
 

 
 

 

 

 

 

23 ï 25 October 2013  

Joģef Stefan Institute, Ljubljana, Slovenia  

 

 

 

 
 

 

 

 
 

Abstract book  
 

 

 

 

 

 

 

 

 

 



 

2 
 

 

 

  



 

3 
 

SLONANO 2013 

23 ς 25 October 2013 

WƻȌŜŦ {ǘŜŦŀƴ LƴǎǘƛǘǳǘŜ 

Ljubljana, Slovenia 

 

Organized by 

WƻȌŜŦ {ǘŜŦŀƴ LƴǎǘƛǘǳǘŜΣ [ƧǳōƭƧŀƴŀΣ {ƭƻǾŜƴƛŀ  

National Institute of Chemistry, Ljubljana, Slovenia 

CENN Nanocenter, Slovenia 

 

Editors 

5ǊŀƎŀƴ aƛƘŀƛƭƻǾƛŏΣ WƻȌŜŦ {ǘŜŦŀƴ LƴǎǘƛǘǳǘŜΣ /9bb bŀƴƻŎŜƴǘŜǊΣ {ƭƻǾŜƴƛŀ  

Albin Pintar, National Institute of Chemistry, Slovenia 

5Ŝƴƛǎ !ǊőƻƴΣ WΦ {ǘŜŦŀƴ LƴǎǘƛǘǳǘŜΣ CŀŎǳƭƭǘȅ ŦƻǊ aŀǘƘŜƳŀǘƛŎǎ ŀƴŘ tƘȅǎƛŎǎ ¦[Σ {ƭƻǾŜƴƛŀ 

Abdou Hassanien, National Institute of Chemistry, Slovenia 

 

WƻȌŜŦ {ǘŜŦŀƴ LƴǎǘƛǘǳǘŜΣ [ƧǳōƭƧŀƴŀΣ {ƭƻǾŜƴƛŀ 

 

 

 

 

 

http://www.slonano.si 

E-mail: slonano@ijs.si 

 

 

Ljubljana, October 2013 

  



 

4 
 

Sponsors and Exhibitors 

 

 
/ŜƴǘŜǊ ƻŘƭƛőƴƻǎǘƛ ƴŀƴƻȊƴŀƴƻǎǘƛ ƛƴ ƴŀƴƻǘŜƘƴƻƭƻƎƛƧŜ 
Center of Excellence in Nanoscience and Nanotechnology 

 

 

  
 

 
 

  
 

 
 

  
 

  
 

 

 

 

 

 

 

 

 

  



 

5 
 

CONTENT 

 
²ŜƭŎƻƳŜΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ........ 7 

tǊƻƎǊŀƳƳŜΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ........ 8 

!ōǎǘǊŀŎǘǎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ......... 12 

Poster abstracts.ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ...... 63 

Lƛǎǘ ƻŦ tŀǊǘƛŎƛǇŀƴǘǎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ........ 100 

 

 

  



 

6 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

7 
 

Welcome! 
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one-Řŀȅ ƳŜŜǘƛƴƎ ǘƻƻƪ ǇƭŀŎŜ ŀǘ WƻȌŜŦ {tefan Institute. The conference started as 
national meeting but soon became regional and keep gaining on their international 
importance.  
Through all these years, the basic idea of the conference remains the same: to foster 
the rapid exchange of results, ideas and know-how in the field of nanotechnology. In 
particular, young scientists are strongly encouraged to present their work and 
establish contacts with senior researchers. 
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Catalytic processes for halogen recycling: 

past, present, future 

 

Javier P®rez-Ram²rez 

Institute for Chemical and Bioengineering, ETH 

Zurich, Switzerland 

The heterogeneously catalyzed oxidation of HCl to 

Cl2 comprises a sustainable route to valorize HCl-

containing streams in the chemical industry. 

