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Research projects 
 
Development and application of new experimental methods to measure heterogeneous 
particles in superheated steam 
(V. Ždímal, joint project with CTU and Institute of Thermomechanics of the ASCR, v. v. i., 
supported by GACR, grant No. GA101/09/1633) 

The aim of the project is to determine some properties of heterogeneous nuclei present in 
the superheated steam of steam turbines. In this project, the sampling device, coupled to 
advanced aerosol instrumentation (condensation particle counter, scanning mobility particle 
sizer), was used to measure heterogeneous particles at selected power stations. To enable 
measurements of particles down to about 1 nm, a fast expansion chamber was developed, 
enabling resolution of particle size by variable supersaturation. Collected data are served as a 
basis for understanding the transport and the state of agglomeration of chemicals present in 
the steam circuit, for quantifying their effect on condensation, and, consequently, on the 
efficiency and reliability of steam turbines. [Refs. 17-19, 51, 59, 60, 62-64, 66, 92] 
 

 
 

Aerosol sampling train connected to the turbine at thermal power plant Prunéřov II 
 
Thermophysical properties of water in unexplored, technologically significant regions 
(V. Ždímal, joint project with Institute of Thermomechanics of the ASCR, v. v. i., CTU, and 
University of West Bohemia, Plzeň, supported by ASCR, grant No. IAA4200760905) 

This project was focused primarily on liquid water and solutions of selected salts below 
the freezing point (supercooled water), and water in nano-droplets. Existing hypotheses 
include the possibility of phase separation of supercooled water into two liquid phases below 
the second critical point. Density of supercooled water is only known at 0.1 MPa. Suggested 
measurements up to 100 MPa are providing first data. A new method and apparatus have been 
developed. The surface tension of supercooled water and a salt solution was measured. The 
surface tension of nano-droplets was estimated from nucleation experiments. A range of 
theoretical approaches including phenomenological methods, simplified microscopic models, 
and molecular simulations, has been used with experimental data to obtain fundamental 
findings and engineering models. [Refs. 2, 3, 17, 19, 59, 60, 64, 65] 
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Thermal diffusion cloud chamber built at the ICPF - on the optical bench 
 
New ways to synthesize nanoparticles of various oxides 
(V. Ždímal, joint project with the ICT and Spolchemie a.s., supported by the MIT-FR, grant 
No. FR-TI1/548, 2009-2012) 

The aim of the project is to seek new ways how to synthesize nanoparticles of various 
oxides, characterize produced particles and perform a process scale–up. [Refs. 18, 56, 61, 84] 
 

 
 

Electrostatic classifier built at the ICPF for separation of aerosol nanoparticles 
 
European supersites for atmospheric aerosol research (EUSAAR) 
(J. Schwarz, supported by European Commission, project No. FP6-026140-EUSAAR) 
 European infrastructure project EUSAAR is focused on improving the current state of 
aerosol measurement on European supersites for atmospheric aerosol measurement. This aim 
is being reached by dissemination of knowledge from basic technical level to setting-up a 
state of the art of experimental methods on selected sites. QA/QC procedures, intercalibration 
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of both basic and advanced measurement methods together with development of new aerosol 
instrumentation are the ways to fulfill the aims of the project. [Refs. 77, 88, 90, 91] 
 

 
 

Košetice supersite (OBK) as a part of European supersites for atmospheric aerosol research 
 
Similarities and differences of ultrafine urban aerosol in Budapest and Prague 
(J. Schwarz, supported by MEYS, KONTAKT Mobility project No. MEB 040916) 
 The main objectives of the project are to determine the concentrations, size distributions 
and other relevant properties of the ultrafine aerosol particles in Budapest and Prague, to 
intercompare the measuring results and conclusions for both capitals in order to identify 
general properties and specialities, to assess the relationships between the size distribution 
and deposition in the human respiratory system for the ultrafine aerosol, and to study the 
dynamics of the new aerosol particle formation and growth including specialities in Budapest 
and Prague. 
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Nucleation frequency during one-year measurement period in Prague and Budapest 
 
Comparison of aerosol composition, source region profiles and types observed in 1994 
and 2009 at rural background site in Central Europe 
(J. Schwarz, joint project with Nuclear Physics Institute of the ASCR, v. v. i., supported by 
GACR, grant No. GA205/09/2055) 

