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A B S T R A C T

Numerous advantages of poly(3,4-ethylenedioxythiophene)/poly(styrenesulfonate) (PEDOT-PSS) hydrogel make
this material appropriable for biosensors developing. Among many of them, it may be exploited as an im-
mobilization matrix for binding bioreceptors. Porous 3-D structure facilitates high loading of the enzyme and
extends surface area, what results in better biosensor performance and signal increase. High water content
generates hydrophilic environment, thus biocompatibility is greatly enhanced. Citrate or phosphate buffers are
typically used to provide optimal pH for the immobilized enzyme. The present work reports on the development
of the PEDOT-PSS hydrogels synthesized in phosphate buffer or citrate buffer solutions at pH=5 to verify the
influence of the anion present in the polymerization environment on the molecular structure and electro-
chemical properties of the hydrogel. The water content in each hydrogel sample is estimated by weighting the
swelled and dried samples and termogravimetric analysis. It is shown that PEDOT-PSS obtained in phosphate
buffer solution comprises much more water than hydrogel synthesized in citrate buffer. This property is of great
importance for the electrocatalytic properties of immobilized horseradish peroxidase (HRP). Wherefore, the
PEDOT-PSS/HRP modified electrode has been used for the amperometric detection of H2O2 at pH=6. The
phosphate containing ph-PEDOT-PSS/HRP biosensor is characterized by a good linear relation with the con-
centrations of H2O2 with a linear range from 0.0088 to 0.15mM and from 0.4 to 10mM and a low detection limit
of 9.4∙10-7 M and 4.5∙10−5 M (S/N=3), respectively. While the citrate containing cit-PEDOT-PSS/HRP sensor
shows worse analytical parameters - linear range from 0.05 to 0.25mM and detection limit of 1∙10−5 M (S/
N=3).

1. Introduction

Electrically conductive hydrogels are novel class of materials
founding application in many field including tissue engineering [1],
electrode materials for supercapacitors [2] and sensor construction,
where they can be used as both the sensing element or the support for
enzymes [3,4] or aptamers [5].

The conductivity comes from the presence of redox centers [6] or
electronically conducting polymers like polypyrrole, polyaniline or poly
(3,4-ethylenedioxythiophene) (PEDOT) [7–9]. Hydrogels form stable
layers on electrodes due to the presence of chemical crosslinks (tie-
points, junctions) and/or physical crosslinks such as entanglements and
crystallites or hydrogen bonds and electrostatic interactions. Great
advantage of conductive hydrogels as support for enzymes is large
content of water facilitating the diffusion of analyte within the layer.
Water in the layer contributes also to the enzyme load and stability. The

amount of water within the layer is affected also by several other fac-
tors, including buffer composition and presence of salts [10].

Among electronically conducting polymers PEDOT is distinguished
by high conductivity coupled with high biocompability [11,12].
PEDOT-PSS forms a dispersion of particles in water at low concentra-
tions (ca. 1%), which is available commercially. Some authors prepare
composite hydrogels employing the PEDOT-PSS particles and non-
conductive scaffold. For example hydrogel can be obtained by en-
capsulation of PEDOT-PSS solution into the gelatin methacryloyl
(GelMA) using the photopolymerization technique [13] or by common
dispersion of PEDOT-PSS (0–0.3 % (w/v)) in GelMA [14]. Bio-materials
like alginate [15], agarose [16], biohybrid collagen – alginate [17] can
be combined with PEDOT-PSS to form conductive hydrogel. Synthetic
polymers like: polyacrylic acid (PAAc) [18], poly(ethylene glycol)-
diacrylate (PEG-DA) [19], poly (N-acryloyl glycinamide-co-2- acryla-
mide-2-methylpropanesulfonic) (PNAGA-PAMPS) [20], polyacrylamide
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(PAAM) [21–23] and polyvinyl alcohol (PVA) [24] are used to produce
the hydrogel containing PEDOT-PSS likewise.

