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Abstract:

Potassium-selective organic electrochemical transistors (OECTs) provide a route for coupling ion
recognition with amplified electronic readout in low-voltage sensing platforms. Here, we report a
multilayer screen-printed OECT incorporating Ag/AgCl contacts, carbon conductors, a
polyethylene glycol (PEG)- and Tween 80-modified PEDOT:PSS channel, dielectric
encapsulation, and a potassium ionophore IlI-based ion-selective membrane. The electrical and
electrochemical response of the device was investigated over KCI concentrations from 1.0 x 10~
to 1.67 M using output and transfer characteristics, transient gate modulation, cyclic voltammetry,
electrochemical impedance spectroscopy, and interference measurements. Increasing K*
concentration produced progressively stronger drain-current modulation, yielding a current
sensitivity of 4.61 pA decade™ (R? = 0.9918) and an equivalent gate-voltage-shift sensitivity of
137.7 mV decade! (R? = 0.9953). Transient measurements showed reversible and concentration-
dependent switching, while cyclic voltammetry revealed increasing anodic and cathodic current
magnitudes with increasing KCl concentration. Impedance spectroscopy further showed a
concentration-dependent reduction in effective electrochemical impedance and enhanced low-
frequency capacitive behavior. The device exhibited preferential response to K* over NHa*, Na*,
Mg?*, and Ca?**, with drain-current modulation approximately 1.3—4.8 times larger than that of the
tested interferents. The combined measurements establish a direct relationship between selective
K* transport, interfacial electrochemical processes, and modulation of electronic conduction in the
PEDOT:PSS channel, providing mechanistic insight into ion sensing in screen-printed OECTs.

1. Introduction

Potassium ions (K*) are essential to physiological homeostasis and plant nutrition. In humans,
K™ is the principal intracellular cation and governs membrane potential, neuromuscular signaling,
muscle contraction, and fluid balance [1]. As a result, potassium imbalance carries direct clinical



significance. Localized K* dynamics can also carry organ-specific information: K*-rich
endolymph, for example, is central to sensory transduction in the cochlea which has motivated
miniaturized sensors for continuous monitoring in the inner ear [2]. Sweat offers a less invasive
route for tracking electrolyte loss during exercise, and wearable systems have combined K*
detection with glucose or sodium measurement to assess hydration and physiological status [3],
[4]. In agriculture, K* regulates osmotic balance, stomatal function, enzyme activation, and
photosynthesis [5] and in-soil K* probes have accordingly been investigated for monitoring
nutrient availability at multiple depths [6]. Across these applications, sensors must remain
selective and reliable over markedly different concentration ranges, ionic backgrounds, sample
volumes, and operating environments.

Potassium is commonly measured using ion-selective electrodes (ISEs), potentiometric cells,
and ion-sensitive field-effect transistors. In a conventional K*-ISE, a plasticized polymer
membrane containing a selective ionophore and lipophilic ionic sites develops an interfacial
potential that depends on K* activity. Solid-contact architectures remove the internal filling
solution and support miniaturization, wearability, and point-of-care use [7]. Polymeric K*-
selective membranes have been integrated into digital microfluidic platforms [8], laser-induced
graphene electrodes for salivary analysis [9], and wearable sweat systems [3], [4]. However,
potentiometric sensors produce a voltage without intrinsic gain and require a stable reference
electrode and high-input-impedance instrumentation. Their logarithmic response also makes small
concentration differences difficult to resolve in samples with a high background electrolyte, such
as potassium determination in serum containing a much larger sodium concentration [10].

Organic electrochemical transistors (OECTs) address these limitations because they operate at
low voltages and couple ionic transport in an electrolyte to electronic conduction in an organic
mixed ionic-electronic conductor [11]. The concept originated with the electrolyte-gated
polypyrrole transistor reported by White et al. in 1984, in which three closely spaced gold
microelectrodes coated with polypyrrole were controlled by a small gate charge that shifted the
oxidation state and conductivity of the polymer [12]. Modern depletion-mode PEDOT:PSS
OECTs operate through the same electrochemical principle: a positive gate bias drives cations into
the channel, compensating the sulfonate groups and reducing the population of oxidized PEDOT
charge carriers, thereby decreasing the drain current [11], [13]. Because the ionic charge is stored
throughout the channel volume rather than at a single interface, as in a conventional field-effect
transistor, transconductance scales with the channel geometry Wd/L and the material parameter
uC*, where p is the electronic mobility and C* is the volumetric capacitance [ 14]. This volumetric
coupling enables millisiemens-scale transconductance in microscale devices, but it also means that
increasing channel thickness increases ionic charging time, creating a trade-off between signal
amplification and response speed [11], [13]. PEDOT:PSS is especially attractive for printed
OECTs because it is commercially available as an aqueous dispersion and compatible with
additive, low-temperature fabrication on diverse substrates. This relevance to implantable
bioelectronics was also discussed from an electron-device and systems-roadmap perspective by
Mahmud et al.[15] .

The gate/electrolyte and electrolyte/channel interfaces determine how the applied gate bias is
distributed within an OECT. For effective channel modulation with a polarizable gate, the gate
capacitance should be substantially larger than the channel capacitance, whereas a nonpolarizable
Ag/AgCl gate minimizes the voltage drop at the gate/electrolyte interface [13], [14]. Analyte-
dependent Faradaic reactions can further shift the effective gate voltage in an early enzymatic
OECT glucose sensor, Bernards et al. related this shift to the Nernstian change in interfacial



potential and showed that the response scaled with the gate-to-channel capacitance ratio [16]. Ion
selectivity is commonly introduced by coupling the OECT to an ion-selective membrane (ISM),
either at the gate, directly on the channel, or through an intermediate ionic element. Early K*-
selective OECTs demonstrated that the transconductance of the transistor could convert an
ionophore-generated membrane potential into a current sensitivity approaching 50 pA decade™
[17]. Subsequent studies expanded the device format and target application. Textile OECTs
enabled wearable K* monitoring in sweat [18]; ion-selective OECTs were developed for sodium
analysis in blood [19]; and microfabricated OECT arrays functionalized with different ISMs
enabled real-time multiplexed monitoring of Na* and K* [20]. A paper-based thick-film IS-OECT
optimized for clinical potassium analysis reported a 0.1-100 mM linear range and discrimination
of 0.05 mM concentration changes in artificial serum [10]. More recently, floating-gate OECT
circuits spatially separated the selective membrane from channel modulation and detected K* in
the presence of a substantially higher Na* background [21], while paper-based IS-OECTs have
been extended to combined potassium and creatinine determination [22]. Of particular relevance
to scalable fabrication, Strand et al. reported fully screen-printed K*-selective OECTs on flexible
polyethylene naphthalate for whole-plant sap analysis. Incorporating 25 wt% sorbitol into the
PEDOT:PSS formulation increased the maximum transconductance from 2.4 to 5.0 mS, while the
completed sensors achieved current and voltage sensitivities of 170 pA decade™ and 99 mV
decade™, respectively, a 10 uM detection limit, and analysis of a single drop of raw sap within 3
min [23]. Most recently, a flexible three-channel OECT array with a shared gate simultaneously
detected Na*, K*, and Ca?" in human biofluids, with sensitivity exceeding 1 mA decade™ and a K*
detection limit of 4.92 puM; its miniaturized wireless readout and machine-learning workflow
further addressed cross-interference and enabled mobile, real-time physiological monitoring [24].