Conceived by Henry Deacon in 1868, this reaction 

has suffered from many sterile attempts to obtain 

sufficiently active and durable catalysts. The 

Deacon process has been rejuvenated in the last 

decade due to the increased demand for chlorine and 

the growing excess of by-product HCl, for example, 

in the manufacture of polyurethanes and 

polycarbonates. Intense research efforts have 

culminated in the recent industrial implementation 

of RuO2-based catalysts for HCl oxidation, and 

other systems based on cheaper metals are ready for 

commercialization. This lecture reviews the new 

generation of technologies for chlorine recycling 

under the umbrella of Catalysis Engineering, 

rationalizing the catalyst and reactor selection in 

relation to the overall process. Bridging 

fundamental understanding of the catalyzed reaction 

at the nanoscale with process scale-up was vital for 

research to flourish into large-scale application. 

Accomplishing this ambitious objective was only 

possible through a strong collaborative relationship 

between academic and industrial scientists. Future 

perspectives in the growing area of halogen 

recycling, including the oxidation of HBr and 

oxyhalogenation reactions will be discussed. 
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Excitons versus Free Charges: a 

Photophysical Picture of Tri- Halide 

Organo-lead Perovskites for Highly Efficient 

Hybrid Solar Cells 
 

Giulia Grancini
1
, Valerio DôInnocenzo

1
, Marcelo 

Alcocer
1
, Samuel D. Stranks

2
, Michael M. 

Lee
2
,Paola Bruno

1
,  Guglielmo Lanzani

1
, Henry J. 

Snaith
2
 and Annamaria Petrozza

1 

1
 Center for Nano Science and Technology 

@Polimi, Istituto Italiano di Tecnologia, via 

Giovanni Pascoli 70/3, 20133, Milan, Italy 

2
University of Oxford, Clarendon Laboratory, Parks 

Road, Oxford, OX1 3PU, United Kingdom 

In excitonic solar cells, where the primary 

photoexcitation is a bound exciton, a hetorojunction 

is needed to provide enough driving force to 

generate free charges. Unfortunately, this results in 

intrinsic energetic losses, which although 

conceivably surmountable have lead to relatively 

slow progress in efficiency over the last decade. 

Noteworthy, in the last year, the scientific 

community involved in the development of 

òemergingò solar cells have realised a succession of 

breakthroughs employing ionic crystalline 

assemblies assuming a perovskite structure. 

Perovskites have been reported replacing the dye in 

dye-sensitize solar cells (DSC) with liquid-

electrolyte based (power conversion efficiency, h = 

6.5%)[1] and solid state cells with spiro-OMeTAD 

and conjugated polymers as the solid-state hole 

conductor (h  over 9 %) [2], or as hole-conductors 

(h  = 8.5%)[3]. These devices have generally shown 

impressive photocurrent generation, while the 

photovoltages achieved still indicated some 

significant losses. One particular device concept, 

where the mesoporous TiO2-perovskite 

heterojunction is removed, eludes this trend: the 

ñmeso-superstructured solar cellò that sees an 

organometal mix-halide perovskite, CH3NH3PbI3-

xClx, employed as light harvesting and electron 

transporting layer and a spiro-OMETAD as hole 

transporter. A mesoporous Al2O3 layer is employed 

as insulating ñscaffoldò upon which the perovskite 

is deposited. The device exhibits exceptionally high 

open-circuit photovoltages of over 1.1 volts, despite 

the relatively narrow absorber band gap, which lead 

to a record h of 10.9% under standard conditions 

[4]. As the operation of these cells is quite different 

to the standard DSC device, a number of questions 

need to be answered. Here we will examine the 

effect of Chlorine doping on the optoelectronic 

properties of the CH3NH3PbI3 compound, with a 

particular focus on the functionalities of the 

principal interfaces in the device. The nature of the 

primary photo-excitation will be unveiled. It will be 

shown that the primary photoexcitation at low 

temperature is excitonic. However, the exciton is 

predominantly ionized at room temperature, leading 

to spontaneous free charge generation establishing 

the non-excitonic solar cell operation [5]. The 

diffusion lengths of the photoexcitation are found  

>1 micrometer in the mixed halide perovskite, an 

order of magnitude greater than the absorption 

depth. By contrast, the triiodide absorber has 

electron-hole diffusion lengths of ~100 nanometers 

[6]. These results justify the high efficiency of 

planar heterojunction perovskite solar cells, and 

identify a critical parameter to optimize for future 

perovskite absorber development. 
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[4] M. M. Lee, J. Teuscher, T. Miyasaka, T. N. 