The objectives of project can be summarized as follows: Atmospheric aerosol elemental 
composition on daily based samples are analyzed using high sensitive non-destructive multi-
elemental analytical technique (Proton Induced X-ray Emission PIXE), using multivariate 
statistical methods the main aerosol source types and their elemental profiles as well as 
magnitude of their influence on receptor site are identified. Main source regions and their 
impact on regional air quality are studied by combining the aerosol composition analysis with 
air mass transport history study. The obtained results are compared with data available from 
1990s to assess the impact of economical and structural changes in Central European 
economy on air pollution. [Refs. 31, 36, 74, 79, 86, 87] 
 

 
 

Location of the sampling sites. The pastel background colours delimit 
the 3 geographical sectors Northwestern, Southern, and Central Europe 
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Influence of surface processes and electromagnetic radiation on transfer phenomena in 
aerosol systems with nanoparticles and porous bodies with nanopores 
(V.V. Levdanski, supported by ASCR, grant No. IAA400720804) 

Aims of the project is to perform a theoretical study of the influence of surface processes, 
size effects and electromagnetic radiation on transfer phenomena in aerosol systems with 
nanoparticles and in capillary-porous bodies with nanoscale pores taking into account 
physicochemical transformations on the particle and pore surface. Study of the joint influence 
of size effects, electric charge and adsorbable foreign gases on formation of nanoparticles was 
made as well. Novel methods of the membrane purification of gases under influence of 
resonance radiation were considered. The effect of radiation on mass transfer and storage of 
hydrogen in metallic nanoparticles was investigated. The influence of electromagnetic 
radiation on coagulation, coalescence of nanoparticles and their deposition on a surface has 
been observed. [Refs. 16-19, 59-66] 
 

 
 

The size dependence of nucleation rate 
 
Composite nanoparticle synthesis by an aerosol process 
(P. Moravec, joint project with IIC, and Tampere University of Technology, Finland, 
supported by GACR, grant No. GA104/07/1093) 

Project involves an experimental study of nanoparticle synthesis by chemical vapour 
condensation method in an externally heated tube flow reactor. In the first part of the project: 
(i) single component metal and ceramic particles (Co, Ni, Pd, MnO) with great potential of 
applications are prepared by thermal decomposition of corresponding metal-organic 
compounds. In the next step: (ii) binary mixed or coated metal-ceramic particles (TiO2-Co, 
Al2O3-Ni, Al2O3-Pd) with potential use as catalyst and binary metal-ceramic (Co-SiO2) and 
ceramic-ceramic (MnO-SiO2) particles with potential applications as gas sensors or in 
electronics are prepared by simultaneous decomposition of two precursors. Particle 
morphology, crystallinity, and chemical composition were examined by SEM, TEM, SAED, 
XRD, EDS, etc. Results obtained in a hot wall reactor have been compared with those from 
experiments with liquid flame spray reactor at Tampere University of Technology. [Refs. 15, 
23, 58, 61-63, 66, 71, 72] 
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HRTEM images and SAED pattern of CoOx nanoparticles synthesized by oxidation of CoAA 
 
European integrated project on aerosol cloud climate and air quality interactions 
(EUCAARI) 
(J. Smolík, supported by EC, project No. FP6-036833-2-EUCAARI) 
 European infrastructure project EUCAARI is designed as a research chain that aims to 
advance our understanding of climate and air quality through a series of connected activities 
beginning at the molecular scale and finishing at the regional and global scale. EUCAARI is 
build upon the pool of available data from previous field campaigns and long-term 
measurements in order to establish globally consistent data sets. A hierarchy of 
complementary models, at the molecular, process, meso-, regional and global scales has been 
applied in a coordinated way in EUCAARI. [Refs. 11, 12, 78, 89] 
 

 
 

Hygroscopic Tandem Differential Mobility Analyzer (HTDMA) for measurements 
of hygroscopic properties of atmospheric aerosol particles 
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Improvement of the assessment methods of ambient air pollution loads of PM10 in the 
Czech Republic 
(J. Smolík, joint project with Czech Hydrometeorological Institute, and Norwegian Institute 
for Air Research, supported by Norwegian Funds (via Ministry of Finance of the CR), project 
No. CZ 0049) 