Collectively, these studies establish the versatility of OECT-based ion sensing and confirm that
fully printed K*-selective transistors are feasible. Nevertheless, the relationship between K*
concentration and the transistor, switching, and interfacial electrochemical behavior of a multilayer
screen-printed Ag/AgCl-carbon—PEDOT:PSS platform remains insufficiently resolved. Prior
studies have generally emphasized analytical calibration, selectivity, or system-level signal
processing rather than examining the same printed device through output and transfer
characteristics, dynamic gate switching, cyclic voltammetry, and electrochemical impedance
spectroscopy together. Such a combined analysis can connect amplified drain-current changes with
concentration-dependent ion transport, charge transfer, and interfacial capacitance, while the
multilayer process itself can pattern contacts, carbon conductors, the organic channel, and
dielectric encapsulation by scalable additive manufacturing.

Our previous work established the electrochemical transport, transconductance, gate leakage,
and parasitic effects of unfunctionalized screen-printed PEDOT:PSS OECTs [25]. The present
study extends this platform to selective ion sensing by integrating a potassium ionophore I1I-based
ion-selective membrane with a multilayer screen-printed Ag/AgCl-carbon—PEDOT:PSS
architecture. The key contribution is a systematic electrical and electrochemical investigation of
K*-dependent transduction using complementary output and transfer characteristics, transient gate
modulation, cyclic voltammetry, electrochemical impedance spectroscopy, and interference
measurements. By correlating these responses within the same device architecture, the study
examines how K*-dependent ion transport and interfacial electrochemical processes influence
modulation of the PEDOT:PSS channel.

Here, the potassium-selective OECT is evaluated over KCI concentrations ranging from 1.0 x
10* to 1.67 M. Electrical measurements quantify concentration-dependent drain-current



modulation and equivalent gate-voltage shifts, while transient measurements probe dynamic ionic
modulation and switching behavior. Cyclic voltammetry and electrochemical impedance
spectroscopy provide complementary information on electrochemical charging, ion transport,
interfacial polarization, and impedance changes, and interference measurements assess the
preferential response to K* relative to NH4", Na*, Mg**, and Ca**. Together, these measurements
establish relationships between selective ion transport, interfacial electrochemistry, and electronic
modulation in a scalable screen-printed OECT architecture.

2. Experimental Details
2.1. Materials

The  organic  semiconductor  poly(3,4-ethylenedioxythiophene)(styrene  sulfonate)
(PEDOT:PSS, Clevios™), Ag/AgCl conductive ink, carbon conductive ink, and dielectric
encapsulation ink were used for device fabrication. Potassium ion-selective membranes (K*-ISM)
were prepared using high-molecular-weight poly(vinyl chloride) (PVC), potassium ionophore III,
potassium tetrakis(4-chlorophenyl) borate (KTpCIPB), and 2-nitrophenyl octyl ether (2-NPOE)
dissolved in tetrahydrofuran (THF). Potassium chloride (KCI), sodium chloride (NaCl), and
deionized (DI) water were used for sensor conditioning and electrical characterization.

2.2 Potassium Ion-Selective Membrane Preparation

The potassium ion-selective membrane (K*-ISM) solution was prepared by dissolving
poly(vinyl chloride) (PVC, 32.80 wt%), 2-nitrophenyl octyl ether (2-NPOE, 65 wt%), potassium
ionophore III (2 wt%), and potassium tetrakis(4-chlorophenyl) borate (KTpCIPB, 0.2 wt%) in
tetrahydrofuran (THF). The solution was continuously stirred until a homogeneous membrane
precursor was obtained. The resulting membrane solution was used for drop-casting onto the
transistor sensing region.

2.3 Device Fabrication

The potassium-selective OECT was fabricated using a multilayer screen-printing process, as
illustrated in Figure 1. Ag/AgCl electrodes defining the source, drain, gate, and auxiliary contact
pads were first screen-printed and thermally cured, after which a carbon layer was printed on top
of the Ag/AgCl electrodes to improve electrical conductivity and provide a stable interface for the
active sensing layers.

A PEDOT:PSS channel was subsequently screen-printed between the source and drain
electrodes and thermally annealed at 120°C for 30 minutes to form the organic semiconducting
channel. Before printing, the PEDOT:PSS paste was modified by incorporating 3 wt.%
polyethylene glycol (PEG) and 0.67 wt.% Tween 80. PEDOT:PSS is a p-type, hole-conducting
organic semiconductor that supports mixed ionic and electronic transport, making it well suited
for organic electrochemical transistor applications [26], and the addition of PEG and Tween 80
improves the printability, electrical conductivity, and stability of the channel, thereby enhancing
overall device performance [27], [28].

Following channel deposition, a dielectric encapsulation layer was printed to electrically isolate
the conductive tracks while exposing only the active channel and gate regions. The structure of
regular OECTs have shown stable performance at two different channel lengths [25]. The
fabricated devices were then immersed in 0.1 M NaCl solution for 1 h to condition the PEDOT:PSS



channel. An ion-treatment step using NaCl introduces mobile ions into the bulk of the composite
layer, thereby forming an internal ionic reservoir within the channel [23], [29].