Murakami, H. J. Snaith, Science, 2012, 338, 643-

647. 
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Catalytic activity of MoS2 nanoparticles in 

the hydrodeoxygenation of liquefied wood 
 

Gleb Veryasov
a
, Miha Grilc

b
, Blaģ Likozar

b
, Janez 

Levec
b,c

, Adolf Jesih 
a,d

  

 
a 
Department of Inorganic Chemistry and 

Technology, Joģef Stefan Institute 
b
 Laboratory of Catalysis and Chemical Reaction 

Engineering, National Institute of Chemistry 

 
c
 Chemical, Biochemical and environmental 

Engineering, Faculty of Chemistry and Chemical 

Technology, University Ljubljana 
d
 CENN Nanocenter, Slovenia 

 

The renewable energy sources, namely solar, wind, 

hydroelectric, biomass and geothermal [1], are of 

primary interest for the worldôs future, since 

reserves of fossil primary energy carriers are 

limited. Biomass in the form of wood is one of the 

oldest forms of energy source used by humans from 

ancient times. Oil crisis in the mid-1970
th
 

contributed to active efforts to convert 

lignocellulosic biomass to liquid fuels [2].  

Catalytic hydrodeoxygenation (HDO) is the step 

allowing co-processing of biomass-derived oils and 

fossil feed in standard refinery units [3]. Much 

research is carried out on oxygen removal on 

conventional supported noble metal [4] or metal 

sulphide catalysts. 

Present work is aimed at the investigation of 

unsupported MoS2 catalysts activity for HDO on a 

real liquefied wood sample. The ñurchin-likeò 

molybdenum disulphide with a single unit size ~1 

micron prepared from MoI3 at 800 ÁC was found 

highly active in HDO reaction. The material has 

surface area 25 m
2
/g and crystalline radial branches, 

which appeared to have widths below 100 nm. We 

performed catalytic activity tests on liquefied fir and 

spruce samples; 60 minutes treatment at 8 MPa 

hydrogen pressure results in ~3 times decrease of 

oxygen content, as evaluated by O-H, C-O and C=O 

band intensities in IR spectra of HDO products. 

Newly prepared ñurchin-likeò MoS2 exhibited also 

an improved HDO rate compared to commercial 

MoS2 powder. 
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Shape dependent activity of ceria-based 

catalysts in combustion reactions 
 

Alessandro Trovarelli
a
, Eleonora Aneggi

a
,  

Carla de Leitenburg
a
 and Jordi Llorca

b 

 
a
Dipartimento di Chimica. Fisica e Ambiente, 

Universit¨ di Udine, Udine, Italy  
b
Institut de T¯cniques Energ¯tiques, Univ. 

Polit¯cnica de Catalunya, Barcelona (Spain)  

 
Rare earth elements have been largely used in the 
last decade in catalyst formulations for a variety of 
processes in the area of both chemicals and 
environment [1]. The most significant of the rare 
earth elements are certainly lanthanum and cerium, 
their oxides being used as structural and electronic 
promoters in several applications in the field of 
environmental catalysis. There are also several 
emerging applications or processes for which rare 
earth oxides are currently being actively 
investigated. More specifically cerium oxide is used 
in several applications for the energy sector as a key 
component in catalyst materials for soot oxidation, 
reforming, partial oxidation and water gas shift 
reaction [2]. Other energy-related uses are in the 
fuel cell technology where CeO2 and other rare 
earth materials are fundamental components to 
reduce the operating temperature of solid oxide fuel 
cells [3].  
As a contribution to these areas, we have been 
investigating in the last few years a number of 
issues concerning the preparation and 
characterization of nanostructured and nanoshaped 
cerias as active materials for applications in CO and 
soot combustion reaction [4,5]. Several samples of 
ceria and ceria-zirconia with different degrees of 
{111}/{100} surface exposure were prepared by 
careful ageing at increasing temperatures from 773 
to 1273K. Surface morphology of samples 
evidenced that CeO2 particles after calcination at 
high temperature expose, in addition to the more 
stable {111} planes, well-defined and less stable 
{100} and {110} planes. A similar behaviour was 
found for ceriaïzirconia solid solutions, however 
the preferential exposure of reactive planes 
belonging to the {100} and {110} families after 
calcination is less evident than in ceria and inversely 
dependent on the amount of ZrO2. Figure 1 shows 
soot oxidation rate data measured at a reference 
temperature of 723K against surface area for ceria 
and ceria-zirconia samples. The specific oxidation 
rate decreases with increasing surface area, however 
the effect of surface area on activity is dependent on 
the loading of zirconium. The higher is the loading 
of Zr, the lower is the effect of surface area on 
oxidation rate, with pure zirconia showing no 
dependence of specific activity on surface area. The 
amount and type of reactive planes exposed on the 

