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ABSTRACT: Organic electrochemical transistors (OECTs) have
emerged as attractive candidates for biosensing and bioelectronic
applications, and they show great potential to serve as compact
platforms for ion analysis. OECTSs contain electronically active
polymer layers whose charge transport properties can be
modulated by electrolytes possessing ion concentrations as low
as 1 yuM. However, standard OECTs typically suffer from a lack of
selectivity to electrolyte composition, a prerequisite for viable
implementation into ion-sensing applications. To introduce this
needed species selectivity, we have incorporated a molecularly
imprinted polymer (MIP) into an OECT employing a poly(3,4-
ethylene dioxythiophene) and poly(styrene sulfonate) polymer
blend (PEDOT:PSS) as the channel active layer material. The MIP-OECTs were challenged with three cations: the sodium ion, the
ammonium ion, and the tetrabutylammonium ion. The MIP did not limit the performance of the OECT when gated with
electrolytes containing sodium ions, but the barrier did reduce the gating capabilities of electrolytes containing ammonium ions and
tetrabutylammonium ions due to size-exclusion effects. In particular, the MIP-OECT was not responsive to tetrabutylammonium
ions at concentrations up to 1 mM. Additionally, electrolyte mixtures were used to test the potential for interference in MIP-OECTs.
Ammonium ions produced negligible interference when detecting sodium ions; however, tetrabutylammonium ions completely
suppressed the gating capabilities of sodium ions. This MIP-OECT platform demonstrates how electrolyte gating can be engineered
to exhibit greater selectivity such that MIP-coated OECTSs can be utilized as advanced sensor technologies.
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B INTRODUCTION to be reversible.”””' Importantly, OECTSs are extremely
sensitive to the concentration of ions in solution with
responsivities at concentrations as low as ~1 uM.”> However,
the basic OECT performance is a function of the total ionic
strength rather than of the electrolyte composition. While this
drawback can be circumvented during the detection of neutral
molecules, addressing the ion-selectivity of OECTs is a
paramount concern for applications directed at ion analysis.
Previous efforts have shown success in using OECTs in this
arena, and a handful of these OECTs have been supplemented
with membranes to produce devices with enhanced ion-
selective capability.””~** Importantly, the ion-selective mem-
brane mechanism of action relies on the incorporation of
complex organic molecules (i.e., ionophores) that are capable

Distinguishing various dissolved salts in solution is critical in
environmental science' ™ (e.g., monitoring nitrate® ™ and
phosphate levels'”"" in water), agriculture (e.g, determining
nitrogen uptake by crops'”'’), healthcare, and energetic
material detection (e.g., identifying oxidizing agents in
improvised explosives). Electrolyte-gated transistors are
attractive candidates for these local sensing applications
because of their mechanical robustness, compact form factors,
and inexpensive module costs. In particular, organic electro-
chemical transistors (OECTs), a subset of electrolyte-gated
transistors, have already shown promise, particularly in the
field of biosensors,"*™"? and the physics behind their
electrolyte gating allows for them to be readily adapted toward
ion detection for other applications. A prototypical OECT —
structure contains a conductive polymer channel that can be Received:  June 17, 2022 T
reversibly oxidized or reduced via penetration of ions supplied Revised:  August 15, 2022 y‘%
by an electrolyte where the ion migration is controlled through Accepted:  August 16, 2022 s%%;
the application of a gate voltage. This redox reaction changes Published: August 30, 2022 a
the number of charge carriers, and the electrical conductivity of
the polymer using a doping mechanism that is usually designed
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Figure 1. (a) Schematic structure of an OECT supplemented with a MIP barrier to introduce ion selectivity. (b) An SEM cross-sectional image of
an acrylic bound MIP barrier atop a Si/SiO, substrate coated with a ~80 nm thick PEDOT:PSS film.