After conditioning, the potassium ion-selective membrane was drop-cast over the exposed
channel region and allowed to dry under ambient conditions. Finally, a polydimethylsiloxane
(PDMYS) reservoir was attached to the device surface to confine the electrolyte during electrical
and electrochemical measurements.
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Figure 1. Overview of the screen-printed potassium-selective organic electrochemical
transistor (OECT) platform. (a) Motivation and potential applications of K* monitoring in
biomedical, agricultural, and environmental settings. (b) Multilayer fabrication workflow of
the screen-printed OECT (¢) Schematic of the device architecture and proposed K*-sensing
mechanism, illustrating selective K* transport (d) Electrical and electrochemical
characterization scheme, including OECT transfer/output and transient measurements, cyclic
voltammetry (CV), and electrochemical impedance spectroscopy (EILS).

2.4 Morphological and Elemental Characterization

The surface morphology of the individual printed layers, including Ag/AgCl, carbon, PEDOT,
and potassium ion-selective membrane films, was investigated using scanning electron
microscopy (SEM) as shown in figure 2. Cross-sectional interface regions between the Ag/AgCl-
carbon, carbon-PEDOT, and K*-ISM-carbon layers were also examined to evaluate film
uniformity, surface coverage, and interfacial continuity. The Ag/AgCl layer exhibited a porous,
granular morphology that increases electrochemically active surface area and facilitates ion
exchange, while the printed carbon layer showed a rough, interconnected microstructure that
provides efficient electrical pathways and enhanced adhesion between successive layers.

The PEDOT:PSS film displayed a relatively uniform morphology with interconnected polymer
domains, favorable for charge transport and volumetric ion penetration during transistor operation,



and the potassium ion-selective membrane exhibited a dense, continuous structure indicating
successful membrane formation over the sensing region.

Ag/AgCl Carbon ~ PEDOT:PSS ] KCLISM

Carbon - PEDOT:PSS
Carbon ~ * PEDOT:PSS

Figure 2. SEM images of individual printed layers (Ag/AgCl, carbon, PEDOT:PSS, and
K*-ISM) and interface regions including Ag/AgCl—carbon, carbon—PEDOT:PSS, and K*-
ISM—carbon.

SEM images further demonstrated strong interfacial continuity between Ag/AgCl and carbon
layers, as well as between carbon and PEDOT:PSS. The PEDOT:PSS film appeared rougher after
polyethylene glycol and tween80 modification, increasing the effective surface area and
facilitating ionic transport[27], [30], [31] . The K*-ISM/carbon interface showed conformal
membrane coverage without significant cracks or delamination. Such structural integrity is critical
for stable ion transport and reproducible sensor performance. The observed multilayer morphology
confirms the compatibility of screen printing for scalable fabrication of potassium-selective OECT
devices.

The elemental composition of the potassium ion-selective membrane was analyzed using
energy-dispersive X-ray spectroscopy (EDS) (Figure S1). The spectrum exhibits prominent peaks
corresponding to carbon (C), oxygen (O), chlorine (Cl), and potassium (K), confirming presence
of the membrane constituents. Carbon and oxygen originate primarily from the PVC polymer
matrix and plasticizer (2-NPOE), while chlorine is associated with the PVC backbone and
potassium tetrakis(4-chlorophenyl) borate (KTpCIPB).

Quantitative analysis revealed elemental compositions of approximately 67.6 wt% C, 21.9 wt%
CL 7.5 wt% O, 1.5 wt% N and 1.4 wt% K demonstrating a chemically stable ion-selective layer.
The successful incorporation of potassium-containing species is essential for selective ion
transport and efficient modulation of the OECT channel.

2.5 Electrical and Electrochemical Characterization
The electrical and electrochemical characterization of the OECT devices was performed
according to the guidelines reported by Ohayon et. al.[32]. Electrical measurements of the



potassium-selective OECT were conducted using a Keithley 4200 semiconductor parameter
analyzer. Output characteristics were recorded by sweeping the drain—source voltage (V/pg) from
0 to -1.5 V at different gate—source voltages (Vgg) from 0 to 1 V. Transfer characteristics were
obtained by sweeping Vg from 0 to 1 V at fixed Vpg value at -2 V in potassium chloride solutions
with varying concentrations.

Sensing performance was evaluated using KCIl concentrations ranging from 0.0001 M to 1.67
M. For each measurement, the electrolyte solution was introduced into the PDMS reservoir
covering both the gate and channel regions. The variation in drain current with potassium
concentration was used to construct calibration curves and determine sensor sensitivity.

Electrochemical characterization was carried out using a PalmSens potentiostat. Cyclic
voltammetry (CV) measurements were performed in the same KCl solutions, from 0.0001 M to
1.67 M, to evaluate the electrochemical activity of the sensing interface: the potential was swept
within a fixed voltage window at a constant scan rate of 50 mV/s, and the resulting oxidation and
reduction currents were recorded.

Electrochemical impedance spectroscopy (EIS) measurements were conducted over a
frequency range from 10 Hz to 100 kHz using a sinusoidal excitation signal. following the
procedure described by Luginieski et. al. [33]. During the measurements, the drain and source
terminals were short-circuited, the DC bias was held at 0.20 V, and an AC amplitude of 0.05 V
was applied. Nyquist and Bode plots were analyzed to evaluate changes in charge-transfer
resistance and phase response as a function of potassium-ion concentration, and the anodic current
and phase deflection were subsequently extracted from the impedance data and correlated with the
transistor’s sensing performance, following the approach of Pecqueur et. al. [34].

3. Results and Discussion
3.1 Output Characteristics of Potassium-Selective OECT

Figure 3 presents the output characteristics of the potassium-selective OECT measured at KCl1
concentrations ranging from 0.0001 M to 1.67 M; the corresponding characteristics for the Tween
80-modified device are provided in Figure S3. The drain current increased with increasing drain
voltage while exhibiting effective gate modulation across all potassium concentrations, confirming
proper transistor operation.

At low potassium concentrations (0.0001-0.01 M), only modest modulation of the drain current
was observed due to limited ionic transport through the ion-selective membrane. As the potassium
concentration increased to 0.1 M and above, larger changes in drain current were obtained,
indicating enhanced ionic conductivity and more efficient gating of the PEDOT:PSS channel.

At the highest KCI concentrations, 0.67 M and 1.67 M, the separation between output curves
recorded at different gate voltages became markedly more pronounced, reflecting stronger
transistor amplification. The increased ionic strength facilitates potassium ion transport through
the membrane and promotes dedoping of the PEDOT:PSS channel, producing larger modulation
of channel conductivity; this concentration dependence is examined more directly through the
transfer characteristics below.

