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ABSTRACT: Due to their low operation voltage, high transconductance, and good aqueous
compatibility, organic electrochemical transistors (OECTs) have been widely applied in the
sensing of small redox-active molecules such as dopamine. However, selective detection of
dopamine (DA) can be challenging since its sensing mechanism relies on the gate voltage offset
caused by the redox chemistry at the gate electrode. To introduce selectivity towards dopamine
detection, a polypyrrole film was electrochemically deposited on the Pt gate electrode with the

presence of dopamine as a template and then overoxidized in an alkaline solution. The resultant



OECT sensor with an overoxidized MIP (o-MIP/Pt) gate shows a similar detection limit of ~34
nM as compared to the device with a bare Pt gate. At the same time, when compared to the drain
current response of a representative interferent, ascorbate (AA), a good selectivity of DA/AA
signal ratio of larger than 5 can be achieved in the concentration range between ~0.4 uM and ~10
uM, whereas OECT sensor with bare Pt gate shows little selectivity towards DA. The selectivity
of the OECT sensor towards DA can be maintained in the co-presence of 1-fold DA (~0.4 uM)

and 10-fold AA (~4 uM), regardless of the order of the additions.
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Introduction

Organic electrochemical transistors (OECTs) with polymeric mixed conductors as the active
channel have attracted increasing research interest as intriguing candidates for the applications of
bioelectronics.!* For example, PEDOT:PSS, as a classic benchmark p-type mixed conductor,
carries both electronic charge carrier (holes) and ions in an aqueous environment, providing a great
platform for the interplay of electronic and ionic conductivities.>® The electronic conductivity of
intrinsically doped PEDOT:PSS can be controlled by the ion injection into the active channel by
applying different gate voltages. A partial dedoped state can be reached by injecting cations into
the film by a positive gate bias, and the film can be redoped by a negative gate bias. In another
word, the modulation of the drain current within the active channel can be tuned by the gate bias
under the aqueous environment. This unique compatibility with water along with other features

such as low operating voltage (sub-1 V) and high transconductance, makes it ideal to use OECT



for the sensing of various analytes in aqueous solutions such as metabolites,”!3
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neurotransmitters, and proteins.
Despite the working principle of the OECT sensor for a variety of analytes stems from the same
idea of tracing drain current change due to the change of ion injection upon the addition of an
analyte, there are multiple routes available for the realization of the OECT sensor. To the best of
our knowledge, three are three major sensing mechanisms: (1) Establish a redox reaction on the
surface of a metal gate electrode by maintaining a high enough bias at the gate electrode.” '* The
resulting redox current produced can shift the initial gate bias V; into an effective gate bias Vg, e,
therefore, the active channel experiences a different gate bias, and the drain current shifts. This
mechanism is widely used for the sensing of small molecules such as metabolites and
neurotransmitters. °!7 (2) Utilize the capacitance change of the gate electrode due to the binding
events between antigen and antibody or commentary DNA strands.?” 2! Typically, antibody or
DNA molecules can be immobilized on the gate electrode. Once their counterparts, the analyte,
bind with the modified gate surface, it induces a capacitive coupling between the biorecognition
units and the active channel, resulting in a change of drain current. (3) Control the ion flow into
the active channel by adding an ion channel that potentially impedes ion transport.>*2® For
example, Malliaras’s group used cells with tight junctions or bilayer lipid membrane to limit the
ion transport through the layer.*> 2* More recently, Inal’s group applied an amyloid-B (AP)
selective isoporous membrane on top of the active channel that blocked the ion penetration upon
binding of the AP protein onto the membrane. ' 22
Dopamine (DA) is a critical neurotransmitter in the central nervous system, its complex

pathways have a significant role in the determination of reward-motivated behaviors.?” The

abnormality of dopamine level can be associated with various neurological disorders such as


https://en.wikipedia.org/wiki/Reward_system

Parkinson’s disease,?® ?° ADHD,*® 3! and schizophrenia.’> ** Previously, Yan’s group worked
extensively on the highly sensitive OECT devices for the detection of dopamine based on the redox
reaction at the gate electrode as mentioned in the mechanism (1) above.!!: 1 The detection limit of
the OECT sensor to dopamine can be as low as 5 nM (~1 ppb) under optimal conditions. They
have also shown that the modification of the gate electrode by certain materials such as anionic
Nafion and graphene can greatly enhance the selectivity of the device towards dopamine versus
other interferents such as ascorbate (AA), uric acid (UA), etc.!®3* It is worthwhile to mention that
ascorbate/Vitamin C is of particular relevance as an interferent since it serves multiple roles in the
brain such as a co-factor of dopamine B-hydroxylase for converting dopamine into noradrenaline,
as well as a regulator of dopamine and other neurotransmitters released from the synaptic
vesicles.*

