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Electrolyte — Gated Organic Field — Effect Transistors (EGOFETs) have attracted considerable interest as
electrical transducers due to their low power consumption and strong potential for label — free biosen-
sing. Hydrogels — polymeric networks capable of absorbing and retaining large amounts of water — have
emerged as effective solid electrolyte media, enabling the replacement of liquid electrolytes in EGOFETs
to form hydrogel-gated OFETs (HYGOFETS). In this work, we demonstrate the use of HYGOFETS for bio-
sensing applications by employing agarose hydrogels functionalized with avidin as the solid electrolyte.
The devices were integrated into a lateral flow system, and their electrical response to biotin was systema-
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tically investigated under continuous analysis. The bio-recognition event induced a measurable change in
device capacitance, allowing the achievement of a very low limit of detection in the fM range. This study
highlights the relevance of bio-compatible solid electrolytes for advancing robust, integrated, and physio-
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1 Introduction

Electrolyte-gated organic field-effect transistors (EGOFETS) are
attracting significant interest for the development of low-
power electronic devices (typically operating below 1 V)." The
EGOFET architecture relies on the replacement of the conven-
tional dielectric layer of an organic field-effect transistor with
an electrolyte medium, which is in direct contact with the
organic semiconductor (OSC). The application of a gate-source
voltage leads to the formation of electrical double layers at the
OSC/electrolyte and electrolyte/gate interfaces, which are
responsible for the OSC transport modulation.>” In recent
years, these devices have attracted significant attention as elec-
tronic transducers for biosensing applications, particularly
when operated with aqueous electrolytes.*® Nevertheless,
alternative strategies based on the use of solid electrolytes are
gaining increasing interest, as they enable low-voltage oper-
ation while providing enhanced device robustness.”™?
Hydrogels are three-dimensional, cross-linked polymer net-
works that can absorb and retain large amounts of water while
maintaining its structural integrity.'* In addition, hydrogels
show flexibility,'®> tuneable mechanical strength'®'” and excel-
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logically compatible organic bio-sensing platforms.

lent biocompatibility.'® These materials have been widely
exploited for applications such as sensors,'** touch panels,**>*
energy storage systems,”>”® drug delivery,”””*® heavy metal ion
removal,>®?° contact lenses®”? and tissue engineering
scaffolds,* among others.

Owing to their high-water content, hydrogels exhibit ultra-
high capacitance values (on the order of pF cm™).
Consequently, hydrogels can function as gel electrolytes in
EGOFETs, overcoming the limitations of liquid water-based
media and enabling efficient charge accumulation and carrier
density modulation at very low voltages.**® Hydrogel-gated-
OFETs (HYGOFETs) have also been explored as pressure
sensors.'? In addition, a few studies have demonstrated the
use of HYGOFETs for bio-sensing applications, such as the
detection of pH variations, redox reactions, or the encapsula-
tion of bio-chemical reactions.’”™*° It is well-established that
hydrogels can be readily bio-functionalised,**™® and that
analyte/bio-receptor interactions may alter the material pro-
perties, for example by inducing volumetric changes within
the hydrogel.** However, to the best of our knowledge, bio-
functionalised hydrogels have not yet been employed in
HYGOFET architectures for bio-sensing applications. This
work focuses on the production of bio-functionalized agarose
hydrogel films and their integration in EGOFETs for sensing
applications. As a model system, avidin-modified agarose was
employed to detect biotin, exploiting the well-known high
affinity and specificity avidin-biotin supramolecular complex.*>
First, a protocol was developed to obtain robust and optimised
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hydrogel films, and the resulting HYGOFETSs were electrically
characterised. Subsequently, the devices were assembled by
integrating a lateral flow (LF) nitrocellulose paper strip into
the HYGOFET architecture (LF-HYGOFET), yielding a portable
system that enables sample transport via the capillarity action
of nitrocellulose and allows continuous analyte flow. Further,
this approach eliminates the need to remove the hydrogel for
ex situ analyte incubation, thereby simplifying the device oper-
ation and enhancing the transducer stability. The devices
exhibited a linear response over a wide range of biotin concen-
trations, which was attributed to changes in the hydrogel
capacitance, with a limit of detection in the fM range. Thus,
this work demonstrates the feasibility of using bio-functiona-
lised hydrogels for the development of reliable and efficient
point-of-care diagnostics tools and sensors.