The aim of the project is to improve the characterization of PM10 suspended particles 
with the focus on secondary particle contribution, proposal of chemical model of secondary 
particles formation, identification of sources, and application and verification of dispersion 
models. The project provides direct support to the improvement of ambient air quality in the 
Czech Republic, respects the principle of air pollution prevention and meets the conception of 
sustainable development. [Refs. 2, 4, 8, 9, 10, 21, 35, 41, 42, 52, 69] 
 
Determination of chemical and toxicological properties of suspended particles and study 
of their formation 
(J. Smolík, joint project with Czech Hydrometeorological Institute, Technical Services for Air 
Protection, Institute of Analytical Chemistry of the ASCR, National Institute of Public Health, 
and TU of Ostrava, supported by Ministry of Environment, grant No. SP/1A3/148/08) 

The aim of the proposed project is to suggest possible legal measures to decrease level of 
atmospheric aerosol burden in the Czech Republic. The sampling and chemical analysis of 
both particulate emissions and immissions at several types of sources and places in the Czech 
Republic, statistical analysis of the results and toxicological characterization of particles have 
been used to fulfill the aim of the project. [Ref. 34, 47-50, 53, 55, 73, 78, 80] 
 
Chemical interactions between cultural artefacts and indoor environment (EnviArt) 
(J. Smolík, supported by European Science Foundation (ESF), COST Action D42) 

The aim of EnviArt is to explore chemical interactions between cultural artefacts and 
typical indoor environmental conditions through field studies and laboratory experiments and 
transfer the results into preventive conservation practice. The Action focuses on the chemical 
impact of pollutants on materials, thus also considering physical and environmental aspects, 
materials technology, chemical analytics, emission and standardization. 
 
Environmental monitoring and evaluation of tolerability of indoor environment in the 
Baroque Library Hall of the National Library 
(J. Smolík, joint project with National Library in Prague and Norwegian Institute for Air 
Research, supported by Norwegian Funds (via Ministry of Finance of CR), project No. A/CZ 
0046/2/0001) 

The main goal of the project is detailed characterization of indoor air pollution in the 
Baroque Library Hall of the National Library Hall in Prague. The research is focused both on 
gaseous pollutants and particulate matter (PM), including the estimation of outdoor and 
indoor sources contribution. [Refs. 1, 20, 43, 44, 67, 68, 70, 75, 81-83, 85] 
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Measurements in Baroque Library Hall of the National Library Hall in Prague 
 
Detailed characterization of particulate matter in the indoor environment of the 
National Library in Prague 
(J. Smolík, supported by MEYS, grant No. OC09049) 

The aim of the project is detailed characterization of size-resolved PM in the indoor 
environment of the National Library in Prague, with possible effects on deposited books and 
manuscripts and estimation of contribution of typical activities indoors [Refs. 1, 36, 43, 44, 
70, 75, 81-83, 85]. 
 
New laser induced process for production of novel carbon-based nanomaterials and 
carbon-based nanomaterials with incorporated Si, N, and B heteroatoms 
(J. Pola, supported by ASCR, grant No. IAA400720619) 

MW and GW UV laser-induced photolysis of gaseous benzene, toluene, pyridine and 
acetylene has been demonstrated as a process leading to transient polyacetylenes and 
cumulenes and yielding nanostructured carbon soot whose properties depend on the 
precursor. Simultaneous back-side etching of silica adjacent to laser-induced plasma enables 
to enrich the soot with polyoxocarbosilane. The process was previously shown as capable of 
chemical vapour deposition of composites containing nanodomains of very rare chaoite in 
amorphous C/Si/O/N phase, conversion of silica into nanosized carbon-polyoxocarbosilane 
composites, or deposition of for the first time prepared nanosized silicon oxycarbide. Our 
studies have been continuing in 2009 by exploration of (i) chemical vapour deposition of Co-
C films through concurrent IR laser-induced ablation of metals and adjacent dielectric 
breakdown in gaseous hydrocarbons and (ii) studies on chemical vapour deposition of 
ultrafine Cl-substituted carbonaceous powders by using intense UV laser photolysis of 
dichloroethenes. The former process affords deposition of Co, Co2C and Co3C nanograins 
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embedded in a shell of hexagonal graphite and amorphous sp3-hybridized carbonaceous 
matrix, and the latter process results in deposition of novel nanoscopic Cl-substituted 
hydrogenated carbon that has a potential for structural modification of carbon materials at the 
C-Cl bonds. [Refs. 25-29, 33, 45, 46, 54, 76] 
 