The strategy of decorating the working electrode with anionic materials such as Nafion was
devised earlier in the fast-scan voltammetry based on carbon fiber microelectrode for the selective
detection of dopamine by Wightman’s group.’® 3’ The idea of introducing a negatively charged
surface is to promote the accumulation of cationic analytes like dopamine and reject other anionic
interferents.*®® Using a similar principle, later on, overoxidized polypyrrole conductive film was
deposited on the electrode as an anion barrier to enhance the selectivity.>*#! To further increase
the selectivity of the deposited film on the electrode, Lakshmi et al. proposed a bilayer structure
of molecularly imprinted polymer (MIP)/conducive polymeric film on the electrode. The concept
was to utilize the recognition ability of MIP and transduce the binding events of catecholamines
into an electrochemical response with the help of conductive polymeric film.*> Numerous reports
on the conductive polypyrrole-based MIP for the selective detection of dopamine can be found,

where the cavities were templated by dopamine during the electrochemical polymerization.*-*
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Recently, Zhang et al. have demonstrated the idea of using OECTs with MIP modified gate for
the selective detection of amino acids and ascorbic acid.*®*° OECTs can be operated with large
currents up to several hundred pA, which is much higher than those electrochemical methods using
microelectrode (nA to pA). This means OECT devices can potentially provide a better signal-to-
noise ratio. So far there have been no reports on utilizing dopamine templated MIP as the gate
electrode in an OECT device for the highly selective detection of dopamine. Herein, the OECT
devices based on prefabricated interdigitated electrodes were used to investigate the performance
of the dopamine sensor such as sensitivity and selectivity. For the o-MIP gated sensor, a detection
limit of 34 nM can be achieved with a wide detection range from nM to uM. Good selectivity of
the devices towards dopamine with a signal ratio of DA/AA > 5 in a concentration range between
0.35 uM and 8.8 uM can be observed from the results of the real-time experiments with separated
DA and AA tests. When 1-fold DA (~0.4 uM) and 10-fold AA (~4 uM) are co-presented, similar
selectivity towards DA is maintained. The results here show the effectiveness of the MIP concept
in the modification of the gate electrode of the OECT device for the selective detection of
dopamine, an important neurotransmitter, via the transducing of dopamine oxidation at the gate
electrode.

Experimental Section

Materials. PEDOT:PSS (1.3 wt%) and (3-glycidyloxypropyl)trimethoxysilane (GOPS) were
purchased from Sigma-Aldrich. Dopamine hydrochloride and ascorbic acid were purchased from
Fisher Scientific. Pyrrole was from Oakwood Chemical, SC, USA. DI water was obtained from a
Millipore water purification system. Electrolytes such as disodium phosphate (Na;HPO4),
monosodium phosphate (NaH>PO4) were also purchased from Sigma-Aldrich. The concentrations

of Na,HPO4 and NaH>PO4 were 10 mM and 1.8 mM, respectively, for the preparation of a PBS



buffer solution (pH = 7.4). Platinum plate electrodes (1 cm %X 1 ¢cm x 0.1 mm) were from
Newvision, Huizhou, China. Prefabricated interdigitated electrodes (IDEs) were from NanoSPR,
LLC, IL, USA. The channel length L of the IDEs is 20 um, and the total channel width W is 20
mm (1 mm each x 20 pairs). A two-component epoxy, EPO-TEK® H70E, was purchased from
Ted Pella. Gold on silicon substrates (Au/Si) with a titanium adhesion layer were purchased from
Platypus Technologies, WI, USA.

