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According to our original research plan we have continued the research on the composite and
hydrid systems as follows: phthalocyanine, Fe-phthalocyanine, Pd-phthalocyanine, poly
(copper phthalocyanine) with multi-walled carbon nanotubes, electronically conducting
polymers and proton conducting Nafion.

The layer deposition and the ion exchange processes of these systems have been investigated
by electrochemical quartz crystal nanobalance (EQCN), their electrocatalytic activity in
respect of the oxygen reduction was studied by rotating ring-disc electrode at different
conditions. Successful experiments have been carried out on the electropolymerization of
indole and several amino derivatives of indole. The conditions of the electropolymerization
have been optimized, and the resulting polymers have been characterized by EQCN, UV-Vis
spectroelectrochemistry, impedance spectroscopy (EIS), dynamic EIS, SEM and FTIR. A
novel technique, the combined EQCN-spectroelectrochemistry by using ITO covered quartz
crystals has been developed. We have been cooperating with a research group of the Research
Institute of Science of HAS on polyaniline interpenetrated amphiphilic conetworks which are
also intented to test as supercapacitors. We have tried a bioelectrocatalytic system based on a
yeast-modified platinum electrode, and it was tested with NADP* redox transformations. The
results of these fundamental studies have been published in scientific journals and presented
at international conferences by the Pl and his students, respectively.
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B. Broda won the 1st prize of the student competition in chemistry (TDK) of the E6tvos L.
University and 3rd Prize at the OTDK conference. In the period in question F. Szabo, B.
Broda (BSc), C. E. Moore (from U.S.A.), K. Borsos (MSc) and A. Nemes (PhD) worked in
the project. PhD students, who were involved in the first phase of this research, B.B. Berkes
(PhD 2013) now is a researcher of the University of Karlsruhe, and Akos Kriston (PhD 2012)
works in the Netherlands at an EU Research Institute for electrochemical power sources. In
the supercapacitor project we co-operated with the research group led by Zoran Mandic at the
Univ. of Zagreb, Croatia. We have also collaborated with VVladimir Mirsky at the
Brandenburg Technical University within the framework of the POLYCON project of Danube
States R&D network; A. Nemes carried out conductivity measurements on phthalocyanine
surface layers in Senftenberg. Dynamic impedance measurements were carried out at
University of Bochum with co-operation of A. Bandarenka.

The utilization of the metal-phthalocyanine composites are in progress concerning oxygen
reduction reaction in hydrogen-oxygen fuel cells. It has become evident that expensive
platinum can be replaced by these cheap systems. It has been proven that the composites
based on conducting polymers and carbon nanotubes can be used as effective and stable
systems in supercapacitors.

Selected illustrations of the results

Polyindoles [3, 7, 10, 14, K3, K4, K6, K9]
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Fig. 1. The cyclic voltammetric curves and the corresponding frequency changes obtained
during the electropolymerization of 5-aminoindole at Pt in contact with a solution containing
0.5 mol dm™ H,S04 solution and 5 mmol dm™ 5-aminoindole. v =50 mV-s. Five

consecutive runs involving 20 cycles each were applied [10].

The construction of the cell and instrumentation for combined EQCN-

spectroelectrochemistry measurements by using 1TO covered quartz crystals [8, K8]
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Fig. 2. The measuring cell with the crystal holder firmly attached to its rear. The transparent

ITO covered quartz crystal serves as working electrode in the setup [8, K8].

Polyaniline—-multiwalled carbon nanotube composite [12]



Fig. 3. SEM pictures of the EQCN gold electrode (a), the gold electrode covered with
MWCNT (b), the Au-MWCNT electrode after aniline adsorption (c), Au-MWCNT-
polyaniline [12].
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Fig. 4. The cyclic voltammograms and the simultaneously obtained EQCN frequency
responses during cycling of an Au | MWCT-polyaniline electrode in in 0.5 mol dm H.SO4
solution. Scan rate: 50 mV s*[12].

Metal-phthalocyanines [5, 11, 13, 15, 16, K10, K11]

Fig. 5. Scan rate dependence of the cyclic voltammetric (a) and the simultaneously obtained
EQCN frequency responses (b) for an Au | FePc electrode. Electrolyte: 0.5 mol dm sulfuric
acid. Scan rates are: 100 (1), 50 (2), 20 (3), 10 (4), and 2 mV s*(5) [11].
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Fig. 6. Cyclic voltammetric responses for an Au (1), an Au | FePc (2) and a Pt (3) electrode in
the presence of oxygen. Electrolyte: 0.5 mol dm= H;SO4. Scan rate: 50 mV st [11].

Fig. 7. SEM pictures of the EQCN gold electrode covered with Fe-phthalocyanine

microparticles a) freshly prepared layer, b) after cyclic voltammetric investigations [11].
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Fig. 8. Cyclic voltammetric (a) and the simultaneously obtained EQCN frequency (b)
responses for an Au | poly(CuPc) electrode in contact with electrolyte solutions of 0.5 mol
dm KCI + suitable concentration of KOH for adjusting pH values. pH values are: 11.0 (1),
11.4 (2), and 12.38 (3), respectively. Scan rate: 20 mV s [13].
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Fig. 9. Cyclic voltammetric responses of an Au | poly(CuPc) electrode in contact with sulphate
electrolytes (H2SO4 or H2SO4 + Na2SO4 or Na2SO4 + NaOH) of different pH values: 0.3 (1),



1.18 (2), 2.17 (3) 2.57, (4), 7.8 (5), 11.1 (6) and 12.7 (7). Scan rate: 10 mV s™. The total
concentration of the sulphate ions was kept practically constant at 0.5 mol dm=[16].
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Fig. 10. Potentiometric titration curves obtained for the titration of 100 cm® 0.1 mol dm
HCIO4 with 1 mol dm= NaOH at an Au-EQCN | poly(Cu-phthalocyanine) (potential curve —
red and EQCN frequency curve — blue) and at a glass electrode (pH curve — black),

respectively. V is the volume of the 1 mol dm= NaOH titrant added [16].

For the detailed description and explanation of the results please consult the papers indicated.