of forming complexes with the desired ta\rget.zg’30 Such

ionophore designs are established for common moieties (e.g.,
sodium ions,’ potassium ions,® and copper ions'*). However,
the design of new ionophores draws heavily on time-intensive
techniques of mimicking naturally occurring or previously
discussed examples.'> This results in large challenges in
detecting new and unforeseen materials. More fundamentally,
using principles that are similar to ion-selective electrodes,”’
their ion selectivity results from changes to the membrane
potential, which controls the effective gate bias, but the
channel itself is not selectively gated by any particular ionic
species. Therefore, these OECTs do not capture ion-
dependent behavior that is produced by a non-selective
counterpart. Although a mandatory component of the
OECT, the electrolyte gate has received less interest despite
its potential for solution analysis. The few examples include a
membrane-free, ion-selective OECT that contained a gate
electrode coated with a poly(3,4-ethylenedioxythiophene)-
based (PEDOT-based) polymer that contained thiophene
monomers bearing either 18-crown-6 or 15-crown-S pendant
groups. Because of this chemical design strategy, the polymer
coating was selectively permeable to either potassium ions or
sodium ions resulting in selective gating.”> Previously, a bilayer
lipid membrane included an ion-transport protein to produce a
charge selective barrier.”” These efforts have pioneered the
field of ion-selective gating, but there is potential to expand the
application space and build new perspicacity behind new
mechanisms of ion exclusion.

In fact, these successful efforts regarding ion-specific
electrolyte gating have introduced the possibility associated
with this technique for ion analysis, especially in the healthcare
field. However, to expand into new application spaces, there is
a need to assess the efficacy of applying new materials and
methods to produce ion-exclusion. Molecularly imprinted
polymers (MIPs) are a family of crosslinked polymers that are
easy to synthesize and that can be designed to address these
specific opportunities. MIPs are polymerized such that they
contain template molecules that are later removed to form a
nanoporous matrix. Their simple and inexpensive chemistry,
along with potential for high selectivity, make them attractive
for low-cost sensing applications.”* ™ In fact, MIPs have been
incorporated into OECTs to serve as an active layer at either
the channel or gate interface.'®'”*® For instance, a MIP served
as an ion barrier that became less permeable when it adsorbed
target molecules,'® and this produced a sensitive OECT
sensor. However, there are no reports of MIPs being used to
produce ion-selective OECTs where only specific ions
effectively gate the device. Nevertheless, the design principles
of the MIP can lend itself to make ion-exclusive OECTs. To
this end, we demonstrate how a MIP can be incorporated into
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an OECT to produce species-selective intercalation and gating.
Rather than focusing on high electrolyte concentrations (i.e.,
from 1 mM to 1 M),”***” we turn our attention to lower
concentration regimes as many of the aforementioned
applications rely on detecting materials at sub-1 mM
concentrations. For instance, the United States Environmental
Protection Agency recommends levels of nitrate in water not
exceed ~100 uM and levels of many metals (e.g., nickel and
iron) remain less than 10 mg L™."* Additionally, ammonium
nitrate is a common oxidizer in improvised explosives.
Commercial swabs are generally capable of only gathering
several micrograms of explosive substance, this quantity of
material would be insufficient to prepare 1—100 mM test
solutions.'”*® Our OECT performance is analyzed when gated
with lower concentration electrolytes (ie, <1 mM) and
electrolyte mixtures. This demonstrates how the channel
behaves when gated below the point of saturation and under
the presence of interferents; as such, it points toward a new
solution phase sensing archetype.*"**