Electrochemical Synthesis of the Molecular Imprinted Polymer (MIP). The insulation of Pt
electrodes was reinforced by applying pre-mixed epoxy (EPO-TEK® H70E) to the junction
between the Pt plate and the PTFE rod. The epoxy was cured at 100 °C for 1.5 h. Electrochemical
experiments were carried out in a CHI 660A electrochemical workstation (CH Instruments, TX,
USA). A conventional three-electrode system was adopted, where a Pt mesh was the counter
electrode and an Ag/AgCl was used as the reference electrode. Pt plate electrode or Au/Si substrate
can be used as the working electrode. Before the electrochemical deposition of polypyrrole MIP
on the Pt electrodes or Au/Si substrate, the surface of the metal was cleaned in 0.5 M NaOH after
five cycles of potential sweeps from -1V to +1 V with a scan rate of 100 mV/s. After rinsing the
surface with DI water, three cycles of scans from 0 V to +1 V were performed in a solution of 10
mM pyrrole and 0.1 M NaCl with a scan rate of 10 mV/s. For the preparation of MIP involved Pt
electrodes, 1 mM of dopamine was also presented in the deposition solution. After the deposition
of polypyrrole MIP, the dopamine template was removed by dipping in ethanol for 1 h. Afterward,
the MIP/Pt electrode can be further overoxidized by performing five cycles of scan from 0 to 0.5
V in 0.5 M NaOH with a scan rate of 10 mV/s. The polypyrrole-modified electrodes were stored
in DI water before usage. The SEM measurements were conducted in a Zeiss Sigma VP FEG-

SEM with a Thermo Scientific UltraDry EDS detector.



OECT Device Fabrication and Characterization. The fabrication method of OECTs on
interdigitated electrodes followed the reported procedures.’®->? After spin-coating PEDOT:PSS on
the IDE substrate, excess PEDOT:PSS outside of the IDE region was removed by Q-tips soaked
with DI water. The substrate was annealed at 140 °C for 1 h on a hotplate. After annealing, the
PEDOT:PSS-free region was insulated from water contact (Sally Hansen, Insta-Dri). Transfer
characteristics and real-time drain current measurements of the OECT devices were measured in
a dual-channel Keithley 2612B source measure unit that was controlled by Keithley ACS software.
The experiments were carried out in a glass vial with 20 mL PBS buffer (pH = 7.4). The PBS
buffer in the glass vial was deaerated with high-purity N> for 10 min before any measurement. A
steady N> flow was maintained on top of the solution during the experiments. The PEDOT:PSS
covered IDE region of the OECT was immersed in water during all of the measurements. Pt
electrode or polypyrrole modified Pt electrode was used as the gate electrode for OECTs. In
transfer curve measurements, gate voltage V; swept from 0 to +1 V while maintaining a constant
drain-source voltage Vs at -0.1 V. During the real-time drain current measurements, V', was kept
at +0.5 V while V4 was maintained at -0.1 V. The drain current was monitored during additions
of dopamine with different concentrations. The standard deviation of the baseline from the
beginning trace of the plot and use it as our baseline noise. After each addition, if the current
change is larger than three times of the baseline noise, the detection limit is accepted.

Results and discussion

The procedure of electrochemical synthesis of overoxidized MIP (o-MIP) is shown in Figure 1a.
First, the polymerization of pyrrole on Pt electrode was carried out in a mixture solution of
dopamine template and pyrrole monomer. A 1:10 molar ratio between DA template (1 mM) and

pyrrole (10 mM) was adopted as suggested by the previous report to achieve optimal selectivity



towards DA.* After three cycles of deposition were employed, a dark brown film was formed on
the surface of the electrode (Figure Sla and S1c). The oxidation peaks of dopamine and pyrrole
monomer are around 0.55 V and 0.9 V (Figure 1c¢), respectively. The dopamine peak is only
presented in the first scan cycle, in which the oxidation peak of pyrrole shows a gradual increase
of magnitude, which indicates the conductive nature of the MIP film as well as the gradual increase
of film thickness. After the removal of the template by ethanol wash, the polypyrrole MIP was
further oxidized in 0.5 M NaOH to enhance its selectivity by introducing more hydrophilic groups
into the MIP film.** %> The color of the overoxidized film turned almost transparent after this step
(Figure S1b and Sle). The overoxidation of MIP mainly occurs in the first scan cycle with a major
oxidation peak at around 0.35 V (Figure 1d). The SEM image of pristine polypyrrole film (Figure
le) exhibits a uniform morphology, possibly due to the regular and compact growth of MIP under
a slow scan rate (10 mV/s) during the deposition. While after overoxidation, the dendritic-like
feature can be observed on the surface of MIP film (Figure 1f), which can be attributed to the
etching from the electrochemical oxidation in the alkaline environment, which is consistent with
the previous report on the morphology of overoxidized polypyrrole.”> The FTIR spectrum of
pristine MIP polypyrrole film in Figure S2 shows peaks at ~3400 cm™, ~1500 cm™!, and ~1400
cm’!, that can be assigned to the stretching mode of N-H, C-C, and C-N, respectively, which
confirm the successful deposition of polypyrrole on the electrode.’*>> The peaks at ~3000 cm™!

