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PREFACE 
 

 

Dear Participant, 

 

it is our pleasure to welcome you to the 11
th
 Conference on Solid State 

Chemistry ï SSC 2014 to be held in Trenļianske Teplice. SSC 2014 belongs to 

the conference series on Solid State Chemistry held biannually in the Czech and 

Slovak republics. As Bratislava has already entertained this conference three times, 

we hope that recent introduction of another place in Slovakia will bring new 

emotions.  

The name of the conference, ñSolid State Chemistryò, refers to an extremely 

wide topic. Consequently, the contributions are arranged into six partly overlapping 

sessions: 

 

¶ Chemical and physical aspects 

¶ Electric and magnetic aspects 

¶ Applications of inorganic and organometallic materials 

¶ Spectroscopic, diffraction and structural aspects 

¶ Thermochemical, thermodynamic and kinetic aspects 

¶ Computation and theoretical aspects 

Our ambition for this conference is to provide the newest knowledge in different 

areas of solid state chemistry. We encourage all young scientists to discuss with 

more experienced colleagues, seeking new information on advanced techniques and 

materials or innovative applications. 

 

Significant increase in the number of conferences organized world-wide is 

registered recently. Therefore we are very pleased that you decided to attend this 

conference. Your selection obliged us to design pleasant and creative scene for 

sharing your scientific ideas, establishing new professional co-operations or forming 

new friendships. Our special thanks go to all authors without whose contributions 

organising of this Conference would have been impossible. 

 

As the conference program provides you a possibility for mental and intellectual 

exercise, the Spa provides you also a possibility for exclusive care of your body. We 

believe that this combination makes Trenļianske Teplice an excellent place for 

conferences of the highest international range. 

 

We truly appreciate the support obtained from IUPAC, from the International 

Visegrad Fund, and from all our sponsors. 

 

We believe that all of you will really enjoy your stay in Trenļianske Teplice. 

 

Miroslav Boļa 

and 

Organizing Committee 

 



 

PUBLICATION OF CONTRIBUTIONS 
 

 

ñPAC - SSC 2014 publication projectò 

 

The authors of Invited Lectures and Key-note lectures have been asked to 

submit the manuscripts to Pure & Applied Chemistry (PAC), the official journal 

of the International Union of Pure & Applied Chemistry (IUPAC). ñPAC publishes 

collections of papers based upon authoritative lectures presented at IUPAC 

sponsored events, most usually those of plenary or main lecturers. Conference 

papers are typically short critical overviews of specialized topics, and authors have 

considerable latitude in emphasizing review content or disclosing hitherto 

unpublished findings, and may even incorporate an experimental section to 

exemplify and underpin new findings.ò  

 

PAC aspires to offer readers distinctive and timely insights into new science that 

complement rather than compete with or replicate those published in the primary 

research literature. The official Invitation of the Scientific Editor of PAC has 

resulted from the IUPAC sponsorship of SCC 2014 conference. The manuscripts 

should reach the Editorial Board of PAC by July 31
st
, 2014. After the referee 

procedure the papers will be published in the Special issue of PAC this year or early 

next year.  

 

The PAC - SSC 2014 publication project has resulted from both the scientific and 

research background of Invited and Key-note speakers to SSC 2014 and the 

feedback of ñPAC - SSC 2008 publication projectò, cf. in 

http://www.iupac.org/publications/pac/81/8/. We are sure that jointly we will 

manage to compose the special issue of Pure & Applied Chemistry as the 

representative profile of SSC 2014 and highlighting the challenging fields of Solid 

State & Materials Chemistry in the official journal of IUPAC. 

 

 

 

Miroslav Boļa 

Chairman of the Organizing Committee of SSC 2014 

 

Milan Dr§bik 

Conference Editor (PAC-SSC 2014 publication project) 

 

and 

 

Hugh D. Burrows 

IUPAC Scientific Editor, Conference and Special Topic Papers (PAC) 
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Despite being one of the mostly studied biomaterials for orthopeadic, dental, 

protein purification and stem cell applications, electrical properties of calcium 

hydroxyapatite (HA), Ca5(PO4)6(OH)2 has received only a limited attention. Since 

the prediction in 2005 of the possibility of piezo and pyroelectricity in 

hydroxyapatite [1] several theoretical [2-3] and experimental works [4-7] in this 

field may lead to new understandings of electrical behaviors of calcified tissues in 

vertebrates. Also, the ability of creating discrete electrostatic domains on 

nanocrystalline films of hydroxyapatite [8-10] will now open the possibility of 

understanding how surface charge influences biological interactions. The outlook for 

future endeavours in this field will be discussed. 
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The molecular spin crossover phenomenon, involving thermo-, photo-, magneto- 

and piezo-chromic properties of a class of transition metal complexes (3d
4
-3d

7
), is 

one of growing importance in the area of functional materials, and have considerable 

prospects for technological applications in sensor, display or memory devices and as 

molecular switches [1]. Most of the appealing properties of these materials cannot 

be readily exploited in bulk materials, but only if thin films or other nano-objects of 

the compounds are prepared. We have therefore developed a variety of top-down 

and bottom-up methods for the elaboration of spin crossover nano-materials. In this 

communication, we report on the synthesis, nano-scale organization, properties and 

applications in the field of micro-thermometry, gas sensors and molecular actuators 

[2,3].  