Specifically, we show a polymer-based OECT that
incorporates a MIP to produce an ion-selective layer based
on size exclusion. A PEDOT:PSS thin film serves as the
channel material. Then, a poly(ethylene glycol dimethacrylate)
(PEGDMA) MIP was cast directly atop the OECT.
Importantly, this layer does not negatively impact the
PEDOT:PSS performance nor does it significantly hinder the
dynamics of the electrolyte gating. The selective properties of
the OECT were benchmarked by evaluating the effectiveness
of gating using electrolytes containing sodium ions or
tetrabutylammonium ions at concentrations as low as 10 nM.
Briefly, a sodium ion impacted the electrochemical perform-
ance of a MIP-coated PEDOT:PSS channel as effectively as it
would gate an uncovered counterpart, even at concentrations
<1 mM. However, the tetrabutylammonium ion was incapable
of permeating the MIP and was ineffective at gating the coated
channel at concentrations as high as 1 mM. Additionally, the
potential for ion interference was established by introducing
mixtures of either sodium ions and ammonium ions or sodium
ions and tetrabutylammonium ions as potential electrolytic
salts. Incorporating ammonium ions into a sodium-ion
electrolyte gate had no significant impact on the channel
performance. However, tetrabutylammonium ions were unable
to permeate through the MIP, and instead they accumulated
within the polymer barrier and prevented sodium ions from
functioning as an electrolyte gate. In this way, we established
the viability of incorporating a MIP into an OECT without
diminishing sensitivity to concentrations <1 mM and
introducing robust selectivity, even in the presence of
interferents.
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B RESULTS AND DISCUSSION

A MIP was incorporated as a barrier separating a PEDOT:PSS
channel from its electrolyte gate (Figure la) to improve the
ion selectivity of the OECT. This MIP was polymerized using
a mixture containing a ratio of 1:4:45, isobutyl nitrite template
molecules, allylurea monomers, and ethylene glycol dimetha-
crylate monomers. Following an overnight polymerization, the
crosslinked polymer was ground into a fine powder and
washed to remove the template molecules. The removal of
template molecules yielded nanoscale pores capable of
screening ions. The MIP was mixed with ethyl acetate and
acrylic binder forming a slurry that was cast over the OECT
channel producing a barrier <100 gm in thickness (Figures 1b
and S1). Isobutyl nitrite was selected as the template molecule
because it is a neutral molecule with a molecular size that
creates a proper pore architecture for controlling the ions that
could permeate through the MIP and infiltrate the
PEDOT:PSS channel. This template also contains an
electron-withdrawing functional group capable of forming
hydrogen-bonds with the allylurea functional monomer
improving templating efficacy.” In this way, only electrolytes
with specific cations, such as sodium ions, effectively gated the
MIP-OECTs. Moreover, water droplets formed contact angles
of 25 and 100° atop a PEDOT:PSS film or a MIP coating,
respectively, indicating that the MIP barrier was more
hydrophobic than the PEDOT:PSS film (Figures S2 and S3).
Previous work found that the MIP served as an ionic barrier
when it was incorporated between OECT channel materials
and electrolytes.'® Before considering the selective properties
introduced by the MIP barrier, the extent to which the MIP
barrier altered OECT performance metrics, independent of the
chosen electrolyte, was established.

First, to assess the potential contributions of introducing a
MIP atop the OECT channel, the performances of both MIP-
OECTs and their uncovered counterparts were evaluated.
Here, sodium ions (Na*) were used to gate devices, and they
were evaluated at room temperature using 100 mM NaNOj;, a
typical electrolyte concentration for OECTs.”*™* In these
measurements, the drain current (Ip) is tracked when the gate
voltage (V) is swept at a constant drain voltage (Vp). The
uncovered OECT exhibited a peak transconductance (eval-
uated as 0I,/0V;;) of 3.6 mS (Figure S4a) when the V; was
scanned at 6.67 mV s™', a reasonable result for PEDOT:PSS
OECTs.” The significance of the selected counterion was
adjudicated by collecting additional transfer curves on a
separate uncoated device gated with 100 mM NaCl, 100 mM
NaNO;, and 50 mM Na,SO, (Figure SSa). The choice of
anion had no notable impact on uncovered OECT perform-
ance. To further quantify the extent to which ionic charge is
stored in the OECTs, the channel capacitance of 100 nF was
determined using electrochemical impedance spectroscopy
(Figure S6). This value is comparable to previously reported
PEDOT:PSS OECTs.*” The possibility of saturating these
sensors during analysis of electrolytes possessing ionic
concentrations of 1 mM was assessed by collecting cyclic
voltammograms using a separate OECT and either 100 mM or
1 mM NaNOj; aqueous solutions as the supporting electrolytes
(Figure S7). Increasing the electrolyte concentration from 1 to
100 mM notably increased the currents collected throughout
the voltammograms, indicating an increase in the magnitude of
charge stored within the PEDOT:PSS channel. The increased
charge storage is directly proportional to OECT trans-
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conductance and it implies that a 1 mM electrolyte was not
saturating the OECT sensors,” "+