The improved modulation at higher KCIl concentrations can be attributed to increased ionic
conductivity and more efficient transport of K* ions through the ion-selective membrane [23], [24].
The transported ions induce electrochemical dedoping of the PEDOT:PSS channel, thereby
changing its conductivity and modulating the drain current [35], [36]. These results confirm that



the printed OECT successfully transduces potassium ion concentration into an amplified electrical
signal.
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Figure 3. Output characteristics of the potassium-selective OECT measured in KCI
solutions of varying concentrations from 0.0001 M to 1.67 M under different gate
voltages.

3.2 Transfer Characteristics of Potassium-Selective OECT

Figure 4 presents the transfer characteristics of the potassium-selective OECT (PEG-modified
PEDOT:PSS), measured over a KCI concentration range of 1.0 x 10 to 1.67 M; the corresponding
characteristics for the Tween 80-modified device are provided in Figure S4. The device exhibited
typical depletion-mode behavior, with the drain current decreasing progressively as the positive
gate voltage increased. This behavior results from the injection of cations into the PEDOT:PSS
channel, which compensates the positively charged PEDOT chains and causes electrochemical
dedoping [37], [38], so that channel conductivity and drain current both decrease.

The transfer curves shifted systematically with increasing KCl concentration. At a given gate
voltage, the drain current decreased as the potassium concentration increased, with the largest
current suppression observed at 0.67 and 1.67 M. This concentration-dependent modulation is
consistent with increased K* transport through the ion-selective membrane and stronger ionic
gating of the OECT channel. At higher concentrations, the increased activity of K* produces
stronger ionic gating and more extensive dedoping of PEDOT:PSS. The clear separation among
the transfer curves demonstrates the ability of the OECT to convert variations in potassium
concentration into measurable electrical responses. This behavior is same as the ion sensing from
OECT [16], [19], [35].

The change in drain current, Alj, also increased monotonically with potassium concentration,
as shown in Figure 5a. The corresponding calibration relationship was



Al = 2.0 X 1076 log,o[K*] + 3.0 X 1075 (1)

with R? = 0.9918. Therefore, the current sensitivity was equivalent to
Sar, = (2.0 uA)In(10) = 4.61 pA decade™ )

The sensor therefore demonstrated a current sensitivity of approximately 4.61 uA decade™. The
high linearity of both calibration plots confirms reliable potassium quantification over more than
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Figure 4. Transfer characteristics of the screen-printed potassium-selective organic
electrochemical transistor (OECT) measured in KCl solutions with concentrations ranging
from 0.0001 M to 1.67 M at drain voltages of —2V

four orders of magnitude in concentration. These devices show improvement compared with other
reported K™ ISM-based electrolyte gated-organic electrochemical transistor sensors [23], [24]. The
lowest experimentally evaluated concentration was 1.0 X 10™* M, corresponding to 0.1 mM KCI
or approximately 3.91 ppm K*.
The analyte-induced membrane potential (E,,;), which depends logarithmically on the analyte
activity (or approximately its concentration), can be described by the Nernst equation [39]:
Ep = E° + = In[M"™] 3)
where Eis the standard potential, kis the Boltzmann constant, Tis the absolute temperature,
nis the ionic charge number, eis the elementary charge, and [M™* |represents the activity or
concentration of the target ion. The analyte-induced variation in E,,modulates the effective gate
potential according to
Vet =V + Ep (4)

Consequently, the observed decrease in the drain—source current (Ipg) reflects a shift in Vi og.
By correlating the Ipgchange with the device transfer characteristics, the effective gate-potential
shift—and hence the membrane potential E,,—can be quantitatively determined.

The equivalent gate-voltage shift, AV, was extracted from the transfer characteristics[40] and
plotted against potassium concentration, as shown in Figure 5b. The calibration response followed



AV, = 0.0598 log,,[K*] + 0.6626 (5)

with a coefficient of determination of R? = 0.9953. Expressed on the more commonly reported
base-10 logarithmic scale, the sensitivity was calculated as

Sav, = 0.05981n(10) = 0.1377 V decade™* (6)

Thus, the effective potential-shift sensitivity of the potassium-selective OECT was
approximately 137.7 mV decade™.
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Figure 5. Calibration curve of the potassium-selective OECT showing the change in drain
current (Alp) as a function of the logarithm of potassium ion concentration (log;o[K*])

3.3 Transient Response Analysis

The dynamic response of the potassium-selective OECT was evaluated by applying two
consecutive gate-voltage pulses between 0 and 1 V. The applied gate-voltage waveform is shown
in Figure 6. Each voltage level was maintained for approximately 10 s, giving a complete pulse
period of 20 s. Figure 6 also presents the corresponding transient drain-current response measured
at KCl concentrations ranging from 1.0 X 10™* to 1.67 M.

When the gate voltage increased from 0 to 1 V, the drain current increased rapidly and then
relaxed toward a quasi-steady-state value, reaching its initial maximum approximately 4-5 s after
the beginning of each pulse before decreasing slightly to the plateau. This initial overshoot is
attributed to rapid electrical double-layer charging and ion accumulation at the electrolyte/device
interfaces, whereas the following relaxation reflects slower K* transport through the ion-selective
membrane and redistribution within the volumetric PEDOT:PSS channel.

When the gate voltage returned from 1 to 0 V, an opposite current transient was observed. The
current initially crossed the baseline and reached a negative minimum before gradually returning
toward zero. This reverse transient is associated with the discharge of the electrochemical
interfaces and the redistribution or extraction of ions accumulated during the positive gate
pulse[13]. The opposite responses during application and removal of the gate voltage demonstrate
reversible electrochemical modulation of the OECT channel [41].



The magnitude of the transient drain-current response increased systematically with KCI
concentration. At 1.0 X 10™*, 1.0 X 1073, and 0.01 M, relatively small current changes were
recorded because of the lower ionic conductivity and limited K* flux through the ion-selective
membrane. A substantially larger response was obtained at 0.1 M, reaching approximately 40 pA
during the positive gate pulse.

At 0.67 M KCI, the positive current reached approximately 84 pA before stabilizing near 79
nA, while the reverse transient reached approximately —36 pA. The largest response was observed
at 1.67 M KCl, where the positive current reached approximately 134 pA and stabilized near 123
pA, and returning the gate voltage to 0 V produced a negative transient of approximately —105
pA. This increase in transient-current magnitude at higher concentrations is consistent with greater
K" availability, increased electrolyte conductivity, reduced ionic resistance, and more efficient ion
transport through the selective membrane.
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Figure 6. Transient characterization of the potassium-selective OECT, Input: applied
gate-voltage waveform alternating between 0 and 1 V at approximately 10 s intervals and
Output: corresponding transient drain-current responses measured at KCI concentrations
ranging from 1.0 X 107*to 1.67 M. The increasing current modulation with KCI
concentration and the similar responses during consecutive cycles demonstrate
concentration-dependent sensing, reversible ionic modulation, and short-term operational
stability.