PEDOT-PSS solution can be physically crosslinked by multivalent
cations, including Mg2+, Ca2+, Fe2+/3+ and Ru(NH3)62+/3+ to form a
hydrogel [25,26]. Stable hydrogels of polyaniline were obtained by
oxidation of the concentrated monomer (0.5 M) in PSS [27,28]. or
phytic acid solution [29]. We apply similar method to obtain the
PEDOT-PSS hydrogel by oxidation of EDOT in PSS solution at high
concentration of the monomer.

Immobilized enzymes require stable pH of the environment. To
ensure the optimal pH conditions citrate or phosphate buffers are ty-
pically used. The influence of the type of anion present in the poly-
merization bath on properties of PEDOT-PSS hydrogels was not studied
up to our knowledge. In this contribution we investigate the PEDOT-
PSS hydrogels synthesized in phosphate buffer (ph-PEDOT-PSS) and
citrate buffer (cit-PEDOT-PSS) solution at pH=6 to verify the influ-
ence of the polymerization environment on the molecular structure and
electrochemical properties of the hydrogel. Next, the hydrogels were
studied as possible supports for horseradish peroxidase (HRP).
Spectroscopic and electrochemical methods were used to investigate
the structure and properties of ph-PEDOT-PSS and cit-PEDOT-PSS hy-
drogels.

2. Experimental

2.1. Chemicals and reagents

Chemicals were commercial materials of the highest available
grade, and they were used as received. 3,4-ethylenedioxythiophene
(EDOT); poly(sodium 4-styrenesulphonate), PSSNa (average Mw
70,000, powder); ammonium persulfate, H8N2O8S2 (ACS reagent, 98
%); horseradish peroxidase, HRP (type VI-A lyophilized powder;
E.C.1.11.1.7, 250–330 units per mg); 5% Nafion-117 solution were
obtained from Sigma Aldrich. Monosodium phosphate, disodium
phosphate, sodium citrate, citric acid and 30 % hydrogen peroxide were
obtained from Avantor Performance Materials Poland S.A. Phosphate
buffer solution with pH=6.0 and citrate buffer solution with pH=6.0
were prepared using distilled (18.2 mΩ Millipore Milli-Q) water.

2.2. Electrochemical experiments

All electrochemical experiments were performed in a conventional
three-electrode cell using PGSTAT204 potentiostat/galvanostat from
MetrohmAutolab BV, operated by the NOVA 1.10 software. A glassy
carbon disk electrode (geometric area, 0.071 cm2) was used as the
working electrode. A platinum wire served as the counter electrode. All
potentials were measured vs. Ag|AgCl (3 mol∙dm−3KCl) reference
electrode. Before modification, a working electrode was activated by
polishing with aqueous alumina slurries (grain size 3 μm). The sweep
rate (v) was set to 10mV/s in the cyclic voltammetry experiments.

All electrochemical experiments were carried out in aqueous solu-
tion at pH=6 at temperature equal to 23 °C. The 0.1M phosphate
buffer solution was used for ph-PEDOT-PSS and the 0.1 M citrate buffer
solution was used for cit-PEDOT-PSS samples. The pH of buffer solu-
tions was verified by the pH-meter (ELMETRON, CPO-401).

2.3. Infrared spectra

Infrared spectra were recorded using the Nicolet iS50 FT-IR spec-
trophotometer from Thermo Scientific. Due to the hydrogel nature of
PEDOT–PSS composite IR experiments were carried out using the smart
iTR attenuated total reflection accessory with the diamond crystal. The
samples were cast directly on the top of the diamond crystal. The
spectral resolution was 4 cm−1, and typically, 256 scans were averaged
for a single spectrum.

2.4. Resonance Raman spectra

The Raman experiments were carried out using a DXR Raman
spectrometer (Thermo Scientific). The instrument was operated using a
633-nm excitation line. For typical experiments, the spectral resolution
was equal to 1 cm−1. The 50/0.50 objective was used. In the config-
uration used, the signal was collected from the 1-μm3 spot. The laser
beam was focused on top of the layer to minimize the contribution of
the GCE support to the spectra.