The MIP-OECT performed similarly to the uncovered
OECT as it produced nearly identical transfer, trans-
conductance, and output curves (Figures 2, S4, and S8).
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Figure 2. Representative transfer measurements for both uncovered
(black, gy, may = 3.6 mS) and composite (red, gy, max = 4 mS) OECTs
using 100 mM NaNO; as an electrolyte and a Ag/AgCl pellet as a
gate electrode. The arrows indicate the direction in which gate voltage
was scanned.

Incidentally, the MIP-OECT exhibited a transconductance of 4
mS, which is marginally greater than that produced by the
uncovered OECT, but otherwise the two devices produce
highly similar transconductance and this discrepancy is not
attributed to contributions from the MIP. Instead, it highlights
what one would anticipate as reasonable deviation from the
average of multiple device measurements. To demonstrate this
principle, transfer curves were collected on three adjacent
channels coated by a common MIP film (Figure S9). These
three channels showed similar variations, which were
moderate, and they shared highly similar transconductance.
The additional MIP OECT showed a weak differentiation
between electrolytes of varying anions (Figure SSb). This
variation however does not suggest that the MIP will
inherently impact the OECT performance. These curves
even suggest the potential selectivity of the MIP toward
identifying anions. It is also notable that both covered and
uncovered channels have a similar hysteretic behavior.
Hysteresis is a common feature of electrolyte-gated transistors
that respond to changes in gate-bias within seconds.*
Hysteresis results from a discrepancy between the rate at
which the V{; is scanned and that at which the ions in the
electrolyte gate respond in the OECT. For sensing
applications, the consideration of device hysteresis can be
mitigated by applying a constant gate bias.'®”” In this case, the
dynamics governing transfer curve hysteresis would, instead,
determine response time. The shared hysteretic behavior
implies that the dynamics are driven by the transport
limitations common in both devices. When gated with strong
electrolytes, the electric field-driven transport through either
the gate electrolyte or the PEDOT:PSS channel is responsible
for limiting the device performance rather than transport
through the MIP.

To begin assessing the MIP-OECT viability for ion
detection, devices were gated with a more dilute (10 M)
NaNO; aqueous electrolyte (Figure 3). The uncovered-OECT
and MIP-OECT gated by a 10 uM NaNOj; electrolyte
exhibited highly similar transconductance plots (Figure S4b)
and they produced peak transconductances of 1.8 and 1.6 mS,
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Figure 3. Representative transfer measurements for the (a) uncovered-OECT (gyms = 1.8 mS) and (b) MIP-OECT (gy ma = 1.6 mS). A 10 uM
NaNOj; aqueous solution was used to gate the OECTs. The arrows indicate that the direction gate voltage was swept.
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Figure 4. Comparison of calibration curves of an uncovered-OECT (black) and MIP-OECT (red) gated with (a) sodium ions and (b)
tetrabutylammonium ions at a source-drain voltage of —0.2 V. The inset redisplays the MIP-OECT calibration curve between 10 nM and 10 #M in
concentration for a water-based solution. The OECT change in drain current is plotted as an absolute value.

respectively. Unsurprisingly, the transconductance values
produced by these OECTs were lower in magnitude but of
the same order of magnitude as those produced by OECTs
gated with 100 mM solutions.