2 Results and discussion

The HYGOFET device configuration used is shown in Fig. 1a.
Interdigitated gold source (S) and drain (D) electrodes as well
as a coplanar gate (G) contact were fabricated on Kapton sub-
strates. As active layer, a highly crystalline thin film of the OSC
2,8-difluoro-5,11 bis(triethylsilylethynyl)anthradithiophene
(diF-TES-ADT) blended with polystyrene (PS) was prepared
using the bar-assisted meniscus shearing (BAMS) technique,
as previously reported (Fig. 1b).>'>*° To fabricate the hydrogel
electrolyte matrices, a commercial avidin-modified agarose
suspension was employed. Before use, the hydrogel was pre-
treated as described in the Experimental section. Briefly, 1 mL
of commercial 6% avidin-agarose in an aqueous glycerol sus-

a)
HYGOFET

Vel BB B o
Bodo®

_ B
— o]

VGS< ov Vus< ov

M Substrate M OSC  MElectrodes @ Avidin hydrogel

View Article Online

Nanoscale

pension was washed by centrifugation to remove glycerol
(Fig. S1a and Experimental section). After this treatment,
0.5 mL of a solid packed gel was obtained, containing approxi-
mately 60 mg of avidin-agarose. Since avidin-agarose hydro-
gels alone did not yield mechanically robust and easily
handled hydrogels, avidin-agarose was blended with a solu-
tion of non-modified agarose 2 wt% in water to obtain the fol-
lowing weight ratios avidin-agarose:agarose (1:0.33, 1:0.5
and 1:0.66) (Fig. S1b). To perform this task, the corres-
ponding volumes of the non-modified agarose solution were
directly added to the obtained 0.5 mL avidin-agarose hydrogel.
In addition, as control, non-modified agarose hydrogel was
also prepared (i.e., ratio 0:1). Avidin-agarose : agarose hydro-
gels were prepared by drop casting hot solutions (60 °C) on a
square polydimethylsiloxane (PDMS) gasket of 1 cm? placed on
top of a glass slide, and letting the solution to cool down at
room temperature. This process resulted in hydrogel films of
approximately 3 mm thick. Afterwards, the hydrogel was
removed from the substrate and placed on top of the OSC thin
film and the gate area.

The devices were then electrically characterised. Agarose
HYGOFETSs, as previously reported, exhibit a slightly lower
product of charge carrier mobility and electrical double-layer
capacitance (u-Cq;) and transconductance (g,) values in com-
parison with devices measured in water (Fig. $2)."> This was
attributed to a lower effective concentration of mobile ions
within the hydrogel, originating from the entrapped aqueous
phase, as well as to reduced ion diffusion caused by steric con-
straints and interactions with the polymer network, ultimately
diminishing their ability to modulate the HYGOFET channel
conductivity. Fig. 1c displays the transfer characteristics in
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Fig. 1

(a) Schematic representation of a hydrogel-gated organic field-effect transistor. (b) Molecular structure of diF-TES-ADT and PS, and polarized

optical microscopy image of a diF-TES-ADT : PS thin film coated on a Kapton substrate with prefabricated interdigitated electrodes. (c) Transfer
characteristics of the HYGOFETs using the 0:1, 1:0.33, 1: 0.5, 1:0.66 (w:w) avidin—agarose : agarose ratios in linear regime (Vps = —0.1 V). (d)

