of
potential on time, as shown by Bobacka [21]. However,
for high-electrolyte concentration but higher currents/longer
times than in previous case, concentration polarization in
the membrane becomes important, and diffusion-like
phenomena on chronopotentiograms can be observed. On
the other hand, if electrolyte concentration decreases,
concentration polarization effects in solution predominate
[15] and under such conditions low detection limit of the
sensor can be affected by applied current.

An important but still unresolved problem is ion
transport nature and ion concentration profiles within the
membrane under chronopotentiometric conditions; there-
fore, it requires supplementary information which can be
hopefully delivered by modern instrumental techniques.
Lindner et al. [25–29] have visualized concentration
profiles in the membrane using VIS spectroscopy. How-
ever, such studies require a dedicated, tailored instrumen-
tation, moreover, changes in the membrane composition
compared to that used in ion-selective membranes (as
incorporation of chromoionophore) are necessary.

In our recent preliminary communications [30], we have
described a new approach enabling visualization of ele-

ments distribution profiles in the galvanostatically polarized
membranes using the laser ablation inductively coupled
plasma mass spectrometry (LA ICP MS). By using laser
microsampling, an original membrane of composition
typical for application in ion-selective electrodes can be
used and information about ion transport of primary ions
and interfering ones could be obtained in one experimental
run.

The above-mentioned paper has concerned membranes
of classical internal solution sensors. The aim of the present
communication is to show results obtained for an all-solid
state sensor, under galvanostic polarization conditions, with
additional highlight of ion-selective membrane/conducting
polymer interface. Suitability of LA ICP MS technique to
study concentration profiles in all-solid-state ion sensors
with polypyrrole solid contact, under open circuit con-
ditions, has been proven by Konopka et al. [31].

In our work, as a model example, electrodes with poly
(vinyl chloride)-based potassium selective membranes
containing ionophore valinomycin, and polypyrrole solid
contact were selected.

Experimental

Apparatus

An inductively coupled plasma mass spectrometer ELAN
9000 (Perkin Elmer, Germany) equipped with the laser
ablation system LSX-200+ (CETAC, USA) was used,
experimental details were described in [32]. At each pulse,
a small amount of the membrane was evaporated, trans-
ported to ICP and then analyzed by mass spectrometry.
Depending on the exposure time and energy of the laser
beam, micro-amount of membrane material from different
depths can be collected. Thus, the relation: signal intensity
vs. evaporation time can be converted to a dependence of
intensity of the signal (recorded for elements of interest) on
the distance inside from the membrane surface.

Electrochemical experiments were carried out using
potentiostat/galvanostat CH 660 (CH Instruments, USA),
in one-compartment cell with working all-solid-state ion-
selective electrode described below and platinum counter
electrode (surface area 2 cm2). As reference electrode Ag/
AgCl Möller Glasbläserei (Zürich, Switzerland) with 1 M
lithium acetate in outer sleeve was used.

Reagents

Tetrahydrofuran (THF), poly(vinyl chloride) (PVC), bis
(2-ethylhexyl) sebacate (DOS), tetradodecylammonium
tetrakis(4-chlorophenyl) borate (ETH 500) and ionophore
valinomycin were from Fluka AG (Buchs, Switzerland).
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Doubly distilled and freshly deionised water (resistance
18.2 MΩcm, Milli-Qplus, Millipore, Austria) was used
throughout this work. All other reagents were of analytical
grade and were obtained from POCh (Gliwice, Poland)
with the exception of monomer pyrrole, obtained from
Aldrich (Steinheim, Germany). Distilled pyrrole was stored
in a refrigerator and prior to its use was purified by passing
through an alumina gel mini-column.

All-solid-state electrodes

Home-made electrodes with exchangeable glassy carbon
disks tips of surface area 0.07 cm2 were used to prepare
all-solid-state ion-selective electrodes. This construction
enabled LA ICP MS studies of the membrane and
polypyrrole layer without removing the membrane from
the electrode surface. The substrate electrodes were
polished with Al2O3, 0.3 µm.

These electrodes were coated with a polypyrrole film
obtained in course of potentiostatic electrodeposition at
0.9 V, passing charge 100 mC, from aqueous solution
containing 0.05 M pyrrole and 0.1 M NaCl, to yield
polypyrrole doped with chloride anions.

The ion-selective membrane contained (in wt%): 3.5%
of valinomycin, 2.2% of ETH 500, 64.8% DOS, and 29.5%
PVC. Total 93 mg of membrane components were
dissolved in 3 ml of THF and applied as described below.