Additionally, the hysteresis between the forward and reverse
scans increased rather significantly, indicating the OECT
dynamics were slowed. One can expect the OECT will suffer
from slower transport when analyzing more dilute electrolytes.
The slowed dynamics are attributed to the slower ion transport
associated with using a more dilute electrolyte.”’ The impact of
electrolyte strength on the device dynamics was seen over a
range of concentrations (Figure S10a). Finally, the transfer
curve produced by the MIP-OECT had a mildly greater
hysteresis than the uncovered OECT when a 10 yuM aqueous
electrolyte gate was employed. This effect was minor, and it is
reasonable to expect that, even at micromolar-level concen-
trations, the MIP barrier will not control the dynamics
exhibited by OECTs.

The MIP barrier does not negatively impact the OECT
performance, but it does impart ion selectivity to the devices.
To evaluate this idea, the MIP-OECT was challenged with the
following salts: NaNO;, NH,NOj3, and TBACIO,. These three
electrolytes produced nearly identical performance gating a
non-selective OECT (Figure S11). To compare the ion
selectivity of the OECTSs, particularly at lower ion concen-
trations, calibration curves were collected with both covered
and uncovered OECTs (Figure 4). In collecting these curves,
the OECT response was quantified as the total change in
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magnitude of drain current (IAIp|) exhibited after pulsing the
OECT with a V; = 0.6 V for 30 s. Note, a 30 s pulse produces a
transient drain current rather than a steady (or pseudo-steady)
result (Figure S10a). To weight the importance of obtaining a
steady OECT response, a set of calibration curves was
prepared after pulsing V; for 120 s, a sufficiently long period
to induce pseudo-steady currents (Figure S10). Naturally, the
magnitude of transient Al produced after 30 s differed from
its steady-state counterpart. Nevertheless, both results
demonstrated a potential limit of detection of ~100 nM for
the three salts evaluated. The MIP-OECT has previously
produced equal performance to the unselective OECTs
(Figures 2 and 3). It is reasonable to expect the MIP-
OECTs should be equally sensitive, and this 100 nM limit of
detection will serve as a benchmark to judge the selective
sensors.

When analyzing sodium ions, the MIP-OECT and
uncovered-OECT produced calibration curves that showed
similar features, particularly at low concentrations (Figure 4a).
This reflects the results seen in the transfer characteristics
shown in Figures 2 and 3. Also, as exhibited by the inset, the
OECTs are sensitive and produce an electrolyte-gating
response to concentrations and, indeed, maintained the same
limit of detection ([Na*] = 100 nM) produced by the
uncoated devices. The uncovered-OECT gated with tetrabu-
tylammonium ions behaved similarly to the OECT's gated with
sodium ions except with a larger magnitude of Al at higher
concentrations. Notably, both the MIP-OECTSs, when gated
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Figure S. OECT responses produced by mixtures of either (a) sodium ions and ammonium ions or (b) sodium ions and tetrabutylammonium ions
(TBA). OECT change in drain current is plotted as an absolute value. The arrow indicates that the gate bias of +0.6 V was introduced after 10 s.

with sodium nitrate electrolytes, and uncovered-OECTs, when
gated with any of the three electrolytes considered, showed
non-linear trends in their response to concentration changes
(Figures 4 and S10). At low concentrations, increases in the
AIL are modest. As the concentration is increased to 10—100
uM, the increase in A, becomes more pronounced. This
nonlinearity is attributed to the ratio between charge
accumulation achievable by gating with a particular concen-
tration to that which is required to saturate the channel.
Meanwhile, the MIP-OECT was unresponsive to tetrabuty-
lammonium ions, regardless of the concentration. Clearly the
MIP is highly effective at screening these tetrabutylammonium
ions at concentrations up to 1 mM (Figure 4b). The MIP-
OECT, furthermore, exhibited reasonable selectivity when
challenged with sodium ions and ammonium ions with 1 mM
and 10 mM concentrations (Figure S12). While these MIP-
OECTSs were moderately less selective, they were still able to
differentiate the solutions. We can expect that the MIP can
effectively control which electrolyte moieties serve as the
gating agents.