and ~1000 cm™ are typically attributed to the stretching of the C-H bond.** ¢
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Figure 1. (a) Electrochemical synthesis of dopamine-specific o-MIP on Pt electrode. Pyrrole

monomer was first deposited on Pt via electrochemical polymerization. After the removal of the

dopamine template by ethanol wash, the MIP was further oxidized in 0.5 M NaOH. (b) Schematic

representation of the OECT sensor with overoxidized dopamine-specific MIP as the gate electrode.

(c) Cyclic voltammogram of the pyrrole (10 mM) polymerization with the presence of dopamine

template (1 mM) on Pt electrode. Three cycles of deposition were deployed in 0.1 M NaCl. The

scan rate is 10 mV/s. The arrow in the panel indicates the starting point and the direction of the

potential scan. (d) Cyclic voltammogram of the overoxidation of polypyrrole MIP in 0.5 M NaOH.



Five cycles were applied in the oxidation process. The scan rate is 10 mV/s. The arrow in the panel
indicates the starting point and the direction of the potential scan. (¢) SEM image of pristine
polypyrrole MIP on Au/Si substrate. (f) SEM image of overoxidized polypyrrole MIP on Au/Si
substrate. (g) Transfer curves of OECT device with bare Pt, NIP, MIP, and overoxidized MIP on

Pt as the gate electrode.

The MIP-modified Pt electrode is adopted as the gate of an OECT device for the selective
detection of DA (Figure 1b). As mentioned before, the sensing mechanism based on the redox
chemistry at the gate electrode requires appropriate gate biases to ensure the conversion of the
analyte added. Here, a positive bias is needed for the oxidative conversion of dopamine into o-
dopaminequinone to proceed on the gate electrode. Although a higher gate bias promotes the
conversion of dopamine at the gate electrode, it needs to be compromised with the
transconductance (gm). As maximal gn is typically achieved below +0.5 V for the PEDOT:PSS
based OECTs,”’ the gate voltage (V) applied should not be too high so that the device becomes
insensitive to the oxidation reaction at the gate electrode due to the severe suppression of gm.
Meanwhile, a higher gate bias is not favored for the device stability of OECTs.’>%® Yan’s group
has shown that a gate bias of 0.4 to 0.6 V might be an ideal range of gate bias for the OECT sensor
targeted at dopamine.!” Therefore, the OECT devices in this report are operated in their “off” state
with Vg maintained at +0.5 V during the measurement to assure a balance of selectivity, sensitivity,
and stability for the o-MIP gate electrode. To verify whether this gate bias condition is ideal for
the applications of various polypyrrole-modified gate electrodes, their transfer characteristics were
investigated. In Figure 1g, the transfer curves of OECTs with bare Pt, non-imprinted polymer on
Pt (NIP/Pt), MIP/Pt, and o-MIP/Pt, as the gate electrode are presented. The transfer curve shifts

significantly to the lower voltage side of the Pt curve when the gate electrode is coated with a layer
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of conductive polypyrrole, where the MIP/Pt gate shifts the most while o-MIP/Pt shifts the least.
The transfer curve difference between NIP/Pt and MIP/Pt is likely due to the presence of dopamine
during the preparation of MIP could lead to a different morphology and chemical composition of
the MIP film from the NIP film, which can result in different capacitances. The interplay between
the capacitances of the channel/electrolyte interface (Cc) and the gate/electrolyte interface (Cqg)
determines the charge distribution between gate/ electrolyte and electrolyte/channel when a gate
voltage is applied, and therefore determines the current in the active channel. Thus, the Vg m
associated with the maximal gm values also varies when different gate electrodes are used (Figure
S3). The Vg, m values of the Pt gate is about +0.5 V, which is very close to the ideal oxidation
potential needed for the oxidative detection of dopamine. In contrast, MIP/Pt shows a lower Vg m
at about +0.3 V, implying a reduced sensitivity when +0.5 V is applied for the oxidation of
dopamine. o-MIP/Pt shows a recovered Vg, m at about +0.4 V, which suggests that it might have a
better sensitivity as compared to MIP/Pt in the detection of dopamine.