Comparison of u-Cq and Vy, extracted from HYGOFETSs in linear regime (N =
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3) using hydrogels with different avidin—agarose : agarose ratios.
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linear regime of the HYGOFETs based on hydrogels prepared
from the different avidin-agarose : agarose ratios together with
the response of an HYGOFET based on non-modified agarose
for comparison. The extracted u-C4; and threshold voltage (Vi)
parameters obtained are summarised in Fig. 1d. The device
performance exhibited a slight decrease in u-Cq in the
HYGOFETs based on agarose-avidin:agarose 1:0.33 and
1:0.5 compared to those based on non-modified agarose,
which became more evident in the 1:0.66 mixture. Again, this
is likely due to a reduced ion concentration and mobility
within the matrix. Regarding the Vy,, an increase was progressively
observed with increasing the proportion of modified agarose.
Based on these observations, the 1:0.33 ratio was selected as the
optimal hydrogel composition for sensing measurements, as it
provided the best electrical performance while maximizing the
concentration of avidin moieties within the hydrogel.

To proceed with the sensing experiments, a nitrocellulose
lateral flow (LF) paper strip was integrated into the HYGOFET,
resulting in LF-HYGOFET devices (Fig. S3). We have shown
very recently that the combination of EGOFETs with LF assays
is a very appealing approach to develop point-of-care sensors,
where the nitrocellulose can serve to transport the sample to
analyse.”” Additionally, the incorporation of nitrocellulose
strip onto the hydrogel enables the continuous supply of the
aqueous media into the HYGOFET, avoiding hydrogel dehydra-
tion and achieving a stable electrical performance over time
(Fig. S4). Firstly, the nitrocellulose strip was treated with
bovine serum albumin (BSA) to prevent unspecific biomolecule
adsorption*® and then positioned on top of the hydrogel of the
HYGOFET, together with a sample pad (SP) and an absorbent
pad (AP) at each end of the paper. Prior to biotin detection,
the LF-HYGOFET was electrically conditioned to achieve a
stable current response (see Experimental section).
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Subsequently, a reference transfer characteristic curve of the
device was recorded using phosphate buffered saline solution
(PBS 0.1 M, pH 7.4). Following, a volume of 200 pL of biotin
solutions in PBS 0.1 M (pH 7.4) with concentrations ranging
from 107" to 107'° M were sequentially introduced in the
sample pad, starting from the lowest to the highest concen-
tration. It should be noted that this solution volume was pre-
viously optimized to ensure complete diffusion of the sample
toward the device interfaces. After flowing each sample, the
device was allowed to incubate for 15 minutes followed by a
rinsing step. Then, the device transfer characteristic was
recorded. This procedure was repeated for each tested concen-
tration. Fig. 2a schematically illustrates the experimental pro-
tocol followed. The operation mechanism of an HYGOFET is
governed by the formation of electrical double layers at the
OSC/electrolyte and gate/electrolyte interfaces, where most of
the voltage drop takes place. Thus, the interfacial layer near
the device interfaces with the hydrogel (typically on the order
of a few angstroms to few nanometres) is expected to effectively
contribute to the sensing mechanism (Fig. 2b).

Fig. 3a shows the transfer characteristics obtained upon the
exposure of the LF-HYGOFET to each biotin concentration. It
can be observed that source-drain current (Ing) decreases
while increasing biotin concentration. Electrical variations
resulting from the bio-recognition process were assessed by
calculating the change in current intensity (AI = Ips — Ips,) at
a source-gate voltage (Vgs) —0.4 V, where Ing represents the
source-drain current measured at a given antigen concen-
tration, and Ipg, corresponds to the value prior to biotin
exposure. Calibration curves, obtained by plotting the normal-
ized AI against biotin concentration, are presented in Fig. 3b.
A lineal response is observed in the concentration range from
107" to 107" M. In this region, the data could be fitted giving
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(a) Schematic representation of a LF-HYGOFET device, in which a nitrocellulose paper with a sample pad and an absorbing pad is assembled