While these data establish the potential sensitivity and
selectivity of the MIP-OECT, the potential for interference
must be addressed. To judge this point, new OECTs were
prepared and gated with mixtures of sodium ions and
ammonium ions or mixtures of sodium ions and tetrabuty-
lammonium ions (Figure S). A singular OECT was used to
judge either mixture, but to account for the dependence of the
MIP-OECT on measurement history (Figure S13), measure-
ments were acquired in order of increasing sodium ion
concentration, and between each measurement, the MIP was
removed and the wafer was cleaned by sequentially rinsing
with acetone then isopropyl alcohol and then the wafer was
immediately dried and a new MIP was cast. MIP-OECTs were
first challenged with mixtures of sodium ions and ammonium
ions (Figure Sa). The MIP-OECTs produced lower response
when challenged with only ammonium ions than when
challenged with sodium ions. While the ammonium ions
ineffectively permeated through the MIP, it did not
immediately prevent the sodium ions from passing. Contrary
to the OECTs gated by mixtures of sodium ions and
ammonium ions, those gated by mixtures of sodium ions and
tetrabutylammonium ions were also non-responsive, as they
were when gated by exclusively tetrabutylammonium ions
(Figure Sb). The addition of tetrabutylammonium ions actively
prevented sodium ions from permeating through the imprinted
polymer. Ammonium ions did not prevent the sodium
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transport, however. Tetrabutylammonium ions, but not
ammonium ions, behaving as an interferent implies a physical
difference in the extent to which either ion can permeate
through the imprinted polymer.

The three electrolytes produced comparable dynamics when
gating a non-selective OECT (Figure S11) implying no set
ordering through which either ionic species moved through the
electrolyte and penetrated an uncovered channel. Thus, the
new dynamics resulting in potential interference is set by the
transport through the MIP. The capability of the sodium ions
to freely permeate through the MIP and its negligible impact
on dynamics was previously established (Figures 2 through 4).
The OECT dynamics are determined by either the ammonium
ions or tetrabutylammonium ions. The modest response
produced solely by ammonium ions implies that these ions
have the potential to permeate through the MIP without
significantly hindering permeability (i.e., without fouling) the
MIP. The tetrabutylammonium ions are large enough that they
cannot pass through the imprinted polymer, and they are
believed to foul the imprinted polymer near the electrolyte-
MIP interface. This interfacial phenomenon occurs on a length
scale smaller than that of the thickness of the MIP. Thus, the
fouling of the MIP should occur much more quickly than ion
permeation through the entire MIP, and it would require a
lower quantity of tetrabutylammonium ions than needed to
effectively gate the channel. As such, once tetrabutylammo-
nium ions are introduced (regardless of the concentration),
they immediately prevent sodium ions from permeating into
the channel, and the AI, is suppressed. This fouling effect
remained after rinsing the sensor and reintroducing an
electrolyte free of tetrabutylammonium ions (Figure S13b),
suggesting that the salt is captured in the MIP rather than
accumulating in the electrolyte near the MIP surface. While the
MIP had no impact on the performance of OECT's gated with
electrolytes containing sufficiently small ionic species, it was
either selectively impermeable or completely fouled by larger
ions. The MIP-OECT was able to capture the sensitivity of an
uncovered OECT which would be highly attractive for
application toward solution analysis; it also introduced two
unique sets of physics of interference when larger species were
introduced.