Polypyrrole films obtained as described above were
placed in a position with the polymer film facing up. The
top of the electrode was covered with pipetted 50 μl THF
solution of membrane components, resulting in c.a. 100-µm-
thick membrane. The obtained electrodes were conditioned
in water for 24 h.

If not stated otherwise, the all-solid-state electrodes were
then polarized galvanostatically for 180 s in 0.05 M K2SO4

solution, using currents of various magnitude and direction
(cathodic and/or anodic).

After polarization, the glassy carbon disks with the ion-
selective membrane and polypyrrole transducer were dis-
mounted from the electrode body, well rinsed with water
and tissue dried. Then, they were immediately placed in a
holder of LA ICP MS chamber in upside down position,
i.e., the outer PVC membrane was facing the laser beam.
Each LA ICP MS profile determination was repeated a few
times (at least in triplicate) from various parts of the
membrane.

Results and discussion

The composition of ion-selective membranes of electrodes
used in chronopotentiometric mode should be different
from those used in classical open-circuit potentiometry

[16]. The ion-exchanger should be replaced with a salt of
lipophilic both cation and anion to avoid spontaneous
accumulation of ions, accompanying galvanostatic process.
In this work, the lipophilic salt applied was tetradodecy-
lammonium tetrakis(4-chlorophenyl) borate (ETH 500).
The membranes prior to galvanostatic experiment were
conditioned in water; therefore, they did not contain
primary ions (K+) before current application.

The polypyrrole transducer was polymerized from NaCl
solution (instead of typical KCl) to avoid presence of K+

ions in the polymer and thus to avoid influence on K+

amount in the membrane. Moreover, carrying out poly-
merization using different electrolyte from that in galvano-
static experiment opens possibility to follow independently
ions contents changes both in the conducting polymer and
in the membrane, using LA ICP MS method.

In course of galvanostatic experiment, the conducting
polymer layer was either oxidized or reduced. The maximal
current used in the process was 1.2·10−6 A, thus the flowing
charge was close to 2·10−4 C, i.e., about 2% of the
oxidation charge accumulated in the polypyrrole layer.
Therefore, the change of polypyrrole oxidation state during
chronopotentiometric experiment was negligibly small.

Figure 1 presents examples of chronopotentiometric
curves recorded for potassium all-solid-state sensors, for
two values of cathodic current. The cathodic polarization is
expected to stimulate K+ ions incorporation into the
membrane. Potentials recorded for higher currents are much
lower, due to influence of ohmic resistance of the
membrane. From the potential difference at the beginning
of the measurement (ΔE), the approximate resistance value
can be estimated from ΔE/(current difference), and the
obtained value is close to 1 MΩ, a typical value for the used
PVC-based membrane.
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Fig. 1 Chronopotentiometric curves recorded for all-solid-state K+-
selective electrodes
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Chronopotentiometric curves (Fig. 1) are significantly
bent pointing to diffusion limitations in current flow,
resulting in concentration polarization effects. Moreover,
for the higher cathodic current, the potential decrease at the
end of experiment becomes faster suggesting lowering of
free ionophore concentration close to the membrane
surface.

For a simple case of linear diffusion limited process, the
concentration change at an interface can be described by the
formula [33]:

c 0; tð Þ ¼ c0 � 2I

nFA Dpð Þ1=2
t1=2 ð1Þ

where c0 and c(0,t) are concentrations of transferred species
in bulk and at the interface, respectively, I is applied
current, n = number of electrons, F = Faraday’s constant,
A = electrode surface area, D = diffusion coefficient of
transferred species, and t = time. The ± sign depends on
flux direction of transferred species.

Equation 1 enables rough estimation of concentration
polarization effects (migration neglected). For K+ ions in
the electrolyte solution (c0=10−4 mol·cm−3, D=2·10−5

cm2s−1 [34], n=1) and cathodic current I=7.5·10–7 A, the
relative change of K+ concentration (solution close to the
membrane vs. solution bulk) is below 0.5%. On the other
hand, for free ionophore (c0∼7 10–5 mol cm-3, D=2·10−8

cm2s−1 [23], n=1) and the same current and electrolysis
time, the change (interface vs. membrane bulk) is approach-
ing 15%, pointing to significant concentration polarization
effect, visible on the chronopotentiometric curve (Fig. 1).