2.5. Scanning electron microscopy

The morphology of hydrogels was investigated by Merlin field
emission scanning electron microscope system (Zeiss, Germany).
Hydrogel layer was deposited on the gold surface. The sample was left
for two hours in air atmosphere for drying before the experiment.

2.6. Thermogravimetric analysis

Thermogravimetry data were collected with TGA Q50 (TA
Instruments). The temperature was scanned with the rate: 20 °C/min.
The sample was kept at the final temperature (150 °C) for 10min to
ensure the total evaporation of water.

2.7. Samples preparation

PEDOT–PSS hydrogel was prepared according to the procedure
described by Dai and Jia for polyaniline – PSS hydrogels with some
modification [27]. The concentrations of reagent we used to obtain the
mechanically stable hydrogel were equal to 0.5 mol∙dm−3 for EDOT,
ammonium persulfate and PSS. The use of PSS enhances the solubility
of EDOT in aqueous solution, which itself is unable to form a film [30].
The reaction was carried out in the buffer solutions - in the phosphate
buffer, pH=6.0 (receiving ph-PEDOT-PSS), and in the citrate buffer,
pH=6.0 (receiving cit-PEDOT-PSS). The reaction was carried out for
12 h.

Received hydrogel was deposited on GCE, rinsed with distilled
water and left for drying in air for 2 h. After drying, 12 μl of the HRP
solution (20mg/ml) in phosphate or citrate buffer at pH=6 was
poured onto the electrode. The electrode was left to dry in a humidified
atmosphere at 4 ⁰C for at least 2 h. The electrode was rinsed with Milli-
Q water. Subsequently, 2 μl of the 5% Nafion 117-ethanol solution
(1:10) was dropped on the electrode [11,56,58,59]. The electrode was
left in air for 10min and then transferred into the electrochemical cell.

2.8. Water content by weighting

Water content of the hydrogels is the weight percentage of water in
saturated hydrogels and it was evaluated from the following equation:

Water content = (Ws - Wd)/Ws ∙ 100 % (1)

where Ws and Wd are the fully swollen and dry weight of each sample,
respectively. Hydrogels were dried in the oven in 50⁰C overnight. The
samples were weighed on the analytical balance. Five samples of each
hydrogel were studied. The swelling degree values are average of the
five measurements. The error was calculated as the standard deviation.

3. Results and discussion

3.1. Morphology of the hydrogels

Polymerization of EDOT in the presence of the PSS sodium salt
(PSSNa) (each with a concentration of 0.5 mol∙dm−3) in the phosphate
buffer environment results in a hydrogel with a three-dimensional,
porous structure (Fig. 1).
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SEM images show that the obtained composite consists of indistinct,
non-separated polymer spheres adhering to each other, which form
numerous pores. Solvent molecules can penetrate the empty spaces
between the chains, making the hydrogel a mediator in the transport of
analyte molecules to the active sites of adsorbed enzyme, among others.
The numerous holes within allow to fill its entire volume with water.
Moreover, the porous structure has a large surface area that is available
for enzyme binding. The SEM image of the hydrogel synthesized in
citric buffer looks similar (not shown). The consistency of both hy-
drogels is soft, but the hydrogels adhere well to solid surfaces and do
not dissolve in aqueous solutions at pH 6.

3.2. Water content

Using the Eq. (1), it is possible to determine the water content in
each hydrogel. Typically, the water contents of ph-PEDOT-PSS and cit-
PEDOT-PSS are 69 (+/- 0.2) wt-% and 41 (+/-0.2) wt-%, respectively.
Such weighting of swelled and dried samples indicates significant dif-
ferences in the water content. To verify this observation we carried out
the termogravimetry experiments. The typical results are shown in
Fig. 2. As seen for the ph-PEDOT-PSS hydrogel, the mass decreases to
nearly 27 % of the initial value at the temperature equal to 150 °C. The
sample was kept at 150 °C to ensure the complete water evaporation.
No further mass decrease was observed.

The mass of the cit-PEDOT-PSS diminished to approximately 67 %
of the initial value as illustrated by Fig. 2, confirming the smaller water

content comparing to ph-PEDOT-PSS hydrogel. The water content va-
lues obtained by weighting and the termogravimetry experiments are
collected in the Table 1. The accuracy of both measurements was es-
timated from the standard deviation of the results obtained for five
samples.