Nearly identical transient profiles were obtained during the two successive pulse cycles. The
peak currents, plateau currents, reverse-current minima, and recovery behavior all remained
consistent between the first and second cycles, similar to the transient behavior reported for OECTs
under other target ions[19], [41], [42]. No substantial baseline drift was observed over the 40 s
measurement period, demonstrating reversible ionic modulation, repeatable switching, and short-
term operational stability. The rise and fall times also decreased with increasing K*concentration,
indicating faster switching at higher concentrations. The rise and fall times, defined respectively
as the time for the current to change from 10% to 90% of its steady-state value after the rising edge
and from 90% to 10% after the falling edge, both decreased with increasing K* concentration,
indicating faster switching at higher concentrations. At low KCIl concentrations, the smaller
number of available charge carriers and higher ionic resistance slow the formation and relaxation
of the interfacial double layers, and transport through the ion-selective membrane may also
become rate-limiting, resulting in longer rise and fall times. As the KCI concentration increases,
the solution resistance decreases and the ionic current increases; because the characteristic
charging time can be approximated by [13]:

T = RionCetr (7

where R;,,, is the effective ionic resistance and Cgfr is the combined interfacial and volumetric
capacitance, a reduction in R;,, produces a smaller time constant and therefore a faster
response[43]. The larger K* concentration gradient also increases the driving force for ion transport
through the membrane, allowing the membrane potential and channel charge state to reach
equilibrium more rapidly, while on the falling edge improved ionic conductivity similarly
promotes faster double-layer discharge and more rapid redistribution of ions, reducing the recovery
time [44]. The observed concentration dependence of the rise and fall times is therefore consistent
with an ion-transport- and resistance-limited switching mechanism [13], [16], [45].

Overall, the transient measurements demonstrate a rapid, reversible, and concentration-
dependent electrical response. The increased transient-current amplitude at higher KCI
concentrations agrees with the transfer-characteristic results above and is examined further below
through cyclic voltammetry and impedance spectroscopy, which provide complementary
electrochemical evidence for the same coupling between K* transport and electronic conduction
in the PEDOT:PSS channel.

3.4 Cyclic Voltammetry Analysis

Cyclic voltammetry was performed to further investigate the electrochemical processes
responsible for the concentration-dependent response of the potassium-selective OECT. Figure 7
presents the cyclic voltammograms recorded over a potential range of approximately —1.0 to +1.0
V in KCI solutions ranging from 1 X 10 to 1.67 M. The magnitudes of both the anodic and
cathodic currents increased systematically with increasing KCI concentration, indicating enhanced
ionic transport and electrochemical charging of the device.

At the lowest concentrations of 1.0 X 10™* and 1.0 X 1073 M, relatively small currents were
observed throughout the potential sweep. This behavior is attributed to the relatively low ionic
conductivity of the electrolyte and the limited availability of mobile ions for interfacial and
volumetric charge compensation. As the concentration increased to 0.01 and 0.1 M, the
voltammograms became progressively broader and the current increased, indicating enhanced ion
transport, electrical double-layer charging, and electrochemical interaction with the PEDOT:PSS



channel [18]. Ion diffusion into the bulk of mixed ionic-electronic conducting polymers is a major
contributor to their voltammetric response, while capacitive and pseudocapacitive processes can
also contribute to the measured current [46], [47].

A substantially larger electrochemical response was observed at 0.67 and 1.67 M KCI. At 1.67
M, the anodic and cathodic currents reached approximately +58 and —58 pA, respectively, whereas
peak-current magnitudes of approximately 41 pA were obtained at 0.67 M. Increasing the
electrolyte concentration provides a larger reservoir of mobile ions and increases ionic
conductivity, thereby facilitating ion transport through the potassium-selective membrane and ion
exchange with the PEDOT:PSS channel. Consequently, a greater amount of electrochemical
charge can be transferred or stored during each potential sweep, producing larger anodic and
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Figure 7. Cyclic voltammograms of the potassium-selective OECT measured in KCl
solutions with concentrations ranging from 1.0 X 10™*to 1.67 M. The increasing anodic
and cathodic current magnitudes with KCl concentration indicate enhanced ionic
conductivity, K* transport, and electrochemical modulation of the PEDOT:PSS channel.

cathodic currents. The broad voltammetric features, rather than sharply defined redox peaks,
suggest that the measured response contains overlapping contributions from electrical-double-
layer charging, volumetric or pseudocapacitive charging of PEDOT:PSS, and reversible Faradaic
oxidation-reduction processes. Similar CV responses in OECT materials have been used to
evaluate polymer capacitance, ion uptake, oxidation potential, and native doping state [47], [48].

The broad anodic and cathodic features, rather than sharply defined redox peaks, suggest that
the measured response contains contributions from both non-Faradaic capacitive charging and
Faradaic electrochemical processes [49]. During the positive-going potential sweep, oxidation of
the PEDOT:PSS channel and associated ionic redistribution produce an increasing anodic current,
while during the reverse sweep, reduction and dedoping of PEDOT:PSS, accompanied by K*
incorporation or redistribution, generate the cathodic response. The hysteresis between the forward
and reverse scans reflects the finite time required for ion transport through the ion-selective
membrane and within the volumetric PEDOT:PSS channel[19], [24], [35], [50].



Importantly, the increase in voltammetric current with KCl concentration does not contradict
the decrease in drain current observed in the output characteristics. The two measurements
represent different physical quantities. The drain current, measures the steady-state electronic
conduction between the source and drain electrodes and is therefore governed primarily by the
hole density and mobility in the PEDOT:PSS channel. At a given positive gate bias, increasing the
KCI concentration enhances the transport of K* through the ion-selective interface and promotes
greater incorporation of cations into the PEDOT:PSS phase. These cations compensate the
negatively charged PSS groups and reduce oxidized PEDOT" charge carriers according to the
simplified reaction:

PEDOT*:PSS™+ K* + e~ & PEDOT® + K*: PSS~ (8)

The resulting reduction, or dedoping, of PEDOT decreases the hole concentration and therefore
decreases the magnitude of the source—drain current.