However, more significant changes of concentration
should relate to K+ ions in the membrane, because the
membrane is initially void of these ions. Information about
potassium ions distribution can be collected directly from
LA ICP MS experiments. Figure 2 presents exemplary
results—dependence of signals of elements 39K, 23Na, and
35Cl within the sensor on the distance from the membrane
surface. These signals were expected to bring information
about cations incorporation form the solution to the
membrane (39K), from the polypyrrole layer to the
membrane (23Na) and anion transfer (35Cl). Although
chlorine is present both in PVC and polypyrrole (doping
chloride ions), it is uniformly distributed in both phases.
Thus, any deviations from this distribution can suggest
interfacial transfer. The “sensor thickness” value 0 corre-
sponds to the membrane/solution interface. Inside the
membrane, the sodium signal is rather low (the membrane
did not contain sodium ions), but then a sharp increase is
observed, corresponding to approaching the polypyrrole
layer containing Na+ cations (accumulated from the
polymerization solution). A similar sharp signal intensity
change marking the membrane/polypyrrole interface was
visible for 35Cl.

One should be aware of possible limitations and errors
related with this method and available parameters, resulting
e.g., in membrane fractionation or conical crater formation
inside the membrane. The influence of such errors was
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Fig. 2 Intensity of the measured signal as a function of laser ablation
penetration depth obtained for tested all-solid state potassium electro-
des: a as prepared sensor (no current applied), b sensor polarized with
cathodic current 2.5 10−7 A, c sensor polarized with cathodic current
7.5 10−7 A. Black lines correspond to sodium signal, red lines to
potassium signal, green lines to chlorine signal
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reduced by comparing the results for non-polarized (blank)
and polarized membranes, and by repeating ablation from
various parts of the same membrane.

For a non-polarized membrane (only conditioned in
water) a low level of potassium was observed, which can be
regarded as a background level (Fig. 2a). After cathodic
chronopotentiometric polarization (I=2.5 10−7 A, Fig. 2b)
significantly higher amount of potassium was recorded,
especially close to the membrane/solution interface and
then the signal was lowering in the membrane bulk. This
result confirms the hypothesis of the galvanostatically
forced incorporation of K+ ions into the membrane. Since
the membrane did not contain removable ions, the charge
carriers at the polypyrrole/membrane interface should be
chloride ions released from polypyrrole to the membrane,
ensuring eleectroneutrality of reduced conducting polymer.
Figure 2b confirms the role of chloride ions showing a peak
of Cl signal at the distance corresponding to the membrane/
polypyrrole interface.

For higher currents, qualitatively similar results were
obtained (results for I=7.5 10−7 A were shown, Fig. 2c),
only the signal of potassium, particularly at the membrane/
solution interface was increasing with rising current
magnitude. Using Eq. 1 and assuming for K+ in the
membrane c0=0, the surface concentration of K+ ions in
the membrane (c(0,t)) should be linearly dependent on
applied current magnitude. Since the ICP MS signal is
proportional to the concentration of the element in the
membrane, a linear dependence of 39K signal on I will be
expected. Figure 3 shows such dependence confirming this
assumption, even for high currents where ionophore
depletion close to the membrane/solution interface is
significant. In such a case, also free K+ ions, non-
complexed by the ionophore, are expected to be transferred
across the membrane. Since results concerning the mem-
brane surface were taken into consideration, positive errors

resulting from conical crater formation are of negligible
significance in this case.

In the case of anodic polarization, the shape of
chronopotentiometric curves is significantly dependent on
the magnitude of applied current (Fig. 1). For I=2.5 10−7 A,
a curve of similar shape as for cathodic process (but with
potential increase) was recorded, while for higher current
(7.5·10−7 A) a relatively stable potential around + 3V was
achieved (results not shown). The latter effect can result
from limitations in charge transfer across the interfaces
because this process should be accompanied either by
anions transfer from the membrane to the conducting
polymer (transferable anions are not available in the
membrane) or incorporation of Na+ cations from polypyr-
role to the membrane (present in limited amount because
the anion-exchanging form of polypyrrole was applied).
These expectations were confirmed by LA ICP MS results
(Fig. 4). The potassium signal is much lower than in case of
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Fig. 3 Dependence of the membrane surface signal intensity of 39K
on cathodic current
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Fig. 4 Intensity of the measured signal as a function of laser ablation
penetration depth obtained for tested all-solid state potassium electro-
des: a sensor polarized with anodic current 2.5 10−7 A, b sensor
polarized with anodic current 7.5 10−7 A. Black lines correspond to
sodium signal, red lines to potassium signal, green lines to chlorine
signal
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cathodic polarization, although slightly higher compared to
the non-polarized membrane. On the other hand, no
significant changes in sodium profile at the polymer/
solution interface were recorded, where Na+ transfers from
the conducting polymer to the membrane would be
expected. Moreover, no distinct changes of 32S signal were
noticed, proving no significant incorporation of sulfate
anions from solution (results not shown). Therefore, the
studied sensor, previously not contacted with K+ ions,
seems to operate as a rectifying device, easily passing
cathodic current (incorporation of K+ ions preferred in the
membrane), but being a barrier for higher anodic currents.