 
 
High-resolution transmission electron microscopy (HRTEM) images of the film deposited from 

benzene showing cubic Ga nanograins covered with curved carbon environment 
 
Green chalcogenation of metals by laser-prepared poly(silachalcogenide) 
(J. Pola, supported by GACR, grant No. GA203/09/0931 

IR and UV laser co-photolysis of silane and thiirane has been studied to explore chemical 
vapour deposition and reactivity of poly(silathiane) towards selected metal surfaces. The 
poly-(silathiane) formation in the gas phase and deposition on metal surfaces was found out 
as a feasible process, but sulfidation of metal surfaces by this inorganic polymer reagent 
appears to be restricted to thin polymer-metal interphase and Cu and Bi only. Raman spectral 
studies confirm this conclusion. The experimental study was preceded by literature search and 
compiling the data on laser deposition of nanostructured Se- and Te-based materials. [Ref. 30] 
 

 
 

Scheme of decomposition, agglomerization and reaction/interaction 
between the decomposition products 
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IR Laser gas-phase deposition of metastable binary alloys from volatile Si, Ge and Sn 
precursors  
(J. Pola, supported by ICPF) 

IR laser-induced co-decomposition of binary gaseous mixtures of MH4 and M(CH3)4  
(M = Si, Ge, Sn) has been recognized as a novel process for gas-phase deposition of M 
elements alloys. The process is initiated in dielectric breakdown or by infrared multiple 
photon absorption in IR radiation absorbing gas and it involves extrusion and coalescence of 
M elements and cooling of their nanosized metastable alloys in the gas phase within short 
laser pulses. This one-step process represents a simple approach for synthesis of nanosized 
metastable alloys. [Refs. 13, 14, 24, 32, 37, 40, 57] 
 

 
 
 
 
 
 
 
 
 
 
SEM of deposite obtained by laser-
induced decomposition of Me4Sn and 
simultaneous ablation of Au target  

 
Preparation of Ti/O/Si based photocatalysts by laser induced CVD and sol-gel technique 
(R. Fajgar, supported by GACR, grant No. GA203/09/1117) 

UV laser-induced ablation of titanium and vanadium dioxide targets was used to prepare 
multilayer films of non-stoichiometric Ti/O/V films. The films, deposited on glass substrates 
were studied by means of microscopy, spectroscopy and diffraction techniques. Annealing up 
to 450 oC leads to formation of mixed-oxide layers. The films possess good adhesion to the 
glass substrate and revealed photochromic properties in NIR region. SnO2/TiO2 nanoparticles 
were prepared by laser-induced oxidation of tetramethyltin and titanium tetraisopropoxide. 
The oxidation shows an explosive course and direct formation of SnO2/TiO2 and SnO/TiO2 
nano-particles was observed. The nanoparticles with diameter up to 50 nm were characterized 
and sensoric properties were studied. [Refs. 5, 22, 38, 39] 
 

 
 
Temperature dependence of transmission spectra of the prepared Ti/O/V film in the NIR region 
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Preparation of nanostructured Si/Ge/C deposits 
(V. Dřínek, supported by GACR, grant No. GA203/09/1088) 
       Nanoplatelets made of CuxGey material were prepare using Low Pressure Chemical 
Vapour Deposition (LPCVD) of SnMe4 and Ge2Me6. They were represented in rhombohedral 
and hexagonal forms. Along with nanoplatelets, Ge nanoparticles were observed as well. 
They grew from CuSn seeds. Nanoplates were formed on copper sheets using precursor 
mixture of ethylsilane and hexamethyldigermane. The areas of nanoplates are up to thousands 
square microns and thickness about 50 nm. EDX analysis revealed Cu3Si0.5Ge0.5 composition. 
Along with nanoplates, Cu/Si/Ge nanowires were formed. [Refs. 6, 7] 
 

 
 

SEM picture of Cu3Ge nanoplatelets 
 
 
International co-operations 

Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences, Lodź, 
Poland: UV laser-induced cross-linking of polysiloxanes 

Division of Nuclear Physics, Department of Physics, Lund University, Lund, Sweden 
Faculty of Technology and Metallurgy, University of St. Cyril & Methodius, Skopje, R. 