In contrast, the current measured during CV represents the rate of electrochemical charge
exchange during a continuously varying potential, approximately i, = dQ/dt. A higher KCI
concentration enables more rapid ion transport and a larger amount of charge compensation,
double-layer charging, and reversible volumetric doping/dedoping during the potential sweep.
Therefore, stronger dedoping can simultaneously produce a lower electronic drain current and a
larger electrochemical current. In other words, the decreasing drain current and increasing CV-
current magnitude are complementary manifestations of the same concentration-enhanced ionic
coupling: the former reflects the resulting loss of electronic charge carriers in PEDOT:PSS,
whereas the latter reflects the greater rate and amount of ion-coupled electrochemical charge
exchanged during the potential sweep. The channel conductivity also need not vary linearly with
electrochemical or electrolyte potential because it depends on the voltage-dependent doping state
and charge-carrier mobility of the polymer [47].

During the reverse potential sweep, the direction of ion redistribution and electron transfer is
reversed, producing the corresponding cathodic response and partially restoring the oxidized,
electronically conducting state of PEDOT:PSS. The hysteresis between the forward and reverse
scans reflects the finite time required for K* transport through the ion-selective membrane and for
ionic redistribution within the volumetric PEDOT:PSS channel. Overall, the concentration-
dependent increase in anodic and cathodic currents confirms increasingly strong electrochemical
coupling between the potassium-selective interface and the PEDOT:PSS channel and provides
complementary evidence for the ion-induced drain-current modulation observed in the transistor
measurements.

3.5 Electrochemical Impedance Spectroscopy Analysis

Electrochemical impedance spectroscopy was performed to evaluate the interfacial charge-
transfer and ion-transport behavior of the potassium-selective OECT at KCI concentrations
ranging from 1.0 X 10™*to 1.67 M. Figure 8a presents the corresponding Nyquist plots, and
Figure 8b shows the frequency-dependent phase response over the range of 10 Hz to 10 kHz.

The Nyquist plots exhibit concentration-dependent semicircular features followed by low-
frequency tails, indicating that the device response contains contributions from solution resistance,
interfacial charge-transfer resistance, nonideal double-layer capacitance, and ion diffusion through
the potassium-selective membrane. The semicircular response can be represented approximately
by an equivalent circuit comprising the solution resistance, R, in series with a parallel combination



of charge-transfer resistance, R.;, and a constant-phase element [33], [43]. A diffusion-related
element may also be included to describe ion transport through the membrane and electrolyte[34].
At 1.0 x 10™* M KCl, the Nyquist plot exhibited the largest overall impedance and the widest
semicircular feature, indicating a relatively high interfacial and membrane resistance that results
from the low ionic conductivity of the solution and the limited availability of mobile K* ions. As
the KCl concentration increased, the impedance response shifted toward lower values of Z' and
Z", and the substantial reduction in semicircle size observed at 0.67 and 1.67 M indicates a
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Figure 8. Electrochemical impedance response of the potassium-selective OECT
measured in KCI solutions ranging from 1.0 X 10™*to 1.67 M: (a) Nyquist plots showing
a concentration-dependent decrease in electrochemical impedance and (b) phase-angle
spectra illustrating changes in interfacial polarization and capacitive behavior as a function
of frequency and KCl concentration.

decrease in the effective charge-transfer and ion-transport resistances.

This concentration-dependent reduction in impedance can be attributed to the increased ionic
conductivity of the electrolyte and the greater number of K* ions available for transport through
the ion-selective membrane[20], [50]. At higher concentrations, more efficient ionic transport
facilitates charge compensation at the electrolyte/electrode and electrolyte/PEDOT:PSS interfaces.
Consequently, the electrochemical modulation of the PEDOT:PSS channel occurs more readily.
The Nyquist plots result therefore support the progressively larger drain-current modulation and
voltammetric currents observed at increasing potassium concentrations.

The phase-angle spectra provide further information about the change in the electrochemical
response with potassium concentration. At low frequencies, the phase angle increased substantially
with concentration, reaching approximately 56°for 0.67 M and 69°for 1.67 M KCl at 10 Hz. These
larger phase angles indicate an increasingly capacitive response arising from enhanced electrical
double-layer formation, ion accumulation, and volumetric charging of the PEDOT:PSS
channel[51], whereas the lower-concentration solutions exhibited smaller low-frequency phase
angles, consistent with responses dominated more strongly by resistive limitations associated with
the electrolyte and ion-selective membrane.



For the 1.67 M solution, the phase angle decreased continuously with increasing frequency,
approaching approximately 5° at 10 kHz, indicating that ion accumulation and interfacial
polarization dominate at low frequencies while the system becomes increasingly resistive at higher
frequencies as ions can no longer fully follow the rapidly varying electric field[52]. The 0.67 M
solution exhibited a similar trend, although its phase angle reached a minimum at a higher value.
The dilute solutions displayed more complex high-frequency behavior, which may originate from
overlapping interfacial relaxation processes, membrane capacitance, contact effects, and parasitic
contributions from the measurement configuration[53].

Overall, the EIS results demonstrate that increasing potassium concentration reduces the
effective electrochemical impedance and enhances the capacitive and ion-transport response of the
OECT. These observations are consistent with the cyclic-voltammetry and transfer-characteristic
measurements and confirm that the potassium-selective membrane effectively couples
concentration-dependent K* transport to the electronic conductivity of the PEDOT:PSS channel.
Because selective ion transport is central to this sensing mechanism, the following section
examines whether the device response is specific to K* relative to other physiologically and
environmentally relevant cations.

3.6 Selectivity Analysis

The selectivity of the potassium-sensitive OECT was investigated using three complementary
characterization methods: transistor output characteristics, cyclic voltammetry (CV), and
electrochemical impedance spectroscopy (EIS). KCI was compared with potentially interfering
electrolytes containing NH4*, Na®, Mg?", and Ca*, with measurements performed both in
individual electrolyte solutions and after adding the interfering salts to 0.1 M KCL.

3.6.1 Comparison Based on I-V Characteristics

The output characteristics of the OECT were measured in KC1, NH4Cl, NaCl, MgCl., and CaCl.
by sweeping the drain voltage from 0 to —1.5 V while varying the gate voltage from 0 to 1.0 V
(Figure 9). The device exhibited p-type depletion-mode operation in all electrolytes, with the
magnitude of the drain current decreasing as the positive gate voltage increased; however, the
extent of gate-induced current modulation depended strongly on the cation present in the
electrolyte.