Multiple application of an all-solid-state sensor working
in galvanostatic mode requires possibility of fast and
complete recovery of its initial state, as before current
application. Shvarev and Bakker [16] have used appropriate
potentiostatic polarization after galvanostatic pulse applica-
tion; however, in the present case, the problem seems more
significant due to more advanced electrolysis (higher
currents, longer time). Therefore, in the next experiment,
the extent of initial membrane state recovery was checked
using anodic polarization just after cathodic one, with the
same current magnitude and polarization time. Figure 5
presents LA ICP MS results obtained directly after
cathodic/anodic polarization using current 7.5 10−7 A, with
polarization time 180 s in each step. This plot shows
presence of considerable potassium amount in the mem-
brane outer part; however, lower than after cathodic
polarization only (160,000 cps vs. ∼400,000 cps close to
the membrane surface). On the other hand, a stronger
chlorine signal was recorded close to the membrane/
polypyrrole interface, confirming the role of chloride ions
in ion transfer. This result confirms that initial state (lack of
K+ cations) cannot be achieved in this way, probably much

longer polarization is required. This effect can result from
strong interactions of K+ ions with valinomycin, stimulat-
ing ions incorporation over their release back into the
solution. Therefore, the membrane composition becomes a
kind of “fingerprint” of the membrane history.

Another valuable application of chronopotentiometry for
all-solid-state ion-selective sensors can be galvanostatic
conditioning, resulting in inducing appropriate concentra-
tion gradients, necessary to obtain desirable potentiometric
characteristic under open circuit conditions [14]. An
important issue in this case would be open circuit stability
of obtained concentration profiles. The electrodes after
cathodic polarization and LA ICP MS experiment were left
in the ambient atmosphere with no contact with solution.
Then the LA ICP MS experiment was repeated.
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Fig. 5 Intensity of the measured signal as a function of laser ablation
penetration depth obtained for tested all-solid state potassium
electrode polarized first with cathodic current, and then with anodic
current, both equal to 7.5 10−7 A. Black line corresponds to sodium
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Fig. 6 Intensity of the measured signal as a function of laser ablation
penetration depth obtained for tested all-solid state potassium electro-
des after some time post polarization: a the sensor polarized with
anodic current 2.5 10−7 A and left for 2 h, b the sensor polarized with
anodic current 7.5 10−7 A and left for 1 h and 15 min. Black lines
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For all studied membranes after 1–2 h waiting, signifi-
cant changes in the element distribution recorded by LA
ICP MS results were observed. Exemplary plots of exactly
the same systems as in Fig. 2, for two cathodic current
values and two waiting times, are presented in Fig. 6. The
39K concentration profile becomes more elevated (com-
pared to Fig. 2), the maximum concentration moves more
into the membrane, and the concentration close to the
membrane surface is considerably lower than just after
polarization. The maximal values are similar for both cases,
although different polarizing current were applied. This
effect can be explained by shorter relaxation time in case of
higher current. Taking into account the diffusion coefficient
value of K+–valinomycin complex (D=2·10–8 cm2s-1 [23])
and approximate thickness of the membrane L=100 µm, the
time required to obtain significant changes in K+ ions
distribution in the membrane (L2/D) is around 2 ÷ 3 h,
consistent with our results obtained from LA ICP MS
measurements.

It should be underlined that in such a case, the relaxation
process is possible without contact with bathing solution
because the membrane is still wet. These results denote also
that potential benefits from galvanostatically established
concentration profiles are available for potentiometric
analysis only for a short time period after chronopotentio-
metric conditioning, in the range of minutes.

Conclusions

Within this work, it was proved that LA ICP MS enables
visualization of element distribution in galvanostatically
polarized K+-selective all-solid-state sensors. As expected,
significant asymmetry was observed related to applied
current direction. For cathodically polarized electrodes K+

ions were easily incorporated into the membrane and their
concentration in the membrane, close to the solution phase,
was linearly dependent on the applied current. However, for
anodic polarization of K+ ions-free membrane, ion transfer is
significantly limited resulting in high anodic overpotential.