 

  

 

 

 

 

 

 

 

Cantilever design and actuation in response to negative thermal expension (NTE) 

and spin crossover (SCO). a) Illustration of the composite structure of the cantilever. 

b-d) Illustration of the effect of NTE and SCO on the cantilever b) ï high 

temperature high spin, c) ï low temperature high spin and d) ï low temperature low 

spin). e) Optical microscope image of the cantilever at 343 K. Scale bar represents 

500 ɛm. f) Comparison of the cantilever at 343 and 93 K highlighting the deflection 

caused by NTE. g) Comparison of the cantilever at 93 and 78 K highlighting the 

SCO-induced actuation. h) Tip position as a function of temperature for the 

cantilever between 343 and 78 K. Circles represent cooling, triangles warming. 

Open and closed symbols show first and second cycles respectively. The huge, 

reproducible change around 90 K (with hysteresis) occurs due to the SCO. 
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Finding novel materials with improved performance in energy-related 

applications is one of the key societal responsibilities in the field of materials 

science. Within the present talk, two types of ceramic nanocomposites [1] will be 

highlighted and discussed. Firstly, structural ceramic nanocomposites with excellent 

performance at high and ultrahigh temperatures will be introduced [2] and presented 

as high potential materials for energy conversion applications such as thermal 

protection systems in combustion engines. Secondly, functional ceramic 

nanocomposites with tailored phase compositions for energy storage applications 

such as anode materials in Li ion batteries will be considered [3]. Aspects related to 

the single-source-precursor synthesis of the mentioned ceramic nanocomposite 

materials, their structural and functional properties as well as specific 

microstructure-properties relationships will be addressed [4]. Special emphasis will 

be set on the knowledge-based control of the phase composition and microstructure 

of the presented ceramic nanocomposites [5], which allows for providing materials 

with improved property profiles. 
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Iron and titanium are, at ~5.6 and 0.57 %, respectively [1], the fourth and ninth 

most common elements by mass in the earthôs crust, where they are also the most 

common transition elements. In its compounds, titanium can be di-, tri- and 

tetravalent. In minerals titanium is generally tetravalent, whereas iron can be di- 

and/or trivalent. One consequence of this is that Ti
4+

 imparts no magnetic moment to 

minerals, whereas minerals containing Fe
3+

 and high-spin Fe
2+

, which have finite 

magnetic moments, are paramagnetic or may even be magnetically ordered. 

While the mineralogy of geological samples can be readily determined by X-ray 

diffraction, 
57
Fe Mºssbauer spectroscopy is an effective technique to ñfingerprintò 

iron-bearing minerals by disclosing the oxidation state and coordination of iron [2], 

see Fig. 1. In the favourable case of magnetically ordered minerals, Mºssbauer 

spectroscopy even allows an 

unequivocal identification of 

the actual mineral species. 

Raman spectroscopy, in 

contrast, is especially 

responsive to titanium and 

can therefore serve to 

ñfingerprintò titanium-

bearing minerals (e.g. 

anatase [3]) in samples of 

complex mineralogy. 

 

Fig. 1. Mºssbauer 

parameters as a function of 

iron coordination and 

oxidation states (from Murad & Cashion, 2004). 
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Kinetic phenomena in the solid-state make out various potential applications and 

control the physico-chemical properties and morphological characteristics of the 

product solids. Ideally, the overall rate, (da/dt), of the solid-state reactions is 

described by the fundamental kinetic equation [1]. 

()()( ),.....,,
d

d
zyxafTk

t
a

a
=

     (1) 

where k(T) and f(a) are the functions for describing the temperature and 

conversion dependence of the overall rate, respectively. The function a(x,y,z,é) 

accommodates any other possible functional dependence of the overall rate that are 

characteristic for each type of the solid-state process. This simple kinetic expression 

for the single step reaction has widely been used in a range of the related field. 

Actually, the overall reaction can be satisfactorily described by eq. (1) in some cases 

of the solid-state reactions [2,3]. 

In the light of the heterogeneous characteristics of the solid-state reactions, 

however, various physico-chemical and physico-geometrical events are taking part 

in the overall reaction as consecutive and concurrent processes [4]. In many cases, 

interactions of those physico-chemical and physico-geometrical processes make the 

overall reaction so complex. Challenges to the kinetic description for such complex 

solid-state reactions are necessary for further detailed understanding of the solid-

state reactions. 

In this talk, we review our recent challenges to the kinetic analysis for the 

complex solid-state reactions as exemplified by the thermal decomposition of solids 

[5-9] and discuss the expected future of the kinetic approach to the solid-state 

reactions by thermal analysis.  
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The exploration of materials suitable for hydrogen storage continues. Research 

efforts are driven by the prospect of a ñhydrogen economyò that would allow us to 

gradually shift away from fossil fuel and replace it with hydrogen as energy carrier. 

Numerous challenging obstacles remain to be overcome before this goal could be 

reached; finding a system which can meet certain stringent requirements for 

hydrogen storage is one of these challenges. In this quest for the ideal hydrogen 

storage material, first-principles computational tools are heavily utilized to 

complement experimental studies, characterizing the electronic structure of 

promising systems or even predicting properties of new materials.  

The purpose of this talk is to provide an overview of the most recent theoretical 

studies undertaken by us in the field of hydrogen storage materials research. On 

selected examples, the application of our computational tool of choice, density 

functional theory, will be illustrated to show how ab initio calculations can be of use 

in the effort to reach a better understanding of hydrogen storage materials and to 

occasionally also guide the search for new promising approaches. Systems to be 

discussed include: complex light-metal hydrides, with ñclassicsò such as NaAlH4 

and MgH2, and high-surface porous materials, such as metal organic framework-5 

[1]. Finally, catalysts play an important role in many hydrogen desorption processes. 