B CONCLUSIONS

Ion-selective OECTSs were prepared by adding an MIP barrier
between a PEDOT:PSS channel and an aqueous electrolyte
gate. The MIP OECT's showed equivalent transconductance to
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their uncovered counterparts when gated with either
concentrated (100 mM) or dilute (10 uM) aqueous electro-
lytes. At both concentrations, the MIP- and uncoated-OECT's
displayed a similar hysteretic behavior. The MIP-OECT's show
selectivity over a range of concentrations and can completely
prevent the passage of tetrabutylammonium ions into the
channel at concentrations <1 mM. Meanwhile, sub-1 M
sodium ion electrolytes can weakly gate the device as they
would an uncovered channel. The MIP slowed the drift of
ammonium ions, but the cations were still capable of weakly
gating the MIP OECT. Because of this, the ammonium ions do
not impede the sodium ions permeation through the channel,
and an electrolyte consisting of a mixture of the two ions was
still effective at gating the OECT. Tetrabutylammonium ions,
however, have no opportunity to permeate through the MIP.
Instead, they begin to enter the MIP but immediately foul the
MIP at the electrolyte interface. The length and time scale over
which the MIP is fouled is shorter than that over which sodium
ions can permeate through the entirety of the MIP and
infiltrate the channel. Therefore, the sodium ions cannot access
the polymer channel and a mixture of tetrabutylammonium
ions and sodium ions is as ineffective an electrolyte gate as one
of exclusively tetrabutylammonium ions. The MIP can
introduce ion selectivity to an OECT by preventing ion
moieties from acting as effective gating agents.

B METHODS

Materials. All chemicals were purchased from Sigma-Aldrich
unless otherwise stated, and they were used as received. Isobutyl
nitrite and allylurea were purchased from Tokyo Chemical Industry
and used as received. Sodium nitrate was purchased from J. T. Baker
and used as received. Glass substrates and silicon dioxide wafers were
purchased from Mark Optics and Silicon Valley Microelectronics,
respectively.

OECT Substrate Fabrication. OECTs were fabricated as
reported previously with minor adjustments.** OECTSs were prepared
on either glass or on Si/SiO, substrates. Both materials were
patterned following the same procedure and produced no notable
difference in OECT performance. Wafers that were 4” in diameter
were sonicated in toluene, acetone, and isopropanol in a sequential
manner for 10 min each. Then, an AZ1518 photoresist was spun-coat
atop the wafers. The photoresist mask was photolithographically
patterned to yield the electrode geometry using a Karl Suss MA6
mask aligner beam, and the mask was developed in a mixture of water
and MF CD-26 developer. Subsequently, a S nm thick layer of
chromium and an 80 nm thick layer of gold were evaporated on the
developed wafers in a sequential manner. Following metal deposition,
the photoresist mask was removed by submerging the wafers
overnight in N-methylpyrrolidone. Following the electrode patterning,
a 1 pm thick parylene-C insulating layer was deposited on the wafers
using an SCS parylene CVD furnace and Silane A-174 served as an
adhesion promotor between parylene-C and the wafer. Afterward,
another round of photolithography was performed to pattern 500 X
20 pm channels using AZ9260 photoresist, and the same alignment
procedure described above with an AZ 400k developer. The parylene-
C was etched using a March Jupiter II reactive ion etcher to expose
the patterned channels. After spin-coating a final sacrificial layer of
AZ1518, the wafer was diced with a DiscoDAD 641 dicing saw to
produce the final substrates.

MIP Synthesis. The MIPs were fabricated by mixing ethylene
glycol dimethacrylate (EGDMA), allylurea (AU), and isobutyl nitrite
(IBN) template molecules. The polymerization was initiated with
azobisisobutylnitrile (AIBN). In our experiments, a mixture of 5.66
mL of EGDMA (30 mmol), 267 mg of AU (2.67 mmol), 79 uL of
IBN (6.67 mmol), which resulted in a molar ratio of 1:4:45 IBN/AU/
EGDMA, and 25 mg of AIBN were added to a reaction vessel under
nitrogen. The vessel was stirred overnight at 60 °C to crosslink the
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MIP. Then, the polymer was removed and mechanically ground with
a mortar and pestle. The powder was then washed by stirring in a 100
mL mixture of acetic acid and methanol with a volume ratio of 8:2 for
24 h to remove the template molecules.

