Composite nanomaterials for photocatalysis

and solar cells
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Conducting polymers

« Electrosynthesis and characterization of conducting polymers: (poly(3-alkylthiophenes), poly(3,4-di-
alkoxythiophenes), polypyrrole derivatives, poly(N-vinylcarbazole), poly(1,8-diaminocarbazole), etc.
Correlation of synthesis conditions with electrochemical properties of the polymer films in p- and
n-doping ranges, polymer conductivity, morphology and molecular structure.

Nanostructural hybrid materials

« Elaboration of the composites: conducting polymer/semicon-
ductor nanoparticles or fullerenes for application in the solar
cells.

« Synthesis of metal nanoparticles (Au, Ag, Au@Pt) in the poly-
mer matrices and investigation of their catalytic and electro-
catalytic activity.

» Hydrothermal and electrochemical synthesis of ZnO nano-
rods and nanoplates on transparent conducting substrates
(ITO, FTO). Sensitization of ZnO nanorods with CdS and CdSe
nanocrystals for solar cells application.

‘ ’  Elaboration of core-shell composites for photocatalysis
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(ZnO/TiO,, TiO,/CdS/polymer) and photoelectrocatalysis (ZnO/TiO, decorated with Au nanoparticles)
in UV and visible light.

Employed techniques:

 "wet chemistry” methods for synthesis of nanomaterials: high pressure and microwave-assisted hydro-
thermal methods, sol-gel, etc.

» electrochemical methods (classical and electrochemical quartz microbalance - EQCM), spectroscopies
(UV/vis and FTIR in transmission and reflection modes, Raman), X-ray spectroscopies, scaterring and
corresponding computational modelling, XRD, microscopic techniques: AFM/STM, SEM, HR-TEM.
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CURRENT RESEARCH ACTIVITIES:

1. Synthesis and characterization of new composite materials of the type: Fe,O,/TiO,, ZnO/BiVO, for
photocatalysis under visible light.

2. Preparation of visible-light driven photocatalysts by activation of the wide band-gap semiconductors (Sr-
TiO,, ZnO and TiO,/SrTiO, composites) with plasmonic metal nanoparticles or by metal or non-metal doping.
3. Application of the elaborated materials in potential-assisted solar water splitting and photodegrada-
tion of organic water pollutants.

4. Organic/inorganic hybrid solar cells. The research group is involved in realization of the joint project
“Efficient and light photo-rechargeable electric energy storage systems based on solar cell-lithium ion bat-
tery or solar cell-supercapacitor structures for special applications” within TECHMATSTRATEG (realized
by consortium of 8 research groups).
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