The mass spectrometry measurements of the micro-
samples ablated by laser beam from the membranes proved
also to be useful tool to study the recovery of the membrane
state after cathodic polarization. Both anodic polarization
and open circuit conditioning experiments confirmed slow
regaining of the initial state. This is disadvantageous effect
for multiple application of the sensor in galvanostatic mode,
but it may be promising in case of galvanostatic condition-
ing of potentiometric sensors, inducing concentration
gradients useful from the point of view of desirable
analytical parameters.

Acknowledgement This work was supported from scientific research
funds (Poland) within the research project N204 242234 for years 2008-
2011 (AM, WJ, KM) and from the project 120000-5011/68-BW-
175616 at Warsaw University (MW).

References

1. Sokalski T, Zwickl T, Bakker E, Pretsch E (1999) Anal Chem
71:1204–1209

2. Lindner E, Buck RP (2000) Anal Chem 72:336A–345A
3. Bakker E, Pretsch E (2005) Trends Anal Chem 24:199–207
4. Bobacka J, Ivaska A, Lewenstam A (2008) Chem Rev 108:329–

351
5. Bobacka J (2006) Electroanalysis 18:7–18
6. Michalska A (2006) Anal Bioanal Chem 384:391–406
7. Igelhart ML, Buck RP, Pungor E (1988) Anal Chem 60:290–295
8. Nahir TM, Buck RP (1993) J Phys Chem 97:12363–12372
9. Lindner E, Gyurcsányi RE, Buck RP (1999) Electroanalysis

11:695–702
10. Pergel E, Gyurcsányi RE, Tóth K, Lindner E (2001) Anal Chem

73:4249–4253
11. Morf WE, Badertscher M, Zwickl T, de Rooij NF, Pretsch E

(2002) J Electroanal Chem 526:19–28
12. Bedlechowicz I, Sokalski T, Lewenstam A, Maj-Żurawska M

(2005) Sens Actuators B 108:836–839
13. Michalska A, Dumańska J, Maksymiuk K (2003) Anal Chem

75:4964–4974
14. Michalska A (2005) Electroanalysis 17:400–407
15. Pawłowski P, Michalska A, Maksymiuk K (2006) Electroanalysis

18:1339–1346
16. Shvarev A, Bakker E (2003) Anal Chem 75:4541–4550
17. Makarychev-Mikhailov S, Shvarev A, Bakker E (2006) Anal

Chem 78:2744–2752
18. Shvarev A, Bakker E (2005) Anal Chem 77:5221–5228
19. Gemene KL, Shvarev A, Bakker E (2007) Anal Chim Acta

583:190–196
20. Perera H, Shvarev A (2007) J Am Chem Soc 129:15754–15755
21. Bobacka J (1999) Anal Chem 71:4932–4937
22. Bobacka J, Lewenstam A, Ivaska A (2001) J Electroanal Chem

509:27–30
23. Zook JM, Buck RP, Gyurcsanyi RE, Lindner E (2008) Electro-

analysis 20:259–269
24. Zook JM, Buck RP, Langmaier J, Lindner E (2008) J Phys Chem

B 112:2008–2015
25. Schneider B, Zwickl T, Federer B, Pretsch E, Lindner E (1996)

Anal Chem 68:4342–4350
26. Lindner E, Zwickl T, Bakker E, Lan BTT, Tóth K, Pretsch E

(1998) Anal Chem 70:1176–1181
27. Gyurcsányi R, Lindner E (2002) Anal Chem 74:4060–4068
28. Gyurcsányi R, Lindner E (2005) Anal Chem 77:2132–2139
29. Long R, Bakker E (2004) Anal Chim Acta 511:91–95
30. Michalska A, Wojciechowski M, Bulska E, Maksymiuk K (2008)

Electrochem Commun 10:61–65
31. Konopka A, Sokalski T, Lewenstam A, Maj-Żurawska M (2006)

Electroanalysis 18:2232–2242
32. Michalska A, Wojciechowski M, Wagner B, Bulska E, Maksymiuk

K (2006) Anal Chem 78:5584–5589
33. Galus Z (1994) Fundamentals of electrochemical analysis. Ellis

Horwood Ltd., Chichester
34. RobinsonRA, Stokes RH (1959) Electrolyte solutions. Butterworths,

London

J Solid State Electrochem (2009) 13:107–113 113


	Element profiles in galvanostatically polarized K+-selective all-solid-state sensors with poly(vinyl chloride)-based membranes
	Abstract
	Introduction
	Experimental
	Apparatus
	Reagents
	All-solid-state electrodes

	Results and discussion
	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


