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oxide as a sensitive tool for H,O, detection
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Graphene is a new material consisting of single layer of sp?> — bonded carbon atoms. Since its
discovery in 2004 [1] graphene has emerged as the “material of the future” due to its unique
nanostructure and electrical, thermal and mechanical properties [2,3]. Graphene is how considered as a
promising material for application in various technological fields such as transparent conductive films
[4], solar cells [5], gas storage media [6], and next generation of electronic devices [7]. Prussian Blue
(PB), which is the prototype of mixed-valence transition metal hexacyanoferrates was initially used as a
blue pigment only. In 1978 Neff reported that PB can be deposited onto an electrode surface to produce
an electroactive coating [8]. In particular the PB films can be used in electrochemical sensors and
biosensors because of its catalytic properties toward the detection of hydrogen peroxide [9].

PB nanoparticles with the size 10 nm and -potential =50 mV were synthesized by the reaction of
FeCl; and K4[Fe(CN)¢] in the presence of 102 HCI. PB nanoparticles were immobilized in polyelectrolyte
(PE) multilayers using the layer-by-layer (LbL) method [10]. Additionally the graphene oxide (GO) was
deposited from its aqueous suspension to form additional layers of the film. We found that the thermal
reduction of GO at the temperature 180°C is the effective processes leading to formation of spz—bonded
carbon atoms. The examination of XPS spectra indicated that after the ratio of the sp2 carbon increased
to c.a. 80 at.%. Since, on the other hand the PB nanoparticles remained stable at that temperature; we
applied thermal reduction to turn graphene oxide embedded in the multilayer films into its reduced form
(rGO). The electric conductivity of films after the reduction was analyzed by the four point surface
conductivity measurements, whereas cyclic voltamperometry was used to determine the electroactive
properties of multilayer films containing both Prussian blue and rGO.

We noticed that in the presence of rGO sheets the intensity of the redox current of PB embedded in
the multilayer films markedly increased due to enhancement of electron transport to the gold electrode
surface. In the presence of hydrogen peroxide characteristic peaks from reduction of H,O, to OH ions
and oxidation to O, molecules appeared. We found a linear correlation between that redox current
density with the number of deposited PB/rGO layers and concentration of hydrogen peroxide in the
solution. Therefore, the electrodes covered with composite polyelectrolyte/PB nanoparticles/rGO film
enable in-situ sensing of H,O,. Presence of rGO in the multilayer structure increases ca. 30 times the
sensitivity for hydrogen peroxide with respect to films containing polyelectrolyte and the same number of
PB layers only.
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