At Vp = —1.5V, the drain-current modulation, Al,, was approximately 19 pA in KCl. By
comparison, Alpvalues of approximately 14.5, 11.5, 8, and 4 pA were measured in NH4Cl, NaCl,
MgCl., and CaCl, respectively. Therefore, the K* response was approximately 1.3, 1.7, 2.4, and
4.8 times greater that of responses to NH4", Na*, Mg**, and Ca*", respectively.

The enhanced response to K is attributed to the preferential complexation of potassium ions by
ionophere I1I within the ion-selective membrane, whose cavity size and coordination geometry are
particularly favorable for K* transport. This selective interaction changes the interfacial potential
at the functionalized gate and produces stronger electrochemical gating of the PEDOT:PSS
channel. Consequently, greater channel dedoping and drain-current modulation are observed in
KCI. In contrast, the smaller Na* ion and the divalent Ca** and Mg** ions interact less favorably
with the ionophere III -based membrane, resulting in weaker OECT responses. Among the
interfering ions, NH4" produced the highest response which can be associated with the similarity
between the effective size and coordination behavior of NH4+" and K*; nevertheless, the KCI
response remained clearly higher than the NH4Cl response. These results demonstrate that the
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Figure 9. Output characteristics of the potassium-selective OECT measured in the
presence of (a) CaCls, (b) MgCl, (c) NaCl, (d) NH4Cl, and (e) KCI, with V;varied from 0
to 1.0 V. The inset compares the drain-current modulation, Alj, measured at V, = —1.5V,

demonstrating the strongest response toward K*. Error bars represent the standard
deviation from replicate measurements.

functionalized OECT exhibits preferential sensitivity toward K* over the tested physiologically



and environmentally relevant interfering ions.

3.6.2 Comparison Based on Cyclic Voltammetry

CV measurements provide complementary, independent evidence for this electrical selectivity.
Figure 10(a) compares the CV responses obtained separately in KCl, NH4Cl, NaCl, MgCl., and
CaCl.. The KCI solution produced a substantially greater electrochemical current and more
pronounced redox features than the other electrolytes: the anodic response in KCI reached
approximately 11 pA near 0.32 V, whereas the interfering electrolytes produced much smaller and
broader responses, generally below approximately 3 pA. A considerably larger cathodic current
was also observed for KCI during the reverse scan, indicating more effective ion-membrane
interaction and interfacial charge transfer in the presence of K*.

The interference experiment in Figure 10 (b) further compares 0.1 M KCl with KCl solutions
containing NH4Cl, NaCl, MgCl,, or CaCl.. Pure 0.1 M KCI generated the largest anodic and
cathodic peak currents, reaching approximately +33 and —32 pA, respectively; the addition of the
interfering salts decreased the peak-current magnitude to different extents, giving the approximate
anodic peak-current order was

KCI > KCl + NaCl > KCl + NH,Cl > KCI + MgCl, > KCl + CaCl,.
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Figure 10. Selectivity characterization of the potassium-sensitive OECT: (a) cyclic
voltammograms measured separately in KCI, NH4Cl, NaCl, MgCl., and CaCl; (b) cyclic
voltammograms of 0.1 M KCI before and after the addition of interfering electrolytes

Importantly, the principal oxidation and reduction features remained visible after the interfering
ions were introduced. This indicates that the potassium-recognition process remained active in
mixed-electrolyte environments, although the interfering ions partially suppressed the
electrochemical response. This suppression may result from competitive ion accumulation,
changes in ionic strength and activity, and modification of the interfacial double-layer
structure[54]. The CV results therefore support the preferential electrochemical response of the
ionophere III-functionalized electrode toward K*.



3.6.3 Comparison Based on Electrochemical Impedance Spectroscopy

The EIS phase spectra provide additional information about frequency-dependent ion transport
and interfacial polarization. For the individual electrolyte solutions in Figure 11(a), the largest
low-frequency phase angle was observed in KCl. At approximately 5 Hz, the phase angle was
about 31°for KCl, compared with approximately 25°, 21°, 19°, and 17°for NH4Cl, NaCl, MgClL,
and CaCl., respectively. The selectivity was most evident in the low-frequency region, where ion
partitioning, interfacial polarization, and membrane-related processes dominate the impedance
response. At frequencies above approximately 100 Hz, the phase spectra gradually converged,
indicating a reduced contribution from selective ion—-membrane interactions.

35 i
Kl 0 ~0.IMKCl

30 f ‘ - K ‘

\ —NHCI 0.IMKC1+ NHCI

Lol 60 —0.IM KCl + NaCl

—NaCl

\
-~ R L
2w | \ MgCl DR
\ . 2w
. \ —CaCl g4t
d \ 2 g
;;\ m

0.1M KCI + MgCl,

\—O.IM KCl+ CaCly

Phase (°)

1 10 100 1000 10000 1 10 100 1000 10000
Frequency (Hz) Frequency (Hz)
(@) (b)

Figure 11. Selectivity characterization of the potassium-sensitive OECT: (a) EIS phase
spectra measured separately in the different electrolytes; and (b) EIS phase spectra of 0.1
M KCl in the presence of interfering electrolytes.

A similar trend was observed when the interfering salts were added to 0.1 M KCl, as shown in
Figurell (b). Pure KCI displayed the highest low-frequency phase angle, approximately 74°at 5
Hz. After the addition of NH4Cl, NaCl, MgCl., and CaCl:, the corresponding phase angles
decreased to approximately 69°, 56°, 34°, and 28°, respectively, giving the phase-angle order

KCI > KCl + NH,Cl > KCl + NaCl > KCl + MgCl, > KCI + CaCl,.

The higher phase angle in KCI indicates a stronger capacitive or polarization contribution
associated with selective K* accumulation and complexation within the ionophere IlI-containing
membrane[55]. Although the interfering ions altered the interfacial impedance, the KCl-containing
solutions retained distinguishable low-frequency behavior. The convergence of the curves at
higher frequencies suggests that the selectivity is primarily governed by relatively slow ion-
transfer and membrane-polarization processes rather than by the high-frequency response of the
electrolyte[56].

Overall, the [-V, CV, and EIS measurements consistently demonstrate preferential detection of
K" over NH4*, Na*, Mg**, and Ca*". The results also show that NH4" is the most significant potential
interferent based on the transistor and low-frequency EIS responses, whereas the divalent ions
generally produce weaker responses.