To rationalize the differences in the water content the dissociation
of phosphate and citrate anions has to be considered. According to
phosphoric acid speciation and citric acid speciation mostly
H2PO4

−(pKa2= 7.21, ionic charge: -1) and AH2-(pKa3= 6.39, ionic
charge: -2) (where AH3 is citric acid) ions are present in the used buffer
solutions. Due to the smaller size of phosphate ions and probably also a
smaller solvation shell they show higher mobility and can exchange
freely in the system during polymerization, and then the catalytic re-
action. The viscosity B-coefficients could be more quantitative measure
of the anion properties [31]. The B-coefficients are experimental
parameters quantifying the influences of solutes species on the viscosity
of the solution. They are known to provide information concerning the
solvation of the ions and their effects on the structure of the solvent in
the near environment of the solute ions (or molecules). The positive
value of the B-coefficient indicates the increase of viscosity. The B-
coefficient of aqueous inorganic H2PO4

− ion is 0.340 dm3/mol at 25 °C
[59]. The analogic B-coefficient value for the monovalent citrate ion
(AH2

−) equals to 0.658 dm3/mol [32]. Both anions increase thus the
viscosity of the solution, but the effect of citrates is bigger comparing to
phosphates, what contributes probably to the difference in swelling of
ph-PEDOT-PSS and cit-PEDOT-PSS by water.

The differences in both ions can be caused also because of their
position in Hofmeister series [33]. Citrate ions lay in the series on the
left, what means that they can be classified as kosmotropes – or “water
structure making” anions. The H2PO4

− ions are in the middle of the
series –being on the border between kosmotropic and chaotropic an-
ions. The hydration shell of kosmotropic ions is ordered and the density
of water forming the hydration sphere is higher comparing to bulk of
the solution [61]. Anions with such dense hydration sphere are not
diffusing into hydrophobic polymer layers. The hydrophobicity of
PEDOT probably hampers penetration of citrates into PEDOT-PSS
system.

Water present in hydrogel acts like a plasticizer – intermolecular
interactions between polymer chains diminish what yields better
polymer chains mobility. Thanks to this feature, swelled hydrogels are
more permeable to small molecules, which allows, among others, for
more efficient diffusion of the analyte within the hydrogel matrix. Thus,
it appears that ph-PEDOT-PSS is a more appropriate material for the
construction of biosensors, because it contains more water.

3.3. Infrared and Raman spectra

The spectroscopic properties of PEDOT-PSS hydrogels were ex-
amined using infrared spectroscopy and Raman spectroscopy.

ATR-FTIR spectroscopy was used to qualitative investigation of
obtained polymeric composites. Fig. 3 compares typical infrared spectra
of the PEDOT-PSS hydrogels prepared in two different buffer solutions.
Hydrogels layers of similar thickness were deposited on the ATR dia-
mond prism. The spectra were recorded after drying using the infrared
microscope working in the attenuated total reflection mode. Con-
sidering the presence of water in the examined samples, it is not sur-
prising that there are characteristic bands from this solvent on the
spectra, at 3384 cm−1 from the stretching vibrations of −OH group in

Fig. 1. SEM image of PEDOT-PSS hydrogel synthesized in phosphate buffer.

Fig. 2. Thermogravimetric curves of: a) ph-PEDOT-PSS hydrogel, b) cit-PEDOT-
PSS hydrogel.

Table 1
Comparison of water content in hydrogels.