We found (through a combination of experiment and theory) that carbon 

nanostructures, in particular nanotubes and fullerenes, can be used as catalyzing 

agents for hydrogen uptake and release in complex metal hydrides (such as sodium 

alanate, NaAlH4) and provide a model which could explain the mechanism of the 

catalytic effect [2]. 

 

 
[1] A. Blomqvist , C.M. Araujo , P. Srepusharawoot,  R. Ahuja, PNAS (the Proceedings of the National 

Academy of Sciences,USA), 104, 20173  (2007) 

[2] P. A. Berseth, A. Harter, R. Zidan, A. Blomqvist, C. M. Ara¼jo, R. H. Scheicher, R. Ahuja, P. Jena, 

Nano Letters, 9, 1501 (2009) 
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Supercapacitors (also known as ultracapacitors) enable electrical energy storage 

at high power density, in contrast with batteries which offer energy storage at high 

energy density (and with lower power capability). Relative to all-carbon electrodes 

offering only double layer capacitance, transition metal oxide electrodes offer 

increased capacitance due to incorporation of cations during charging (a 

pseudocapacative contribution).   

Use of oxides in electrodes is compatible with electrolytes in water-containing 

solvent mixtures. Careful choice of electrolyte and solvent mixture enables 

operation over an extended temperature range (down to low temperatures) and an 

extended operating voltage window (e.g. 1.8 V is possible due to overpotentials for 

gas evolution). Such systems are potentially competitive with expensive non-

aqueous supercapacitors for energy storage. 

In our work we have optimized use of nanostructured ñMnO2ò morphologies and 

texture (especially of birnessite), and have also shown that nanostructured MoOx can 

function well in supercapacitors (in contrast to studies by others of MoO3).   Further, 

we have investigated the use of a mixed solvent system for the electrolyte over a 

wide temperature range, form -30 to +50
o
C. 

 

 

 

 

 

 

 

 

 

 

 

 

Nanostructured MoOx
 
produced via hydrothermal synthesis 
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Functional ceramic coatings are required for innovations in communication, 

electronics, energy technology and catalysis. The enormous potential of these 

ceramic coatings is based on their manifold functionalities. Advanced 

electroceramics constitute an emerging technology with a very broad base of current 

and potential applications. Especially in the form of nanostructures, these material 

properties can be tailored towards the needs of applications.  

This research proposes alternative processing methods for ceramic nanoparticles 

based on microwave heating from aqueous solutions or on hot injection methods. 

Afterwards, deposition of nanoparticles containing inks using ink-jet printing at 

ambient pressure is performed. With that, we aim at developing smart and 

environmentally friendly processes that require lower energy input. Where ink-jet 

printing has been used for many years in depositing text or patterns on textile or 

paper, it is only recently that there has been a growing interest in using the 

deposition technique for functional ceramic coatings and patterns. The biggest 

advantage of ink-jet printing as a one-step process is its low investment cost, 

scalability, the more efficient use of materials and the high control of the thickness 

of the coating. 

Moreover, ink-jet printing has the potential to switch quite easily from 

continuous coatings to direct printing of a multi-filamentary pattern in a one-step 

process. Hereby, lithography, wet chemical etching, ion beam etching, laser 

ablation, having a variety of disadvantages such as high cost, local degradation of 

the film or tape fragmentation, are avoided.  

The fluid properties of the ink, often expressed with dimensionless constants, like 

the Reynolds and Weber numbers, for printable liquids are discussed. The research 

describes: 

(1) The formulation of environmentally-friendly precursor inks, suited for ink-jet 

printing, for superconducting materials, YSZ electrolyte layers for SOFCôs, 

transparent TiO2 photocatalytic coatings, LSMO/nanoparticle based inks for use in 

non-volatile memories, magnetoresistive sensors and patterned magnetic paths in 

electronic boards 

(2) Installation and promising testing of printing equipment (static and reel-to-

reel)  

(3) Ink jet printing of functional ceramic layers of YBCO, TiO2, YSZ and LSMO 

and implementation in applications 
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Complex Bi-oxides with pyrochlore structure are intensively investigated at the 

moment due to their unique combination of properties. They exhibit dielectric and 

photocatalitic properties. Bi-pyrochlores are interesting for low-temperature cofired 

ceramics technology and for investigation of the novel, exotic, magnetic ground 

states [1-4]. This work aims to study Bi2O3-NiO-Sb2O5 phase equilibrium, refine the 

existence of the pyrochlore homogeneity range and examine the properties of the 

new complex Bi-oxides.  