3.7 Comparison with Previously Reported Potassium Sensors

Table 1 compares the analytical and fabrication characteristics of the proposed screen-printed
OECT with previously reported potassium sensors based on potentiometric, coulometric, and
transistor-based transduction. Conventional potentiometric sensors generally exhibit near-
Nernstian voltage sensitivities of approximately 40-71 mV decade™', whereas OECT-based
devices convert ion-induced interfacial-potential changes into amplified drain-current responses.
Because the reported devices use different transduction mechanisms, output quantities,
concentration ranges, electrolytes, device geometries, and operating conditions, their numerical
sensitivity values should not be compared directly without considering the corresponding
measurement conditions. The present device exhibited a current sensitivity of 4.61 pA decade™
and an equivalent gate-voltage sensitivity of 137.7 mV decade™, with linear calibration
coefficients of R? = 0.9918 and 0.9953, respectively. Although several previously reported
OECTs provide larger current sensitivities or lower detection limits, the proposed platform offers
an exceptionally broad experimentally evaluated concentration range of 1.0 x 10-1.67 M, and
it combines scalable multilayer screen printing with transistor calibration, transient switching,
cyclic voltammetry, electrochemical impedance spectroscopy, and interference analysis on the
same potassium-selective device. This combination provides both an amplified electrical response
and complementary information about ion transport, interfacial charge transfer, and selectivity,
supporting the platform's potential for potassium monitoring across agricultural, environmental,
and point-of-care applications.

Table 1. Comparison of the sensing mechanism, materials, sensitivity, limit of detection, and
detection range of the proposed screen-printed potassium-selective OECT with previously
reported potassium-ion sensors

Sensor Type | Transduction | Sensing Sensitivity | LOD Detection | Refer
Mechanism material Range ence
Potentiometric | All-solid-state | Graphite— 69.4-71.2 | 10*M | 10*-10"'"M | [6]
K* ISE ion epoxy solid | mV/dec
exchange contact/PVC
-DOS-
valinomycin
—-KTCPB
membrane;
Cu reference
Potentiometric | KSr2NbsO1s Carbon paste | 51.1 727x |126x10° |[57]
with electrode mV/dec 107 at 1.62 x
extraction/inse | modified mol/L | 102 mol/L
rtion (CPEM) with
topotactic a novel
processes of KSr2Nb20O1s.
the potassium
ions
Potentiometric | PEDOT or PET/ 543+1.5 | 10*M | 10*-10"'M | [58]
POT as a Pt/C/PEDOT | mV/dec
or for POT;




conductive POT/EDOT | 45.7+7.4
polymer (97%) in mV/dec
EMIM NTf2 | for
(99.5%) PEDOT
Floating gate | Solid-state Au Source- 40 mV/dec | 0.011 10 -10! [21]
OECT ionic Draain/PED mM M
conductor OT:PSS/
(SSIC) PSS:Na/
EMIM-TFSI
Multichannel | Multi ion PEN/Ti- 59.2 0.0049 |3.4-21 mM | [24]
OECT detection- Auw/PEDOT: | mV/dec; 2 mM
Na+, K+, Cat+ | PSS/ISM/K+ | 1.04
ISM mA/dec
Coulometric Constant- nPt- 168.2 0.10 11-22mM | [9]
solid-contact | potential LIG/TTF/PV | uC/dec mM
K* sensor coulometry C-
DOS/valino
mycin
Wearable Open-circuit Carbon/PED | 161 NR 2-32 mM [59]
potentiometric | potential OT:PSS/vali | mV/dec
(OCP) nomycin-
NaTPB-
PVC-DOS
EWOD- Potentiometric | Cr/Auw/Ag/A | 58 mV/dec | 10°M | 10°-10"! [8]
integrated K* | EMF gCl/ M
ion-selective potassium
sensor ionophore
ISM
Implantable Potentiometric | Cu/Pd/PEDO | 52.778 + | 10> | 10 pM-100 | [60]
wire-based K* | OCP T:PSS/K*- 2.51 M mM
ISE selective mV/dec
membrane
OECT K* Ag/Ag- 170 10°M | 2-30 mM [23]
insertion/extra | AgCl/PEDO | nA/dec;
ction-mediated | T:PSS/Dielec | 99
PB redox tric/NaCl/K+ | mV/dec
response Ionophere 111
ISM
Ion-selective | Valinomycin Au/ NR 0.1 mMto |[10]
OECT as K+ PEDOT:PSS/ | 2.50 100 mM
ionophore. K2HPO3 mA/dec
Paper based K*-induced Paper/ Au/ | 67.3 NR 2.4-5.75 [22]
OECT PEDOT PEDOT:PSS/ | mV/dec mM
doping/dedopi K+ ISM

ng and drain-




current

modulation
Textile based | K*-induced Acrylic 3.49 M! 10°M | 10°to1M |[18]
OECT PEDOT:PSS textile

doping thread/Potass

ium selective
membrane

Screen-printed | K*-induced Ag/C/PEDO | 4.61 0.1 10 to 1.67 | This
OECT—this | PEDOT:PSS T:PSS/K*- | pA/dec; mM M work
work doping/dedopi selective 137.7

ng and drain- membrane | mV/dec

current

modulation

4. Conclusion

A multilayer screen-printed potassium-selective organic electrochemical transistor (OECT)
was developed and systematically investigated using complementary electrical and
electrochemical characterization techniques. The device exhibited concentration-dependent
modulation of the drain current over a KCI concentration range of 1.0 x 10 to 1.67 M, with a
current sensitivity of 4.61 pA decade™ (R? = 0.9918) and an equivalent gate-voltage-shift
sensitivity of 137.7 mV decade™ (R? = 0.9953). Transient measurements demonstrated reversible
and concentration-dependent switching, with increased current modulation and faster response at
higher K* concentrations. Cyclic voltammetry showed increasing anodic and cathodic current
magnitudes with increasing KCIl concentration, while electrochemical impedance spectroscopy
revealed concentration-dependent changes in impedance and low-frequency capacitive behavior.
Selectivity measurements further demonstrated a preferential response to K* over NH4*, Na*, Mg?*,
and Ca?". Together, the electrical, transient, voltammetric, and impedance measurements
demonstrate the coupling between selective K* transport, interfacial electrochemical processes,
and modulation of electronic conduction in the PEDOT:PSS channel. The results establish the
multilayer screen-printed OECT as a scalable platform for investigating ion-selective transduction
and potassium sensing. Future studies will focus on long-term stability, device-to-device
reproducibility, and validation in complex sample matrices.
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