surface are directly correlated with the specific 
activity of soot oxidation and the decreasing 
dependence of activity against surface area by 
increasing the amount of Zr is a measure of the 
lower tendency of Zr-rich compositions to modify 
the exposure of reactive planes upon calcination. 

Catalysts with different morphologies 
(nanocubes and nanorods) were also prepared by 
hydrothermal methods starting from ceria nitrate 
and chloride according to literature. The findings on 
nanoshaped samples highlighted the higher activity 
of nanostructured materials compared to 
conventional ceria powders in terms of either 
overall activity and specific reaction rate. The 
oxidation rate increases from 4 to 7 times compared 
to conventional ceria powders. This is due to the 
simultaneous exposure of reactive surfaces and to 
the relatively high surface area of nanoshaped 
samples. The increase of specific activity can be 
correlated to the easier formation of oxygen 
vacancies on the more reactive surfaces driven by 
reaction with carbon soot, confirming the role of the 
redox of ceria in soot oxidation.  

References:  
[1] A. Trovarelli and P. Fornasiero Ed. ñCatalysis 
by Ceria and Related Materialsò; 2

nd
 ed. Imperial 

College Press, London, (2013). 
[2] R. J. Gorte, AIChE Journal 56 (2010) 1126. 
[3] M. Mongensens et al., Solid State Ionics, 129 
(2000) 63. 
[4] E. Aneggi et al., Cat. Tod., 181 (2012) 108. 
[5] E. Aneggi et al., Cat. Tod., 197 (2012) 119. 

Figure 2: HRTEM images of ceria nanocubes and nanorods 
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Figure 1: Soot oxidation rate of ceria (CZ100), zirconia (CZ0) 

and ceria-ziconia samples against surface area. 
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Catalytic dry reforming of methane enables 

simultaneous utilization of two broadly accessible 

carbonaceous gases, CO2 and CH4 (Eq. 1, ȹH
Á
298 K = 

+247 kJ/mol) to produce synthesis gas and thus 

providing a pathway for subsequent production of 

synthetic fuels or other fine chemicals [1]. The main 

engineering challenge in the dry reforming process 

is rapid deactivation of conventional nickel based 

catalysts due to carbon deposition on the catalyst 

surface. Transitional metals feature high activity for 

CH4 conversion, yet their capacity for CO2 

activation is low. Therefore, superior redox 

properties of the carrier are crucial in order to obtain 

supported transitional metal catalysts that exhibit 

stable long-term performance in the reforming 

process [2]. In this study, we investigated the 

activity and stability of Co-promoted Ni catalysts, 

supported on thermally stable high surface area 

CeO2-ZrO2 prepared by novel synthesis routes in a 

wide range of synthesis conditions. Powdered 

CeO2-ZrO2 (80/20 wt. %) mixed oxides were 

prepared by glycothermal (EG), hydrothermal (HT), 

homogeneous coprecipitation (HC) or combustion 

synthesis (PG) method. These synthesized supports 

are the designated components for subsequent 

emplacement with 3 wt. % NiCo alloy. The 

synthesized catalysts and ceria-zirconia supports 

were thoroughly characterized by BET, SEM-EDX, 

XRD, H2-TPR and pulse chemisorption methods. 

The performance of the catalysts was evaluated in a 

tubular quartz fixed-bed reactor (I.D. = 10 mm, Pr = 

1.2 bar, Tr = 500 - 800 ÁC, CO2:CH4 = 1:1). The 

reactor output was coupled to GC for online 

analysis of discharged gas stream. 
 