In Figure 2a, the real-time evolution of the drain current (/4s) of the OECT sensor with bare Pt
gate upon consecutive additions of DA is shown. Under constant bias conditions (Vy =+0.5V, Vs
=-0.1 V), the first two additions introduce little change to the /3. When a third addition of the DA
(26 nM or 5 ppb) is implemented, the trace of /¢s deviates from the baseline and levels off after
~100s, exhibiting a staircase-like change of the signal. This staircase signal has been widely

reported in the detections of neurotransmitters and metabolites,! 1634 44

and in general, it can be
regarded as a characteristic feature of the successful detection of the analyte using redox chemistry
at the gate electrode. This type of current decrease can be observed at every DA addition above 26

nM, resulting in an ascending series of staircases towards lower absolute values of /4s. The size of

the decrement of Igs upon each addition first increases from the 3" to 7™ addition (2.6 uM) and
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then decreases after that. Finally, the 10" addition (53 uM) of the DA results in a negligible change
of Is, indicating the saturation of the device and the range of measurement in DA sensing. For the
AA detection, OECT with bare Pt appears to respond to even lower concentrations as the staircase
shift of the /4s can be observed at the first addition (Figure 2b). Similar to the DA detection, the
upward shift of /gs can be traced upon the additions of AA with increasing concentrations. The
saturation of the Ius is not seen for the AA detection using Pt gated OECT, however, the 10"
addition indeed results in reduced size of the step, which matches the general trend observed in
the second stage (8" to 10" as shown in Figure 2a) of DA detection using Pt gated OECT. These
reduced step sizes indicate that the device will eventually saturate at very high analyte
concertation.

The behaviors of Pt gated OECT for both DA and AA sensing are summarized in Figure 2¢ by
plotting the normalized ending current response (NCR) of each step as a function of accumulated
11,17

analyte concentrations. The definition of NCR can be expressed as follows,

Ids_lds,o

NCR =

(1)

Igs,o

where /gs is the ending current of the step upon each addition of analyte, /4s is the drain current
before the addition of an analyte. Both curves are S-shaped as the slopes at low concentration
regime (<0.1 pM) and high concentration regime (>10 pM) are much smaller than that at the
intermediate concentration regime (0.1 to 10 uM) where the highest sensitivity (d//dc) is
achieved.'> > The NCR response of AA is higher than that of DA when the analyte concentration
is lower than 0.1 pM. However, Pt gated OECT has a higher sensitivity in DA as indicated by the
larger slope as compared to AA sensing at above 0.1 uM. This also explains the previous

observation that the detection of DA reaches NCR saturation quicker than the detection of AA. At
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the accumulative concentration of 88 uM after the 10" addition, the ending NCR value of the DA
sensor is ~0.9, while the AA sensor has a slightly lower ending NCR value of ~0.8.

Although Pt gated OECT sensor has slight differences in detection limit, range of measurement,
and sensitivity, the NCR curves of DA and AA as a function of concentration still generally overlay
each other. Therefore, it is difficult to differentiate DA as an analyte in case AA is presented as an
interferent in a similar quantity or even in large excess. As mentioned before, the dopamine-
targeted MIP can provide a better selectivity of the OECT sensor towards DA detection. However,
the MIP/Pt gate OECT sensor is not very sensitive to dopamine. As shown in Figure S4a, at the
low concentration regime, the /gs shifts downwards upon the addition of DA, which is not the
typical staircase signal ascribed to the oxidation of dopamine. It only shows a noticeable well-
defined step-like change of the /4s after the accumulative concentration of dopamine exceeds 0.35
uM, which is about 10 times higher in comparison with the detection limit of Pt gated devices. A
similar observation is made in the NIP/Pt gated sensor (Figure S4b), which could result from a
combination of the lack of dopamine-specific cavities and a shift in the transfer characteristics.
The similar DA sensitivities between MIP/Pt and NIP/Pt imply that the advantage of introducing
MIP cavities specific for DA along is not enough to overcome the negative impact caused by the
shift of transfer characteristics. Additionally, in the MIP/Pt and NIP/Pt cases, there seem to be
some separate mechanisms besides the oxidation of dopamine, which results in the changes of /gs
in the opposite direction of the step-like ones. This phenomenon is more evident when the
concentration of dopamine is low, where the contribution from oxidation current is not dominant.
Further investigation is needed to elucidate this question.