Hydrogel sample Oven drying at 50 °C Thermogravimetric analysis

ph-PEDOT-PSS 69 % (+/- 0.2) wt-% 73 % (+/- 0.1) wt-%
cit-PEDOT-PSS 41 %(+/- 0.2) wt-% 33 % (+/- 0.1) wt-%
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the free and absorbed water and at 1630 cm−1 from the HeOeH
bending vibration of the residual water [34]. On the basis of the in-
tensity ratio of these bands it can be concluded that the ph-PEDOT-PSS
hydrogel contains more water in its structure than cit-PEDOT-PSS hy-
drogel. Water filling the space of the polymer skeleton is desirable
because it facilitates the transport of small molecules throughout the
entire volume of the structure. Therefore, the ph-PEDOT-PSS hydrogel
should exhibit better results as a biosensor compared to cit-PEDOT-PSS,
as shown by further results with H2O2. The presented spectra of both
samples also contain PSS characteristic bands, which is applied as a co-
solvent and dopant, especially bands derived from -SO3 groups (1169,
1125, 1033 and 1005 cm−1) [35]. In addition, band at 1630 cm−1

overlapping one of the water bands is assignable to the C]C stretching
vibrations of the aromatic PSS ring. The band around 1445 cm−1 as-
signs to the stretching of C]C in the thiophene ring. For the cit-PEDOT-
PSS hydrogel this band is smaller and shifted towards higher wave-
lengths (1457 cm−1). The band at 1290 cm−1 indicates the stretching
vibrations of the CeOeC bond in the ethylene dioxy(alkylenedioxy)
group [36], and the bands at 1048 and 1169 cm−1 are corresponding to
the symmetric and asymmetric stretching of S]O. The bands at 962,
881 and 665 cm−1 are derived from the deformation vibrations of the
C–S group in the polymer structure, and they are the fingerprint ab-
sorption of PEDOT [37]. Whereas the band at 1747 cm−1 indicates the
PEDOT-doped state [38]. These data demonstrate the existence of
PEDOT-PSS. Because synthesis of the ph-PEDOT-PSS hydrogel has been
carried out in the phosphate environment the absorption around

1074 cm−1 indicates presence of P-O- species in H2PO4- and HPO4
2-

ions in the hydrogel [39,40]. This figure confirms also the presence of
the citrate ions present in the cit-PEDOT-PSS hydrogel synthesis en-
vironment. The low intensity band observed at 1473 cm−1 is assigned
to the symmetrical stretching of the citrate ion carboxylates [41,42].
While the band of asymmetric vibrations of COO- (∼1586 cm−1) is
invisible, probably covered by the strong band from the HeOeH
bending vibration of the residual water located at 1630 cm−1. The in-
tensities of typical bands for PSS and phosphate/citrate ions were
compared. Their ratios are as follows: PSS:phosphate= 0.99 ≈ 1 and
PSS:citrate= 2.21. It thus proves that phosphate ions penetrate hy-
drogel matrix more efficiently than citrate ions. Moreover, it is very
probable that the small phosphate ions can be effectively transported
through the hydrogel what seems hindered in case of citrate ions. Be-
sides, transport of such large anions would give exceedingly low ionic
conductivities, which is not eligible when using such hydrogel in
electrochemical biosensors. Furthermore, due to the fact that phosphate
acid is stronger than citric acid, water is more strongly attracted in ph-
PEDOT-PSS hydrogel, which is consistent with the calculations of
weight percentage of water in saturated hydrogels. While synthesis
environment does not change the PEDOT to PSS ratio (in both samples
amounts to 0.5).

Raman spectroscopy was used to determine the molecular structure
of PEDOT-PSS hydrogels. The spectra of as-prepared PEDOT–PSS layers
are shown in Fig. 4A. Both, for ph-PEDOT-PSS (Fig. 4a) and for cit-
PEDOT-PSS (Fig. 4b) they are very similar. The highest intensity shows
bands derived from PEDOT. The central point of the Raman spectrum is
the band from the symmetric stretching vibrations of the C]C group in
the polymer ring, which can be observed at 1422 cm−1; this band is
characteristic of polythiophenes. Its position depends on the length of
the coupling (number of double bonds in the chain) and coincides with
the literature data (1419 cm−1 [43]). The lack of bands at 682 and
655 cm−1, associated with defects in the polymer chain, indicates a
planar structure of the sample [44,45]. This confirms the presence of
weak bands at 1130 and 1096 cm−1 characteristic of deformed CeC
bonds between the rings in the polymer chain [46]. This proves that the
obtained system is highly conjugated. The next three very important
bands are also visible at 1529, 1359 and 1248 cm−1 indicating, re-
spectively, asymmetric CeC bond stretching vibrations, and at the
smallest wavenumber CeC stretching vibrations within the ring.