on the transistor. The sensing experiment consists in introducing biotin solutions in PBS, followed by an incubation period of 15 minutes, a rinsing
step with PBS and, finally, the recording of the device transfer characteristics. In this process, the complex avidin—biotin is formed within the hydro-
gel, altering the device electrical characteristics. (b) HYGOFET scheme illustrating the gate potential drop at the hydrogel/gate and hydrogel/OSC
interfaces. Only the biorecognition events occurring at these interfaces are responsible for the observed changes in the electrical double-layer capa-
citances (dotted orange line).
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Fig. 3 (a) Transfer characteristics of HYGOFETs based on avidin-modified agarose embedded in the lateral flow assay system and exposed to an

increasing concentration of biotin (Vps = —0.1 V and Vgs = from 0.4 V to —0.4 V). (b) Representation of (Ips — Ips,0)/Ips,0 €xtracted from the transfer
characteristics at Vgs = —0.4 V for N = 3 devices. (c) u-Cq and Vi, vs. biotin concentration for N = 3 devices. (d) Capacitance measurements extracted
from avidin—agarose : agarose (1: 0.33) hydrogels sandwiched between two gold electrodes before and after exposure to a biotin solution (107* M)

in PBS.

a slope of 0.05 + 0.01 M™" (* = 0.997) corresponding to the
device sensitivity. Further, a low limit of detection (LOD) of 5.1
fM was extracted (see Experimental section).

In EGOFETs, the product pu-Cq represents the effective
transconductance factor, where y denotes the OSC charge-
carrier mobility and Cy, stands for the interfacial electrical
double layer capacitance and quantifies the interfacial charge
accumulation at device interfaces, which is responsible for the
channel conductivity modulation. When EGOFETs are
deployed for biosensing, a binding recognition event can
induce different electrical responses depending on the domi-
nant underlying mechanism.*® If the binding event affects the
charge carrier mobility or the device capacitance, a change in
the slope of the transfer curve is expected. In contrast, when
the interaction primarily alters the metal work function
(potentiometric effect), a lateral shift of the transfer curve is
observed, manifested as a Vi, shift.>*>*>! In our experiments,
the sensing response leads to a reduction of the u-Cq;, whilst
Vin Temains essentially unchanged (Fig. 3c). Thus, the sensing
mechanism is primarily governed by a capacitive effect. As the
hydrogel is exposed to a higher concentration of biotin, more
avidin binding sites from the hydrogel become occupied,
forming avidin-biotin complexes.*>**** The avidin-biotin
binding event occurs throughout the hydrogel, but its electri-
cal effect on the HYGOFET is strictly interfacial (Fig. 2b). Since
the device response is governed by the electrical double layer

Nanoscale

within the Debye length, only recognition events near this
region can modulate the effective capacitance, regardless of
hydrogel thickness.>* The bio-recognition event might intro-
duce conformational changes in the structure of the agarose
hydrogel, as well as alter the charge distribution within the
gel. In fact, avidin is positively charged at neutral pH, when
it binds to biotin the net positive charge is reduced and the
ionic distribution modified, affecting the properties of the
electrical double layers at the hydrogel-gate and hydrogel-OSC
interfaces.>

To further confirm that the sensing mechanism is capaci-
tive, Electrochemical Impedance Spectroscopy (EIS) was
employed to measure the impedance as a function of fre-
quency of the bio-functionalized agarose hydrogels, before
and after biotin exposure (Fig. 3d). For this purpose, the
avidin-agarose : agarose (1:0.33) hydrogel was exposed to a
107'* M biotin solution in PBS. As it can be observed, upon
addition of biotin, a clear decrease in capacitance was
observed, consistent with the trend observed in the transfer
characteristics. Capacitance values before and after the
biotin exposure were extracted and normalised by area
employing the formula described in the Experimental
section (Table S1).

