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Polypyrrole (Ppy) and methylene blue are electroactive compounds that can be polymerized by
electrochemical polymerization methods [1]. Ppy is one of the most analyzed conducting polymers used for
the development of various types of sensors. Meanwhile, methylene blue (MB) is a phenothiazine derivative,
which in analytical chemistry is used as a redox mediator that undergoes color changes from bright blue to
colorless when the oxidized form becomes reduced. In recent years, several studies describing the combination
of Ppy and PMB have been published [2,3].
The conductivity of Ppy can be effectively tuned by a careful selection of dopants [4,5]. In most cases, small
ions of strong acids are used as dopants, for instance, chloride, sulfate, and others [5,6]. Among the various
dopants, saccharides are special substances [4,7].

In this study the aim was to compare the effect of the saccharides (Lactose, Sucrose, and Heparin) on
the Ppy-PMB layer.
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• The electrochemical deposition of the polypyrrole
layer was carried out by cyclic voltammetry from
a solution containing of 50 mM of pyrrole, 10
mM of methylene blue, and one of the doping
materials: 0.1 M Lac, 0.1 M Suc, 0.01 g/L Hep.

• Surface morphology was analyzed by AFM
method. Saccharides used in this study influenced
the surface morphology and roughness of the
layers. From the length of cross-section vs.
structure height distribution, the height is up to
1.5–2.5 μm for (Ppy-PMB)Lac, up to 2 μm for
(Ppy-PMB)Suc, and up to 3 μm for (Ppy-PMB)Hep.

Figure 1. Electropolymerization of Ppy-PMB layers by potential cycling. Voltammograms at different
cycles (1, 5, 10, 15, 20, 25): (A)-(Ppy-PMB)Lac, (B)-(Ppy-PMB)Suc, (C)-(Ppy-PMB)Hep, (D)-the width of the
cycle loop in mA (𝚫I) was compared at potentials +0.08 V and +0.7 V. a-(Ppy-PMB)Lac, b-(Ppy-PMB)Suc, c-
(Ppy-PMB)Hep.

Figure 1 shows
voltammograms of Ppy-
PMB layers at different
cycles.
The currents obtained
during the first cycle
demonstrate the polymer
formation on the ITO
electrode. The peak of the
cathodic current can be
seen at 0.20 V for the
(Ppy-PMB)Lac, 0.28 V for
the (Ppy-PMB)Suc, and
0.277 V for the (Ppy-
PMB)Hep layers.

All three layers obtained
were quite different. The
most evenly distributed
was (Ppy-PMB)Lac layer
and massive surface
structures were formed on
the (Ppy-PMB)Hep layer.
From the length of cross-
section vs. structure
height distribution, it is
clear that the height is up
to 1.5–2.5 μm for (Ppy-
PMB)Lac, up to 2 μm for
(Ppy-PMB)Suc, and up to
3 μm for (Ppy-PMB)Hep.
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Conclusions

Britton–Robinson buffer (BRB) solution was made of 0.01 M boric acid, 0.01 M acetic acid, 0.01 M
phosphoric acid, and 0.1 M potassium chloride.

A computer-controlled potentiostat/galvanostat PGSTAT 128N equipped with Nova 1.10 software was used
for electrochemical polymerization of conducting polymer.
A three-electrode system was applied for all electrochemical depositions. ITO electrode modified with Ppy-
PMB layer was used as a working electrode. Ag/AgCl(3M KCl)was used as a reference electrode and platinum
wire as a counter electrode.
Surface analysis was performed by atomic force microscope (AFM) ‘Bioscope/Catalyst’. AFM images were
obtained with a silicon nitride probe coated with a gold reflective layer (tip radius 20 nm, nominal resonant
frequency 56 kHz, spring constant 0.24 N/m).

Pretreatment of ITO-Coated Glass
Glass/ITO surface was washed in a solution consisting of 27% NH4OH and 30% H2O2 mixed at ratio 3:1 and
preheated up to 50 ˚C degrees for 4 min. Later, glass/ITO was treated by ultrasound subsequently in water,
acetone, and water for 15 min in each liquid. After procedure, the glass/ITO was dried out with argon stream
and stored in dry conditions.

The electrochemical deposition
The electrochemical deposition of Ppy-PMB layers doped with lactose (Lac), sucrose (Suc), and heparin (Hep)
was carried out from a solution containing of 50 mM of pyrrole, 10 mM of methylene blue, and one of the
doping materials: 0.1 M Lactose, 0.1 M Sucrose, or 0.01 g/L Heparin. Polymerization was performed at a
room temperature during 25 potential cycles in the range from –0.5 V to +1.2 V vs. Ag/AgCl, at the sweep
rate of 50 mV/s and step potential of 2.44 mV.

Figure 2. The AFM-based evaluation of
surface morphology dominant features of
(A)—(Ppy-PMB)Lac; (B)—(Ppy-PMB)Suc;
(C)—(Ppy-PMB)Hep. (D)—The comparison
of the cross-sections of surfaces of the
layers. (E)—Height distribution.