Based on the XRD analysis the phase equilibria of Bi2O3-NiO-Sb2O5 system in 

the subsolidus region were studied. We found that the pyrochlore structure 

compound (P) with a cubic Fd 3̀m lattice exists in an extended solid solution region 

except the çidealè formula Bi2Ni2/3Sb4/3O7 composition which resides out of 

homogeneity range. Without including possible vacancies in the anionic and cationic 

sublattices the solid solution formula can be written as (Bi2-xNix)Ni2/3-ySb4/3+yO7Ñd, x 

= 0.1·0.35, y = 0·0.1. Rietveld refinement was carried out for the Bi1.9Ni0.73Sb1.37O7 

composition (a = 10.4713(2) ¡). We discovered a new Bi9Ni2Sb7O33 phase (A) in 

this system. It was showed that this compound is of the KSbO3-type structure (cubic, 

Pǹ3 symmetry) with lattice parameter a = 9.5538(1) ¡. The absorption spectra 

study confirmed the presence of Ni
2+ 
in both compounds. The isothermal section 

may be represented by 8 triangles of the coexisting phases: Bi2O3-NiO-Bi3SbO7, 

Bi3SbO7-NiO-P, P-NiO-NiSb2O6, Bi3SbO7-P-A, A-P-NiSb2O6, Bi3SbO7-A-BiSbO4, 

BiSbO4-A-NiSb2O6 and BiSbO4-NiSb2O6-Sb2O4. It is worth mentioning that 5+ 

oxidation degree of antimony is established for all binary and ternary compounds 

presented in the phase diagram except the Sb2O5-rich region where BiSbO4 ʠ 

NiSb2O6 phases are in the thermodynamic equilibrium with the Sb2O4 mixed oxide. 

The magnetic measurement showed that Bi-Ni-Sb-O pyrochlores appeared to be 

paramagnetic in the temperature range 2 - 300K. The magnetic moment, ɛeff = 

3.22ɛB, is about 10% larger relative to the spin-only value for Ni
2+

 (3d
8
, high spin S 

= 1, 2.83ɛB) that is characteristic for octahedral coordination environment of the 

Ni
2+

. 
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Organic photochromic compounds are prospective for the development of 

systems of optical information recording, and optical switchers etc. Of special 

interest are compounds retaining photochemical activity in the crystal state. The 

principal advantage of crystal photochroms in comparison with those dissolved in 

liquids or in polymers is higher fatigue resistance. Typical organic photochroms, 

like spirooxazines, demonstrate only scarce examples of the crystal-state 

photochromism [1]. Only a few classes of organic photochroms (diarylethenes, 

fulgides, arylhydrazides) retain high quantum yields of transformations in the crystal 

state. 

This is a challenge to create a crystal photochromic material combining 

advantages of liquid state (high quantum yield) and crystal state (high fatigue 

resistance). The approach developing in this work is to use metal-organic frames 

(MOF) for producing supramolecular compounds with the organic photochroms. 

The MOF [Zn4(dmf)(ur)2(ndc)4] (ndc
2-
 is 2,6-naphtalenedicarboxylate, ur is 

urotropin, and dmf is N,N`-dimethylformamide) [2] with the size of channels 

10.5Ĭ10.5 ¡ was used for the synthesis of supramolecular photochromic adducts. 

The adducts of MOF with trans-stilbene (Adduct-1) and diarylcyclopentenon 

DMTC (2,3-bis-(2,5-dimethylthiophen-3-yl-cyclopent-2-en-1-one) (Adduct-2) were 

synthesized and their photochemistry was studied. The quantum yield of trans-cis 

photoisomerization of stilbene in Adduct-1 (0.2) was found to be an order of 

magnitude higher than for crystalline trans-stilbene and comparable with that in 

organic solvents [3]. Adduct-2 also demonstrated photochromic properties 

comparable with that of DMTC in solutions. 

The results show that the incorporation of an organic photochromic compound 

into a MOF can result in creation of photochromic material with high resistance to 

photodegradation and high quantum yields. 

 
[1] V.F. Plyusnin, V.P. Grivin, V.V. Korolev, A.V. Metelitsa, N.A. Voloshin, V.I. Minkin, Russ. Chem. 
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Mn-doped TiO2 (Mn:TiO2) powders with a wide range of nominal doping levels 

were fabricated using a one-step hydrothermal method followed by 400Ņ 

annealing. Anatase powders with a uniform size distribution around 10nm were 

obtained. According to XRD and TEM/EDS, the maximum achievable solubility of 

Mn in TiO2 lattice was around 30%, beyond which Mn3O4 example appeared as 

additional precipitates. The optical absorption edges for Mn:TiO2 experienced 

effectively  enhanced red-shift with the increasing doping levels. Photocatalysis was 

initiated using visible light sources with known emission spectra and it was found 

that a moderate doping level (1%) for Mn:TiO2 resulted in significantly improved 

photocatalytic activity In order to elaborate the fundamental origin for doping 

induced photocatalysis, XPS was used to demonstrate the valence chemistry of Mn 

species in the doped TiO2 lattices.  Besides, NEXAS with full electron yield (FEY) 

mode was employed for the first time to explore the chemical state of Mn:TiO2 

powders, confirming that NEXAS is also a highly structure-sensitive method for this 

class of materials. By combining spectroscopic (XPS/NEXAS) methods and 

theoretical investigation, the current work shows that the variation of Mn valency 

can be uniquely identified by the relative intensity ratios of the L3 edges of NEXAS 

Mn spectrum, instead of the energy shift of the edges. Mn species exhibited a mixed 

valence states of 3+ and 4+ in TiO2, with their relative contents being key to 

enhanced photocatalysis. 
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Figure 1 Photocatalytic results of different Mn nominal doping levels. 
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Viscosity is basic physical parameter. Its knowledge is necessary for production 

and technology of glassy materials. Also structural relaxation in glass and cold 

crystallization process in undercooled melt are influenced by this important 

property. Nevertheless, determination of viscosity values of chalcogenide materials 

is connected with several complications. Especially measuring of chalcogenide melt 

viscosity is very complicated due to the high chemical aggressiveness and volatility 

of these liquids.  