To ensure the specificity of the sensing platform and
non-specific biomolecule adsorption, a control experiment
was conducted by using an HYGOFET based on non-modi-

This journal is © The Royal Society of Chemistry 2026
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Fig. 4 (a) Transfer curves (Vps = —0.1 V) of LF-HYGOFETs based on
agarose—avidin : agarose (1:0.33) hydrogels exposed to solutions of acid
ascorbic, as interferent, at different concentrations. (b) Relative current
variation of the devices as a function of ascorbic acid and biotin concen-
trations (N = 6).

fied agarose and adding progressively increasing concen-
trations of the biotin solutions. The results indicate that the
Ips fluctuated randomly within a 10-20% range, with no sys-
tematic drift observed (Fig. S5). These results confirm that
the Ips response is due to the biotin-avidin recognition
interaction.

To further examine potential cross-reactivity of the sensing
mechanism, an additional experiment was carried out, in
which the avidin-agarose:agarose (1:0.33) hydrogel-based
LF-HYGOFET was exposed to increasing concentrations of
ascorbic acid in PBS 0.1 M, a molecule chosen as a non-target
interferent due to its chemical similarity to biotin.>*™° The
resulting transfer characteristics are plotted in Fig. 4a,
showing no consistent trend in the measured Ips with the
exposition of the interferent (Fig. 4b). These findings provide
additional evidence that the capacitive changes observed in
the biotin sensing experiment are mainly attributed to the
specific interaction of biotin with avidin.

3 Conclusions

In this study, agarose-based hydrogels were employed as an
alternative to conventional liquid electrolytes in EGOFETS,
leading to the development of HYGOFETs. Agarose was chosen
as the hydrogel matrix due to its low cost, wide availability,
and simple gelation process. To demonstrate the potential of
these devices for biosensing applications, a receptor bio-
molecule, avidin, was incorporated into the hydrogel matrix.
The sensing performance was investigated by integrating the
HYGOFET with a lateral flow system, enabling continuous and
real-time detection. The platform was validated through the
detection of avidin-biotin interactions, which induced
changes in the electrical double-layer capacitance and, conse-
quently, in the measured source-drain current, achieving a
very low limit of detection of ~5 fM.

These results show that HYGOFETS retain the key advan-
tages of conventional EGOFETSs, such as low operating voltage
and compatibility with aqueous environments, while offering

This journal is © The Royal Society of Chemistry 2026
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easier handling and simplified fabrication. Furthermore, we
demonstrate that, through chemical modification of the hydro-
gel matrix, these devices can be effectively employed for highly
sensitive bio-sensing applications. Importantly, the hydrogels
used in this work are biocompatible and biodegradable,
making the proposed platform particularly attractive for sus-
tainable and bio-integrated sensing technologies.

4 Experimental section
4.1 Materials

Agarose powder (Type I-B, low EEO), polystyrene (M, =
10000 g mol™"), anhydrous 99.8% chlorobenzene (CB),
2,3,4,5,6-pentafluorothiophenol (PFBT), Avidin-agarose from
egg white - aqueous glycerol 50% suspension, Bovine Serum
Albumin (BSA, M,, = 66 kDa), biotin (>99%, HPLC) lyophilized
powder and r-ascorbic acid (99%) were purchased from Sigma-
Aldrich. Polydimethylsiloxane (PDMS), Qsil216 A/B for gasket
production was purchased from Farnell Components. 2,8-
Difluoro-5,11-bis(triethylsilylethynylJanthradithiophene  (diF
TES-ADT, purity >99%) racemic mixture was purchased from
Luminisence Technology Corp (LUMTEC). Acetone and isopro-
panol HPLC grade were purchased from Chem-Lab. All these
commercial materials were used without any further purifi-
cation. Kapton® foils, used as substrate, were bought from
DuPont (Kapton®HN, 125 pm thick). Lateral flow components,
unbacked nitrocellulose test membrane (AE98), sample and
absorbent pads (CF4) were obtained from Cytiva Lifescience.