Fig. 4B shows spectra from 1200 to 1700 cm−1, where the strongest
change in both spectra is observed. It refers to the band located at
1496 cm−1 corresponding to the asymmetric stretching vibration of
C]C on the five-member ring of PEDOT [47,48]. The difference in the
intensity of this band for both samples indicates different conformation

Fig. 3. ATR-FTIR spectra of PEDOT-PSS hydrogel prepared in (a) phosphate
buffer, (b) citrate buffer.

Fig. 4. A) Raman spectra of PEDOT-PSS hydrogel prepared in (a) phosphate buffer, (b) citrate buffer. Excitation line: 633 nm. B) Bands in the range: 1700–1200
cm−1.
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of the polymer chains depending on the ions present in the reaction
environment. This has been proven for other conducting polymers that
the kind of anions influences the morphology of polymer samples as
well as their oxidation and conformation states. For instance, in pre-
sence of ClO4- anions PANI nanotubules with planar conformation are
obtained, while in Cl- anions polymer nanostructures with twisted
conformation are formed [49]. Also the structure of polypyrrole un-
dergoes rearrangement of polymer chain packing depending on the type
of anions present in the environment [50].

3.4. Cyclic voltammetry

Fig. 5. Cyclic voltammograms of: a) ph-PEDOT–PSS hydrogel and b)
cit-PEDOT-PSS in the buffer solutions pH=6, scan rates: 10mV/s.

The electroactivity of ph-PEDOT-PSS and cit-PEDOT-PSS was stu-
died in aqueous buffer solutions at pH=6. Typical results are pre-
sented in Fig. 5. As visible both PEDOT-PSS layers are electroactive in
aqueous solutions. The shapes of cyclic voltammetry responses are si-
milar to the results reported for EDOT electropolymerized in presence
of PSS [51] or sodium dodecyl sulfate [52]. The observed redox couple
corresponds to the oxidation of the neutral PEDOT to oxidized - con-
ductive PEDOT and reduction to the neutral polymer in the back scan.
Following references [51] and [52] the reaction is described by the
equation:

(1)

where EDOTn
0 is the neutral monomeric unit of PEDOT, +EDOTn is the

oxidized unit, the −SS stands for the sulfate group of PSS and +C is
cation from the supporting electrolyte.

The charge formed by the oxidation can be compensated by ex-
pulsion of cations from the layer as in Eq. (1) or incorporation of anions
from the supporting electrolyte.

As illustrated in Fig. 5, the current values observed for ph-PEDOT-
PSS are always higher comparing to cit-PEDOT-PSS. Such difference
can be rationalized by various swelling properties of the two hydrogels,
which in turn causes differences in diffusion of ions necessary for the
charge compensation. Water filling the spaces of the polymer scaffold,
facilitates the transport of small particles in the entire volume of the
structure. Thus, ph-PEDOT-PSS hydrogel that contains more water in its
structure (69 wt-% compared to cit-PEDOT-PSS with 41 wt-% of water)
shows higher electroactivity.

3.5. Amperometric detection of H2O2

The amperometric responses of PEDOT-PSS were studied at
+0.20 V vs Ag/AgCl in a deoxygenated solution. The effect of succes-
sive additions of H2O2 on the amperograms of HRP physically adsorbed
on ph-PEDOT-PSS and cit-PEDOT-PSS hydrogels are shown in Fig. 6.
The control experiments were carried out for the hydrogels without the
immobilized enzyme (Figure S1). The responses to H2O2 of the layers
without the enzyme are observed at thousand times higher concentra-
tions of H2O2 comparing to the layers with HRP.

The current response of the physically adsorbed enzyme is visible,

Fig. 5. Cyclic voltammograms of: a) ph-PEDOT–PSS hydrogel and b) cit-
PEDOT-PSS in the buffer solutions pH=6, scan rates: 10mV/s.