It is not easy to measure viscosity in the region of melt but it is possible. 

Nevertheless, the viscosities in low region of undercooled melt are even 

immeasurable due to the rapid crystallization of sample. This region is very 

important for description of cold crystallization process [1]. Values of viscosities in 

this low viscosity region of undercooled melt can be determined by appropriate fit of 

experimental data between regions of undercooled melt and melt [2]. Problem in this 

case is the lack of melt viscosity for most chalcogenides. 

We have studied viscosity behavior of different chalcogenide materials in our 

laboratory more than fifteen years [3]. We have used penetration, parallel-plate and 

rotating bob methods for these studies. We also made a broad literature research 

which was focused on these materials and measuring methods of their viscous 

behavior. In this work we summarize our work, describe and discuss possible ways 

how to applied viscosity data and also how to extrapolate viscosity data from 

measurable region of undercooled melt to lower viscosity values.  
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From the viewpoint of micromechanical theory, the effective elastic moduli, in 

particular Youngôs modulus, and thermal conductivity of porous ceramics can be 

treated in a common framework. This contribution recalls the rigorous upper bounds 

(Voigt bounds or upper Wiener bounds and upper Hashin-Shtrikman bounds) as 

well as the most important effective medium approximations (i.e. the power law 

relation and the exponential relation) and the corresponding cross-property relations. 

Experimental results are shown for various oxide and silicate ceramics with a wide 

range of porosities, for which elastic properties have been measured via impulse 

excitation and thermal conductivity via the laser flash technique [1-5].  

It is shown that both Youngôs modulus and thermal conductivity of porous 

ceramics with convex isometric pores tend to obey the exponential prediction for 

porosities below 60 %, while for porosities above 70 %, i.e. for highly porous 

cellular ceramics, the power law prediction is usually the most realistic prediction. 

Since pore size and connectivity effects are of secondary importance, this finding is 

attributed to the existence of saddle surfaces with vanishing mean curvature. It is 

also shown that partially sintered ceramics tend to exhibit effective property values 

below the exponential prediction, obviously due to their concave pore shape, and 

that this dependence can be reasonably predicted by a linear relation when the bulk 

density in the green state is known. Finally it is shown how spheroidal pore shape 

models [6] can be used both for elastic moduli and for thermal conductivity to 

describe deviations from the behavior expected for isometric pores, and that these 

models include as a special case even the case of microcracks, considered to be 

extremely oblate pores.    
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During the last time, titanium alkoxides are widely and intensively studied due to 

their scientific and technological importance. Reactivity of titanium alkoxides 

towards water can be overcome by the incorporation of hydroxylated nuclephilic 

ligands, such as carboxylic acids, to produce new molecular precursors or new type 

of materials (e.g. hybrid materials). The study of reaction pathway between organic 

and inorganic species is especially important to build up three-dimensional 

crystalline frameworks or monocrystalline layers, whose skeleton contain both 

functional organic and inorganic (titanium-oxide cores) fragments linked by 

chemical bonds. Titanium and titanium-oxo clusters are very promising moieties for 

the synthesis of new multinuclear metal-oxo based structures due to their low toxity, 

antimicrobial activity, semiconductor, optical, and photocatalitic properies. 

In our works we have focused on poorly known problems, associated with 

structural conversion of multinuclear oxo-titanium(IV) complexes, and their 

application as sources of materials, which reveal specific physicochemical and 

biological properties. 
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Modification of titania photocatalysts by anions and cations have been shown to be an 

effective tool for improving its photocatalytic and photodisinficient properties. The presence 

of surface sulphate groups stabilizes the anatase structure and increases its specific surface. 

Doping with lanthanides, for example with Eu
3+

, leads to porous anatase containing of 

nanocrystals with improved faceting. Biofilms are very complex microbial communities that 

acquired the properties of multi-cellular organisms. Microbial cells embedded in 

extracellular matrix demonstrate extremely high resistance to antimicrobial agents, the 

immune system and perfect adaptation to environmental stress. Biofilm formation is a matter 

of concern in areas such as medical settings, water distribution systems and food industries. 

Biofilm forming organisms are involved in diseases like cystic fibrosis, bacterial 

endocarditis, and otitis media. They are also associated with dental caries, and infections at 

surgical sites and implants. Their interaction with industrial environment causes bio-fouling, 

biocorrosion, and contamination. In this study the investigations of precipitated anatase 

(TiO2), anatase modified with surface sulphate groups (TiO2-S), Europium doped anatase 

(TiO2-Eu), Europium doped and sulphated anatase (TiO2-Eu-S) nanopowders are reported. 