In Figure 2d, a real-time trace of o-MIP/Pt gated OECT for the sensing of DA is presented. The

overall response resembles the Pt gated OECT. The first noticeable step-like shift is observed at
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the 3™ addition (26 nM or 5 ppb). Afterward, an ascending pattern of the step-like signal can be
established upon consecutive additions of DA. The Ius also saturates at the 10" addition. On the
other hand, o-MIP/Pt gated OECT shows a drastically different response in AA sensing as
compared to Pt gated sensor (Figure 2¢). No well-defined staircase signal can be observed from
the 1% to the 3™ addition, and the current starts to trend slightly downward from the 3™ addition.
Within the first eight additions, the step-like change of Iys is greatly suppressed. However, after
the accumulative concentration reaches above 10 pM, a dramatic step can be observed at the 9"
addition of DA, which indicates that at that stage MIP is not effective anymore in the blocking of
AA oxidation. This indicates the upper concentration limit of the selectivity of o-MIP. It is possible
that when AA concentration reaches above a certain threshold value, i.e. 10 uM, oxidation of AA

can occur on the surface of MIP film without binding with the selective cavities within the MIP

film.
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Figure 2. (a, b) Real-time trace of drain current /s of OECT sensors with Pt gate upon sequential
additions of dopamine (a) and ascorbate (b) in PBS buffer. (c) Normalized current response (NCR)
of OECT sensors with Pt gate as a function of added analyte concentrations. (d, ¢) Real-time trace
of drain current /4s of OECT sensor with MIP/Pt gate upon sequential additions of dopamine (d)
and ascorbate (e) in PBS buffer. (f) Normalized current response (NCR) of OECT sensors with
MIP/Pt gate as a function of added analyte concentrations. Vg = +0.5 V, Vg = -0.1 V. The
concentrations of 10 consecutive additions of the analyte are 2.6 nM, 5.3 nM, 26 nM, 53 nM, 0.26
uM, 0.53 uM, 2.6 uM, 5.3 pM, 26 uM, and 53 pM. The first, 5™, and 10" additions of the analyte

are labeled for eye guidance. Every real-time experiment was reproduced in 5 devices.

The NCR of o-MIP/Pt gated OECT can be referred to in Figure 2f. It is clear to observe the
separation of two curves when the accumulative concentration exceeds 0.1 pM. NCR of DA
sensing with o-MIP/Pt exhibits “S-shaped” characteristics similar to that with Pt gated sensor,
which presents the highest sensitivity in the intermediate range of accumulative concentration
between 0.1 uM and 10 pM. The final NCR value of MIP/Pt gated OECT is about 0.9, which is
also close to the bare Pt gated OECT. In contrast, the AA sensor shows no significant sensitivity
until an accumulative concentration of 10 uM. Due to the direct oxidation of AA on the surface of
the film at high concentration, the NCR of the AA sensor sharply increases at above 10 uM.
However, even with the abrupt increase, the ending NCR value is still lower than that in the DA
sensor, which implies that the selectivity of MIP still partially remains at an accumulative
concentration of 88 uM. Therefore, it would be interesting to compare the performance between
Pt gated and o-MIP/Pt gated OECTs in terms of selective detection of DA under different

concentration regimes. The normalized current response of OECTs with or without the o-MIP layer
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on the Pt gate electrode at three representative concentrations is shown in Figure 3. As for the bare
Pt gate electrode, the NCR values from dopamine and ascorbate are indistinguishable at the
intermediate regime of the accumulative analyte concentration (0.35 uM). When entering into a
higher accumulative concentration regime (i.e. > 8 uM), NCR values from DA become larger than
those from AA, which indicates a slight selectivity towards dopamine. However, this intrinsic
selectivity only works at relatively high analyte concentrations. Throughout the concentration
range, the best selectivity ratio of NCRpa/NCRaa is still below 1.6 for Pt gated OECT. On the
other hand, the MIP coated Pt electrode shows better selectivity towards dopamine at all
representative concentrations as compared to bare Pt. The NCRpa/NCRaa ratio is ~ 7.6 at 0.35
uM and ~13 at 8.8 uM. As for the high concentration at 88 uM, the selectivity of the OECT sensor
decreases to about 3. This is consistent with the observation of the abrupt increment of NCR signal
in Figure 2f when AA concentration exceeds 10 uM, indicating the reduction of the effectiveness
of MIP in the suppression of parasitic contribution to the gate voltage offset from AA oxidation.