Fig. 6. Amperometric response of HRP physically adsorbed on: A) ph-PEDOT-PSS (H2O2 addition: the smallest - 0.0088mM, up to 0.88mM), B) cit-PEDOT-PSS (H2O2

addition: up to 0.044mM).

Fig. 7. Calibrations plot for the amperometric response of ph-PEDOT-PSS/HRP
with the successive addition of H2O2. Inset: response for lower concentration of
H2O2 (0.0088 - 0.15mM).
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as ilustrated in Fig. 6A. Unfortunately, current stabilization takes time,
what indicates weak diffusion. Therefore, the hydrogel has a problem
with reaching a steady state between addition of H2O2, but the system
reacts to the addition of the studied analyte in a wide range of con-
centrations. Using cit-PEDOT-PSS as a matrix for HRP, the H2O2 dif-
fusion is even worse, the system stops responding to further H2O2 ad-
ditions in a short time (Fig. 6B).

The sensitivity of the ph-PEDOT-PSS/HRP system was 0.0035
mA∙cm−2 mM-1 (in the range from 0.4 mM to 10mM), based on the
slope of the current concentration dependence (Fig. 7). The detection
limit of this biosensor was estimated to be 4.52∙10-5 M (i.e., 3 the S/N
ratio [58,59]). For lower concentrations, up to 0.4 mM, the sensitivity is
much higher and reaches 0.155 mA∙cm−2 mM-1, whereas the detection
limit is also higher and amounts to 9.40∙10-7 M (i.e., 3 the S/N ratio).
The cit-PEDOT-PSS/HRP system is characterized by worse parameters.
In the 0.05-0.25mM range, the sensor sensitivity is 0.049
mA∙cm−2 mM-1 and the detection limit is 1∙10-5 M. Unfortunately, for
higher concentration of H2O2, up to 0.25mM, we have observed non-
linear amperometric responses from cit-PEDOT-PSS/HRP system
(Fig. 6B).

Table 2 shows comparison of the sensitivities of various H2O2 sen-
sors based on PEDOT composites.

PEDOT layers has been studied as possible supports for HRP either
as pure films or combined with redox mediators or metallic or carbon
nanostructures. As illustrated in the Table 2 HRP immobilized in
homogenous PEDOT layers shows lower sensitivity comparing to HRP
immobilized in PEDOT layers with a redox mediator (like MDB, PB or
Os complexes). PEDOT composed with osmium complexes or MDB
mediator show similar sensitivity to the PEDOT-PSS hydrogels de-
scribed in this work. Sensors involving the composites with reduced
graphene oxide or metal nanoparticles show similar or better sensi-
tivity, though graphene oxide and noble metal nanoparticles show in-
trinsic catalytic properties towards the H2O2 reduction [53].

4. Conclusions

In this work, we reported PEDOT-PSS hydrogels synthesized in
phosphate and citrate buffer solutions. According to our results, pre-
sence of different ion strongly influence the water content in hydrogel.
Almost 30 % higher water amount in ph-PEDOT:PSS comparing to cit-
PEDOT:PSS translates directly into better biosensor performance. The
differences can rationalized taking into account viscosity B-coefficient
of citrates and phosphates, as well as the Hofmeister effect. Water
provides more efficient diffusion of the analyte within the hydrogel
matrix, what makes hydrogels appropriate materials for biosensor de-
signing. Additionally, hydrogels possess large surface area available for
enzyme binding. Both of mentioned factors enhance electrocatalytic

activity of adsorbed HRP. We obtained H2O2 sensor with 0.0035
mA∙cm−2 mM-1 sensitivity and 4.13∙10-5M limit of detection. Based on
available literature, the polymerization of EDOT is usually performed in
acetonitrile or acid solutions, whereas optimum pH value for HRP is
between 6 and 8. Therefore, we obtained PEDOT-PSS hydrogel in buffer
solutions at pH=6 to avoid the decrease of enzyme activity. PEDOT-
PSS hydrogels synthesized in phosphate buffer solution are promising
material for further modification with metal nanoparticles to receive
biosensors with better sensitivity and lower limit of detection.
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