While the unmodified TiO2 has relatively small pore-size diameter, volume and surface area, 

Eu
3+

 doping and sulphate treatment significantly increase the specific surface and pore 

volume. The main pore diameter is also increased. The anatase nanocrystals which were 

sulphated and/or doped with Eu form a mesoporous structure with pores in the range 11 ï 15 

nm. The nanocrystals with a size in the range 33 ï 48 nm are associated to highly porous 0.2 

to 2 Õm aggregates. HRTEM indicates high crystallinity of TiO2 crystallites. The obtained 

results show that sulphation and Eu doping significantly increase the photocatalytic activity 

of phenol photomineralization and also the photocatalytic alcohol reforming and hydrogen 

production. Three main factors, which were influenced by doping, i.e. the specific surface, 

the extent of electron-hole separation and crystallinity, affected both the phenol 

photomineralization and the hydrogen production rate. The best photocatalytic performance 

in the above processes was observed in the case of the TiO2-Eu-S powder which shows 

distinctly developed crystalline structure with most evident faceting. The anti-biofilm 

efficacy of prepared powders was investigated in photocatalytic inactivation of 

Staphylococcus aureus (MRSA), Enterococcus faecalis and Escherichia coli biofilms that 

were grown on glass and polyvinyl chloride (PVC) surfaces. Three techniques ï colorimetric 

TTC assay, LIVE/DEAD BacLight assay and direct enumeration of bacteria were used. The 

24-hour biofilms showed different susceptibility to the photocatalysis depending on the 

applied test system. Analysis of biofilms grown on glass surfaces indicated the highest 

sensitivity of Enterococcus faecalis to all tested powders. Quantitative study of bacteria 

coated on PVC catheters revealed that the TiO2-S sample with the highest specific surface 

and greatest size of pores is the most effective in photocatalytic inactivation of biofilm forms 

of three tested strains. The authors appreciate the support granted by the Scientific Grant 

Agency of the Slovak Republic (Project VEGA 1/0605/12). 
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The controlled formation of monolayers can be achieved 

using several methods including sublimation techniques. 

For this purpose it is necessary to use neutral Fe(II) spin 

transition (ST) compounds instead of the ionic Fe(II) salts. 

These neutral ST compounds have an increased vapour 

pressure and are therefore better sublimable. The lack of 

counter anions might lead to a ˊ-ˊ stacking of the aromatic 

rings of the ligands in the crystal lattice [1]. The investigation and rational 

modification of novel ligands are promising tools which allow a fine-tuning of the 

ST above room temperature. The aim of this research project is to synthesize and 

study potentially sublimable hexacoordinate iron(II) compounds and the use of the 

bistable behaviour of ST complexes in single molecule spintronic devices. The 

change of the electronic configuration between the low-spin (LS; S = 0) and high-

spin state (HS; S = 2) of Fe(II) complexes, is accompanied by interesting changes in 

the magnetic properties [2,3].
 
The neutral ST complexes of the type [Fe(L-1H)2]

0
 

should be sublimable using ultra-high-vacuum (UHV) methods. This will allow 

investigating these compounds as monolayers/sub-monolayers on surfaces at the 

single molecule level.  

For this study we synthesized and characterized sets of mononuclear Fe(II) 

compounds made up from ligands such a mono-substituted 2,6-bis(2-

benzimidazolyl)pyridines, 2-(1H-pyrazol-1-yl)-6-(1H-tetrazol-5-yl)pyridine and 2-

(6-pyrazol-1-yl-pyridin-2-yl)-1H-benzoimidazole. The neutral iron(II) complex 

based on pyrazolyl-tetrazolyl-pyridine ligand exhibits abrupt spin transition at room 

temperature (T1/2 = 295 K) with a hysteresis of 4 K [4]. In addition, this complex has 

characterized using by X-ray absorption spectroscopy (XAS). 
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Spinel Li4Ti5O12 (LTO) is one of the promising electrode materials for the 

lithium ion battery anodic and capacitors [1]. However, preparative technology of 

phase pure LTO fabrication is by far dissatisfactory. One of the typical problems is 

large particle size due to high calcination temperature needed [2]. We here try to 

prepare phase pure LTO nanoparticles via an affordable solid-state route. Maximum 

efforts were paid to start from homogeneous precursors to increase nucleation sites 

and decrease diffusion path of Li. 

Homogenization of the solid reactants was accomplished by wet milling a 

stoichiometric mixture comprising titania nanoparticles and an ethanol solution of 

lithium acetate (LiAc). By varying milling time of the starting reaction mixture, 

temperature, duration and atmosphere of calcination, we succeeded in obtain phase 

pure LTO by calcining the 2 h-milled precursor at 600 ÜC for 4h in Ar. According to 

SchererËs formula, the crystalline size of the product LTO was 84 nm. The 

mechanisms involved in the present processes are elucidated from two different but 

correlated solid state reactions, i.e. i) during the preparation of the precursor at the 

boundary between TiO2 and LiAc, and ii) during the subsequent heating, where 

decomposition of LiAc and simultaneous nuclei-growth of LTO.  

Persistence of the intermediate, Li2TiO3, has been avoided by intimate 

homogenization by co-milling the starting mixture. Calcination in an inert 

atmosphere seems to enhance the reaction, presumably due to the increase in the 

oxygen vacancies in TiO2, into which Li
+
 ions are diffusing in. Coexistence of TiO2 

was found to be caused by two different components. One is due to incomplete 

reaction, and the other, to the decomposition of once formed LTO. It turned out that 

the success of obtaining LTO with its particle size as small as possible depends on 

the balancing between the reaction completion and avoidance of LTO 

decomposition. We therefore still need the key factors to optimize those conditions.  
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The layered rare-earth cobaltites LnBaCo2O6-ŭ (Ln ï rare earth element) are of 

great interest since they show charge order, metal-insulator and many other 

magnetic transitions depending on the nature of lanthanide and the oxygen content ŭ 

[1]. Both the substitution of cobalt by another 3d ï element like iron [2] and the 

introduction of oxygen vacancies [3] lead to a dramatic 

change of LnBaCo2O6-ŭ properties. In this respect it is 

interesting to investigate influence of vacancies in the 

cobalt sublattice on the properties of double perovskite.  