1.4

. DA, Pt [l DA, o-MIP/Pt

AA, Pt ] AA. o-MIP/Pt

1 ss.m 88 uM
1.04 1 8.8uM 1 88uM
[l

Figure 3. Normalized current response (NCR) of OECT sensors with Pt gate or o-MIP/Pt gate at

different accumulative analyte concentrations. Note that the MIP is templated by dopamine. DA
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stands for dopamine and AA stands for ascorbate. Each error bar is derived from the NCR of 5

devices.

Since o-MIP/Pt exhibits a good selectivity towards DA in an accumulative intermediate
concentration of ~0.4 pM, it is also valuable to investigate its selectivity with the presence of a
large excess of interferent such as AA. The introduction of a large excess interferent (i.e. 10-fold)
is a typical method to verify if the parasitic contribution from the interferent is involved, which
provides a straightforward way to examine the selectivity of an electrochemical sensor. As shown
in Figure 4a, a drastic step of /4 can be observed after the addition of ~0.4 uM DA, which is
followed by an insignificant change of the signal after the addition of 10-fold AA (4 uM). When
the order of additions is swapped, a small step shift upwards caused by the addition of 10-fold AA
is first observed, and then after the introduction of DA, a major step signal can be produced (Figure
4b). These observations not only show an insignificant interference of the signal caused by the
introduction of 10-fold AA, at the same time, they also illustrate that the appearance of a DA step
signal is not dependent on the order of the additions. This result shows that DA dominantly

occupies the cavities in the MIP layer while AA is not strongly adsorbed within the MIP film.
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Figure 4. Real-time trace of /4s of OECT sensor with o-MIP/Pt gate upon alternating additions of
DA (0.4 uM) and 10-fold interferent AA (4 uM) in PBS buffer. (a) First DA then AA. (b) First

AA then DA. Vy=+4+0.5V, Vgs=-0.1 V.

Conclusions
In conclusion, this work has devised a facile approach for the preparation of dopamine selective

OECT sensor based on MIP modified gate electrode. A series of polypyrrole-derived films on Pt
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can be electrochemical synthesized, including NIP, MIP, and o-MIP. The transfer characteristics
of MIP/Pt gated OECT deviate the most from the reference curve of the bare Pt gated device with
a Vg m associated with maximal transconductance at about +0.3 V, which intrinsically disfavors
the oxidation of dopamine. Both MIP/Pt and NIP/Pt gated sensors have a rather high DA detection
limit at ~0.35 uM, which is not as good as the Pt gated device (~34 nM or 6.5 ppb). Despite good
sensitivity and low detection, the Pt gate electrode shows little DA selectivity in the drain current
response when compared with the results from AA in the same concentration range (0.1 to 100
uM). o-MIP/Pt, showing good Vg, m, with specific cavities for DA, exhibits good sensitivity and
selectivity in the DA detection. Furthermore, the o-MIP gated sensor achieved a similar detection
limit as compared to the Pt gated device, largely because its Vy m align with the ideal oxidation
potential for DA. Meanwhile, a good selectivity of DA/AA signal ratio of larger than 5 can be
achieved in the concentration range between ~0.4 uM and ~10 pM. The performance of the OECT
sensor gated with o-MIP/Pt can be maintained in the co-presence of 1-fold of DA analyte and 10-
fold of AA interferent. With the merits of low cost and convenience by electrochemical deposition,
molecularly imprinted polymers (MIPs) offer promising possibilities for the fabrication of highly
selective OECT sensors, without the presence of high-specific yet expensive surface modifiers
such as enzymes and antibodies. We hope the concept of this work on the real-time selective
detection of dopamine based on MIP gated OECT can be further expanded into the sensing of
other redox-active small molecules or neurotransmitters.
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