Device Preparation. Previously fabricated substrates were
cleaned by sequentially rinsing with acetone and isopropanol and
then plasma-cleaning for 5 min in a Harrick Plasma PDC-32G plasma
cleaner. The PEDOT:PSS solution was prepared as previously
reported in literature to improve conductivity and prevent
delamination.”*” Briefly, the mixture contained 1 mL of 1.1% (by
weight) conductive grade PEDOT:PSS, S0 uL of ethylene glycol, 25
mg of 3-(glycidoxypropyl) trimethoxysilane crosslinking agent, and 25
mg of dodecylbenzenesulfonic acid. The mixture was immediately
spun-coat at 3000 rpm for 30 s on a cleaned substrate. An average film
thickness of 80 nm was measured with a Bruker Instruments
DektakXT profilometer. The polymer thin film was baked in air at 140
°C for 30 min on a hot plate. Uncovered (i.e., without the MIP layer)
devices were rinsed with deionized water and tested. MIP coatings
were prepared by combining 400 mg of acrylic binder, 200 mg of MIP
(after grinding for a second time), and 1.2 mL of ethyl acetate. The
vial was agitated, and 30 yL was drop-cast on the device. Then, a
doctor blade was used to spread the solution across the entire
substrate aside from the contact pads. The device was then set on a
hot plate at 60 °C for 1 min to dry in air.

OECT Characterization. OECT measurements were completed
at room temperature and atmospheric pressure using a Lakeshore
probe-station controlled by a Keysight Technologies B2902a source
meter. A 1 mm diameter Ag/AgCl (Warner Instruments) pellet
electrode was used as a gate electrode and submerged in 100 L of
aqueous electrolyte contained in a PDMS well. To minimize potential
contamination from the electrolyte, UHPLC-MS grade water
(purchased from Sigma-Aldrich) was used to prepare electrolytes.

Calibration curves were acquired with each point constituting a
mean and standard deviation for three consecutive measurements on
the same channel. The channel was rinsed, and a new electrolyte gate
was prepared between each measurement. The process of casting the
MIP and binder adds unavoidable contamination. To accommodate
this concern and mitigate the role of measurement order, the MIP-
OECT was challenged with sodium solutions in an arbitrary order of
concentrations and a sacrificial measurement was made before
collecting data used for calibration which removed most contami-
nation introduced by the MIP casting procedure or previous trials
(Figure S14).

Electrochemical Characterization. Electrochemical measure-
ments were collected using an electrode setup controlled by a Gamry
Instruments Interface 1010E Potentiostat/Galvanostat. The source
and drain electrodes were connected (ie. shorted) to utilize the
channel area as the working electrode and Ag/AgCl and a platinum
coil were submerged in 10 mL of NaNO; (100 mM) to serve as
reference and counter electrodes, respectively. Cyclic voltammograms
were collected by sweeping from +0.5 to —0.5 V (and swept on the
return from —0.5 to +0.5 V) at a rate of 10 mV s™*. Electrochemical
impedance spectroscopy was completed using the same electro-
chemical setup with a DC bias of 0 V and an AC amplitude of 10 mV
from 10° to 10' Hz. An equivalent capacitance was gathered from
electrochemical impedance spectroscopy using Gamry Echem Analyst
Software to fit an equivalent circuit consisting of a constant phase
element and bound Warburg impedance element.

SEM Specimen Preparation and Imaging. Scanning electron
microscopy (SEM) samples were prepared on silicon substrates
mechanically cleaved into 1 cm? slides. After dicing, the slides were
cleaned by sonicating for 10 min each, in acetone, chloroform, and
isopropanol, in a sequential manner, followed by plasma cleaning for §
min. A layer of PEDOT:PSS and MIP coating were deposited as
described above. The wafer was, again, cleaved to produce a cross
section. Subsequently, a layer of carbon coating was sputter coated
atop the MIP using an SPI sputter coater. SEM images were collected
using a Hitachi S 4800 field emission scanning electron microscope.
The secondary emission image was collected using a 1.3 kV and 4.7
HA electron beam.
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Contact Angle Measurements. Selective and non-selective
OECTs used for contact angle measurements were prepared as
reported above on Si/SiO, substrates coated with parylene-C.
Contact angle measurements were then acquired at 20 °C using 10
UL drops of water and measured using a Kriiss DSA 100S Drop Shape
Analyzer.

B ASSOCIATED CONTENT
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