The single crystal EuBaCo1.9O6-ŭ was grown by zone 

melting from polycrystalline rod having the same 

composition. Elemental analysis of the as-grown crystal 

and initial powder is made by SEM Inspect F (FEI) with 

energy dispersive spectrometer EDAX. 

Electrical conductivity and Seebeck coefficient were 

measured along the (001) direction of the as-grown 

crystal of EuBaCo1.9O6-ŭ. 

Differential scanning calorimetry (Fig.1) showed two heat effects corresponding 

most likely to metal-insulator transition at temperature around 90
0
C and 

orthorhombic (Pmmm) to tetragonal (P4/mmm) structural transition at T ~ 480
0
C. 

Similar results were previously reported for GdBaCo2O6-ŭ [4]. 

As seen in Fig.1 the second heat effect in EuBaCo1.9O6-ŭ on the contrary to what 

is usually observed for double perovskites LnBaCo2O6-ŭ [4] has complex shape. This 

observation can indicate more complex behavior of cobalt-deficient double 

perovskites during Pmmm-P4/mmm transition in comparison with stoichiometric. 

The results of x-ray diffraction experiments ñin situò will be presented to clarify this 

complex behavior. 
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Fig. 1. Fragment of 

calorimetric 

measurements of the 

initial polycrystalline 

EuBaCo1.9O6-ŭ. 
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In order to get detailed information about the interaction of iron with amino acids 

and neurotransmitters, the electrochemical behavior of a Fe(II)/Fe(III) redox couple 

in the presence of various amino acids and neurotransmitters such as monoaminergic 

neurotransmitters like dopamine, adrenaline and nor-adrenaline, has been studied. 

Ammonium iron(II) sulphate served as a source of iron. Solubility issues required 

that studies being conducted at low pH values.  

Cyclic voltammetry experiments revealed the capability of amino acids and 

neurotransmitters to interact with free iron and, hence, change its electrochemical 

behavior. 

In addition to confirm complexation reactions occurring between Fe(II) and 

amino acids and neurotransmitters potentiometric studies have been carried out. 

Calvin-Bjerrum pH-titration technique as used by Irving and Rossotti has been 

applied to determine stability constants at 25 ÁC. 

  
Fig. 1 Cyclic voltammogram of 5 mM ammonium iron(II) sulphate in the 

presence of 5 mM amino acids in 0.5 M KNO3 supporting electrolyte at pH 2.0; ɜ = 

0.05 V s
ī1

. 
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Zeolite NaY-template removal using HF and HCl as solvent in the synthesis of 

zeolite NaY-templated carbon (ZTC) has been studied. ZTC was charactherized 

using X-ray Diffraction (XRD), infrared spectroscopy (FT-IR), Elemental Analyzer, 

Scanning Electrone Microscopy (SEM-EDX), and N2 adsorption-desorption 

isotherms. The results show that the characteristics of ZTC strongly influenced by 

the conditions of template removal especially the concentration of HF. The greater 

the concentration of HF, the better the characteristics of ZTC. ZTC washed with HF 

48% has the highest BET surface area (SBET), total pore volume (Vt), and 

micropore volume (Vm) respectively 1189 m2/g, 1.09 cm3/g, and 0.86 cm3/g. ZTC 

with better surface and pore characteristics, obtained by immersion in HF at the 

shorter time (1 hour) and reflux with HCl at the longer time (3 hours). 

 

  
(a) (b) 

 

 

(c)  

 

Fig.1. SEM micrograph  of (a) zeolite NaY, (b) ZTC_HF 5% 1h_HCl 37% 1h 

and (c) ZTC_HF 10% 24hrs_HCl 37% 3hrs  
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In 1998, a hysteresis loop was observed for a mononuclear iron(II) compound by 

varying the temperature under permanent constant-intensity light irradiation. This 

phenomenon was introduced as light-induced thermal hysteresis (LITH). 
[1]

 One year 

later, we were able to light-perturb a thermal hysteresis (LIPTH) by a shift of a 

thermal hysteresis with green light towards lower and red light towards higher 

temperatures. 
[2]

 In 2007 we found a hard X-ray induced excited spin state trapping 

(HAXIESST) in analogy to the LIESST effect after green light irradiation 
[3-4]

. In 

analogy to the light-induced bistability of the LITH similar molecular effects 

provoked by hard-X-ray irradiation have not been reported so far. In this 

contribution, we introduce this remarkable dynamic phenomenon in the molecular 

iron(II) spin crossover compound [Fe
II
(phen)2(NCS)2] (phen=1,10phenanthroline) ï 

a hard-X-ray-induced thermal hysteresis (HAXITH).  

 

 
 

 
[1] (a) J. F. Letard, P. Guionneau, L. Rabardel, J. A. K. Howard, A. E. Goeta, D.  Chasseau, O. 

Kahn Inorg. Chem. 1998, 37, p. 4432. (b) A. Desaix, O. Roubeau, J. Jeftic, J.G. Haasnoot, K. 

Boukheddaden, E.  Codjovi, J. Linares, M. Nogues, F. Varret, Eur. Phys. J. B 1998, 6, p. 183  

[2] F. Renz, H. Spiering, H. A. Goodwin, P. G¿tlich, Hyperfine Interactions,  2000, 126, p. 155   

[3] G. Vank·, F. Renz, G. Molnar, Angew. Chem. Int. Ed. 2007, 46, p. 5306.  