Macedonia: Novel preparation and photocatalytic study of titania-based catalysts 
Finnish Meteorological Institute, Helsinki, Finland: Studies on homogeneous nucleation using 

diffusion chambers 
Ghent University, Institute for Nuclear Sciences, Ghent, Belgium: OC/EC in urban and 

suburban PM10 aerosol in Prague, Hygroscopic properties of urban and suburban 
carbonaceous aerosols 

Institute of Environmental Engineering, National Chiao Tung University, Hsinchu, Taiwan 
Instituto de Estructura de la Materia, CSIC, Madrid, Spain: Studies on IR laser deposition of 

nanosized metal chalcogenides and polycarbosilathianes 
King Fahd University of Petroleum and Minerals, Dhahran, Saudi Arabia: Laser degradation 

of contaminants in fuel oils 
Laboratory of Atmospheric Chemistry, Paul Scherrer Institut, Switzerland 
National Institute for Lasers, Plasma and Radiation Physics, Bucharest, Romania: Laser-

induced CVD of Fe/polymer nanocomposites 
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National Institute of Advanced Industrial Research and Technology, Tsukuba, Japan: Laser 
control of organic reactions 

Norwegian Institute for Air Research, Kjeller, Norway: Indoor aerosol behaviour 
Philipps-Universität Marburg, Marburg, Germany: Experimental study of homogeneous 

nucleation in supersaturated vapours 
POLYMAT, Institute for Polymer Materials, San Sebastian, Spain 
Southern Illinois University Carbondale, Carbondale, IL, USA: Friction materials based on 

polymer matrix containing metals and their impact on environment 
Technical University of Crete, Chania, Greece: Aerosols in the environment 
Tampere University of Technology, Tampere, Finland: Synthesis and characterization of 

nanosized metal/ceramic particles 
University of Eastern Finland, Kuopio, Finland: Novel aerosol generation processes focused 

on medical treatment and nanotechnology 
University of Helsinki, Division of Atmospheric Sciences, Helsinki, Finland 
University of Crete, Heraklion, Greece: Laser induced chemical vapour deposition of 

polycarbosilathianes 
 
 
Visits abroad 

D. Brus: Finnish Meteorological Institute, Helsinki, Finland (12 months) 
J. Ondráček: Institute of Environmental Engineering, National Chiao Tung University, 

Hsinchu, Taiwan (1 month) 
 
 
Visitors 

J. Blazevska-Gilev, University of St. Cyril & Methodius, Skopje, R. Macedonia 
M.A. Gondal, King Fahd University of Petroleum and Minerals, Dhahran, Saudi Arabia 
T. Hussein, University of Helsinki, Helsinki, Finland 
Nguyen Cuu Khoa, Institute of Chemical Technology, VAST, Ho Chi Minh City, Vietnam 
Nguyen Thanh Danh, Institute of Chemical Technology, VAST, Ho Chi Minh City, Vietnam 
V. Nororos, University of Helsinki, Helsinki, Finland 
M.N. Siddiqui, King Fahd University of Petroleum and Minerals, Dhahran, Saudi Arabia 
Ta Anh Tuan, HCM City Institute of Physics, VAST, Ho Chi Minh City, Vietnam 
 
 
Teaching 

V. Ždímal: Faculty of Mathematics and Physics, CU, postgraduate course: “Aerosol 
Engineering” 

V. Ždímal: ICT, Faculty of Chemical Engineering, postgraduate course “Aerosol 
Engineering” 
 
 
Publications 
 
Original papers 
 
[1] Andělová L., Smolík J., Ondráčková L., Ondráček J., López-Aparicio S., Grontoft T., Stankiewicz J.: 

Characterization of Airborne Particles in the Baroque Hall of the National Library in Prague. (Eng) e-
Preservation Sci. 7, 141-146 (2010). 
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