4.2 EGOFET manufacture

For EGOFET devices fabrication, interdigitated source (S),
drain (D), and coplanar gate (G) electrodes were patterned on
125 pm thick Kapton foil substrates using positive photolitho-
graphy (Micro-Writer ML2, Durham Magneto Optics Ltd).
Metallization was carried out via thermal evaporation (System
Auto 360, BOC Edwards), depositing a 5 nm chromium
adhesion layer followed by a 40 nm gold layer. The resulting
channel dimensions were 18 000 um in width (W) and 50 pm
in length (L), yielding a W/L ratio of 360. The area of the gate
electrode was of 0.15 cm”. The lift-off process was performed
by sequential cleaning in acetone and isopropanol for
5 minutes each, repeated twice.

Prior to active layer deposition, the electrodes underwent
ultrasonic cleaning in acetone and isopropanol. The organic
semiconductor (OSC) deposition protocol followed previously
reported procedures.’® Briefly, the substrates with patterned
gold electrodes were first exposed to UV-ozone for 25 minutes,
then immersed in a 15 mM solution of PFBT in isopropanol
for 15 minutes and rinsed. Subsequently, a 2 wt% solution of
diF-TES-ADT and polystyrene (PS) in a 4:1 volume ratio, dis-
solved in CB, was deposited using the Bar-Assisted Meniscus
Shearing (BAMS) technique.*®®® The coating process was
carried out at a shearing speed of 10 mm s~ while maintain-
ing the substrate temperature at 105 °C. Polarized optical
microscopy (POM) images were acquired in reflection mode
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using an Olympus BX51 microscope equipped with a polarizer
and analyzer set at 90°.

4.3 Hydrogel preparation

Agarose 2 wt% solution. The agarose solution was prepared
at 2 wt% by dissolving the agarose powder in MilliQ water (res-
istivity: 18.2 MQ cm at 25 °C) under continuous stirring (800
rpm) at 120 °C for 5-10 minutes. Once the agarose solution
became transparent, it was immediately used for the film
preparation, as previously reported.'?

Agarose films were prepared using the BAMS technique at a
coating speed of 10 mm s~ and keeping the plate temperature
at 30 °C, close to the agarose jellification temperature. Before
deposition, the tip of the micropipette was kept in hot agarose
solution (120 °C) for some seconds to avoid the jellification
inside the plastic tip. Upon cooling down to room temperature,
the resulting agarose film was subsequently cut into square
pieces (around 1 cm?) and immediately used as electrolyte in the
transistors by sandwiching it on top on the prepared devices.

Avidin-agarose : agarose solution. Commercial agarose-
avidin hydrogel is delivered initially suspended in glycerol,
which acts as stabilizing agent. To remove the glycerol, 1 mL
of the agarose-avidin suspension was washed with 1x phos-
phate-buffered saline (PBS 0.1 M; pH = 7.4) in an Eppendorf
tube, followed by centrifugation at 2000 rpm. The resulting
supernatant was carefully discarded to eliminate residual gly-
cerol. This washing step was repeated three additional times
using 0.5 mL of PBS per wash. From each 1 mL of the original
agarose suspension, approximately 0.5 mL of solid packed
hydrogel was recovered. Since these gels are hard to manip-
ulate, the suspensions were mixed with agarose. Therefore,
agarose-avidin : agarose mixtures were prepared using the
avidin : agarose packed gel obtained and adding different
volumes (1, 1.5 and 2 ml) of the agarose suspension 2% (w/w)
to obtain the following w/w mixture ratios: 1:0.33, 1:0.5 and
1:0.66. The mixtures were heated at 60 °C, to prevent avidin
denaturalization, until a homogeneous solution was obtained.
A polydimethylsiloxane (PDMS) gasket was employed for the
formation of a gel with a specific area. Hence, the hot solu-
tions (60 °C) were deposited on a square PDMS pool of 1 cm?
and let to cool down at room temperature, leading to films
0.5 cm thick. To prevent dehydration of the gels, all the pre-
pared hydrogels were stored in a refrigerator at 5 °C.