[4] G. Vank·, T. Neisius, G. Moln§r, F. Renz, S. K§rp§ti, A. Shukla, F. M. F.  de Groot, J. Phys. 

Chem. B 2006, p. 11647.  



II.  Electric and magnetic aspects ï KEYNOTE LECTURE 

 

38 

VIBRONIC PROBLEMS IN  NANOSIZED MIXED - VALENCE 

CLUSTERS: A SYMMETRY  ASSISTED APPROACH 

B. Tsukerblat
1*

, A. Palii,
2
 J.M. Clemente-Juan,

3  
E. Coronado

3
 

1
 Department of Chemistry, Ben-Gurion University of the Negev, Beer-Sheva 84105, 

Israel  
2
 Institute of Applied Physics, Academy of Sciences of Moldova, Academy str. 5, 

2028 Kishinev, Moldova 
3 
Instituto de Ciencia Molecular, Universidad de Valencia, Pol²gono de la Coma, s/n 

46980 Paterna, Spain 
*
 The corresponding authorôs e-mail: tusker@bgu.ac.il 

 

Keywords: mixed valency, vibronic interaction, symmetry, intervalence absorption, 

polyoxometalates  

 

Here we present the electronic and vibronic problems of mixed valency (MV) in 

molecular clusters which are of current interest in areas as diverse as solid-state 

chemistry, biochemistry, molecular magnetism. We focus on the nanosized clusters 

at the border between classical and quantum scales and present a general approach  

to the evaluation of the energy spectrum of MV systems containing arbitrary number 

of the localized spins and itinerant electrons. Then we discuss the vibronic models 

and present a symmetry assisted  approach [1,2] aimed to the solution of the 

dynamic vibronic problem in large scale MV systems. 

 

  
Figure. Tetra-ruthenium systems and the double 

reduced  
Keggin anion 

 

The developed techniques are applied to the analysis of nanosized  MV systems. 

In particular,  we discuss the intriguing magnetic properties of the 2e-reduced MV 

dodecanuclear Keggin anion in which the electronic pair is delocalized over twelve 

sites (Td) as shown in Figure. We consider also  mixed-valence tetra-ruthenium 

(2Ru(II)+ 2Ru(III)) systems [3] (assembled as two coupled Creutz-Taube 

complexes, Figure) for which possible molecular implementation of quantum-dot 

cellular automata was recently proposed. 
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Magnetic molecules have recently attracted interest in view of their potential to 

realize nanometre-sized (single-)molecular spintronic devices by a combination of 

bottom-up self-assembly and top-down lithography techniques. Uniquely, such 

electronic devices based on a single molecule are supposed to show quantum 

properties, which can be read out and manipulated by electrical means. We report 

herein on the controlled generation of magnetic molecular nanostructures on 

conducting surfaces, partially self-assembled on sp
2
-carbon nano-structures (SW-

CNTs, graphene, etc.), or between nano-gap gold electrodes. The obtained 

supramolecular devices are investigated in view of their I-V-characteristics by 

means of UHV- and solution-based scanning probe, break junction and 

electromigration techniques. [1-7] 
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A series of iron(III) complexes with pentadentate Schiff-base ligands containing 

chlorido, azido and thiocyanato coligands has been synthesized, structurally 

characterized and subjected to magnetometry [1, 2]. 

Two complexes with thiocyanato coligands and one with azido show spin 

transitions. The complex [Fe(1ïanapet)(NCS)] (1) exhibits a gradual spin crossover 

(SCO) centered at Tc = 114 K and it shows a thermochromism (brownïviolet at r.t.; 

darkïgreen at T = 78 K) (Fig. 1 left). The substance [Fe(2ïanapet)(NCS)] (2) shows 

an abrupt spin transition at Tc = 44 K with 4 K hysteresis width. The spin transition 

proceeds from the intermediate spin S = 3/2 to the high spin S = 5/2 states (Fig. 1 

centre), where the intermediate spin is not typical for hexacoordinate iron(III). 

[Fe(5ïBrSalpet)N3]ĿCH3OH (3) underlies a gradual SCO centered at Tc = 142 K 

(Fig. 1 right). All systems are cooperative with higher values of gïfactors of low (or 

intermediate) spin states. Molecular vibrations have a considerable contribution to 

the partition function. Experimental data were fitted with Isingïlike model with 

vibrations (in the case of compound (2) with Gauss distribution). The precursors, 

[Fe(2ïanapet)Cl] (4) and [Fe(5ïBrSalpet)Cl]Ŀ0,5H2O (5), are in the high spin state 

in the whole temperature region. 
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Fig. 1 Magnetic properties of [Fe(1ïanapet)(NCS)] (1) (left), [Fe(2ïanapet)(NCS)] (2) 

(centre) and [Fe(5ïBrSalpet)N3]ĿCH3OH (3) (right). Solid lines - fitted.  
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A number of coordination compounds containing Dy(III) central atoms have 

been synthesized and subjected to magnetochemical analysis using a contemporary 

hardware (SQUID magnetometer/susceptometer MPMS-XL7). Four Dy(III) 

compplexes show a slow magnetic relaxation (based upon the AC susceptibility 

measurements) that is typical for single-molecule magnets [1].  

 

 
Surprisingly, also a simple mononuclear Co(II) complex [CoBr2(PPh3)2] also 

spans the class of single-molecule magnets (single-ion magnets). This compound 

exhibits two relaxation processes [2].  
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