4.4 LF - HYGOFET assembly

The prepared hydrogel was deposited on top of the device
ensuring covering the organic semiconductor channel and
gate electrode. Before assembling the LF strip on the
HYGOFET, 1 mL of a BSA solution in PBS (1 mg ml™") was de-
posited on the nitrocellulose strip and sample pad at let it
react for 20 minutes at 37 °C in order to avoid unspecific
absorption along the strip test. Afterwards, the LF strip paper
was positioned on top of the hydrogel. At the edges of the
nitrocellulose paper, a sample pad and an absorbent pad were
placed, maintaining a 2 mm overlap on each side to ensure
proper capillary flow. Since the absorbent pad does not directly
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influence or interfere with the device response, it was not
treated with BSA.

4.5 LF - HYGOFET characterization

LF-HYGOFETs were electrically characterized under ambient
conditions using a Keithley 2612A Source Meter controlled via a
custom Phyton script. Initially, LF-FHYGOFET devices were con-
ditioned by applying a source-gate voltage (Vss) of —0.1 V and a
source-drain voltage (Vppg) of —0.1 V. This conditioning contin-
ued for approximately 30 minutes until the source-drain
current (Ing) stabilized. Once a steady-state was achieved, the
initial transfer curve and output characteristics were recorded
and used as a reference to assess device performance.

To monitor the electrical changes in performance induced
by the sensing event, device figures of merit, including the
threshold voltage (Vi) and the product of mobility (4) and
double-layer capacitance (Cq;), were derived from the slope (b)
and y-intercept (a) of the linear fitting of each transfer charac-
teristic using the following equations:

a Vps

Vi, = —— — 2
th b D)
c L b
H dl—WVDS

4.6 Sensing experiments

Sensing experiments were conducted using a single HYGOFET
device integrated into a LF system. This setup enabled con-
tinuous operation and helped to prevent dehydration of the
hydrogel. Initially, the device was conditioned by flowing 0.1
M a PBS solution (pH 7.4) through the nitrocellulose mem-
brane to ensure proper hydration of the hydrogel. Once a
steady-state drain-source current was achieved, 200 pL of
biotin or interferent solutions at varying concentrations
(ranging from 107" to 107" M) were applied dropwise onto
the sample pad. After a 15-minute incubation period to allow
complete interaction with the hydrogel, the membrane was
rinsed. This rinsing step consisted of dispensing 200 pL of 0.1
M PBS onto the sample pad, allowing it to flow along the nitro-
cellulose strip by capillary action, in order to remove unbound
or loosely adsorbed biomolecules from the nitrocellulose
membrane. Following a 5-minute stabilization period, the elec-
trical response of the LF-HYGOFET was recorded by measuring
the transfer characteristics in the linear regime (Vps = —0.1 V).

Sensitivity was determined by calculating the slope of the
calibration curve. The limit of detection (LOD) has been calcu-
lated using the following equation:

3.30
LOD = ——
S

where o stands for deviation of the blank response and S for
the slope of the calibration curve.

4.7 Capacitance measurements

The electrical double layer (EDL) capacitance values were
obtained by employing the Electrochemical Impedance

This journal is © The Royal Society of Chemistry 2026
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Spectroscopy (EIS) technique. Measurements were carried out
with Autolab potentiostat/galvanostat (PGSTAT128N). Setup
measurements relied on the sandwiching the hydrogel in
between two gold electrodes of 1 cm?, which were connected to
the potentiostat and used as working and auxiliary electrodes.

Impedance spectra (capacitance vs. frequency) were
recorded at different DC bias potentials within the operational
window of the HYGOFET, using a small-signal AC perturbation
of 5 mV (Vgrums). Capacitance was obtained from the imaginary
part of the impedance according to:

oo 1
"~ 2nf|z"]

where C is the capacitance, measured in Farads (F), f is the fre-
quency of the applied AC signal measured in Hertz (Hz), and
|Z"| is the magnitude of the imaginary part of the impedance.
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