Table 1. Morphological characteristics of the selected supports: 

BET surface area (SBET), total pore volume (VPT), average size 

of CeO2 crystallites (dCeO2, 111) and reducibility (Ce4+ - Ce3+). 

Synthesis 
SBET 

(m2/g) 

VPT 

(cm3/g) 

dCeO2, 111 

(nm) 

Ce4+ - Ce3+ 

(%)  

EG 1/30a 121 0.20   5.4 67 

EG 1/15a 133 0.17   n.a. 60 

HT   66 0.19 34.9 50 

HC   92 0.07 13.2 72 

PG   24 0.09   4.6 72 

a ï denoting the H2O/C2H6O2 ratio 

Different synthesis approaches and aging conditions 

greatly influence the specific surface area of the 

prepared materials. Powders with the highest BET 

surface area were obtained by glycothermal 

synthesis (Table 1) and homogeneous 

coprecipitation approach. Hydrothermal aging in 

alkaline solution yielded materials with well-

developed internal structure, whereas during 

combustion synthesis the precursors are exposed to 

high temperatures that result in highly sintered 

mixed oxides. In glycothermal synthesis, the 

structure of the obtained powders was further 

optimized by rapid cooling and decreasing the 

solvent amount. 

All the preparation methods yielded powdered 

solids with high mobility of oxygen (Table 1) within 

the crystalline lattice structure. By glycothermal 

aging and combustion synthesis, nanocrystalline 

homogenous solid solutions of CeO2-ZrO2 were 

obtained (dCeO2, 111 < 6 nm), which displayed one-

step reduction feature at temperatures below 750 ÁC. 

In this temperature range structurally segregated 

materials (separate CeO2 and ZrO2 crystal phases, 

dCeO2, 111 > 10 nm) obtained by hydrothermal and 

homogenous coprecipitation methods express 

considerably lower oxygen storage capacities. 

Preliminary CO2-CH4 reforming activity tests over 

Ni-Co/CeO2-ZrO2 catalysts, prepared by various 

techniques, reveal that low H2 amount has to be 

present in the reactant feed during the transition 

process from activation to reforming in order to 

maintain active catalyst components in the metallic 

state. The 3 wt. % Ni-Co/CeO2-ZrO2 tested catalyst 

exhibits very promising carbon resistance 

properties, as during the reforming of undiluted 

model biogas streams (Fig. 1) negligibly low 

amount of carbon was identified after the reaction. 
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Fig. 1. Gas product stream composition in CO2-CH4 reforming 

(3 % Ni-Co/CeO2-ZrO2 EG catalyst, WHSV = 34 l/(gcatȚh)). 
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Chemical technology of nitric acid production is 

one of the main ways for fixation atmospheric 

nitrogen and the largest industrial source of N2O 

emissions. Accordingly to the Kyoto Protocol, 

nitrous oxide (N2O) is a strong greenhouse gas, 

which shows 310 and 21 times higher global 

warming potential (GWP) as compared to those of 

CO2 and CH4, respectively [1]. Thus, the 

development of new technologies for N2O 

decomposition in exhaust-gases is a challenging 

task in chemical and environmental engineering. 

Recently, a lot of research has been done with Cu 

based catalysts, which are active in nitrous oxide 

decomposition reaction. Using CuO-CeO2 mixed 

oxide for catalytic degradation of N2O also shows 

promising results [2,3]. The main purpose of this 

work was to investigate an influence of preparation 

conditions on structural and catalytic properties of a 

novel nanostructured CuO-CeO2 mixed oxide. 

The presented research deals with the preparation of 

a mesoporous CuO-CeO2 catalyst using hard 

template method. KIT-6 mesoporous silica was 

impregnated by aqueous solutions of copper and 

cerium nitrates and calcined at 400 
o
C. In order to 

obtain CuO-CeO2 solids, the template was removed 

by NaOH leaching. After drying, mesoporous 

materials with Cu content ranging from 10 to 50 

mol. % were obtained. The synthesized 

nanostructured material was inverse replica of 

mesoporous KIT-6 silica, structure of which was 

identified by N2 adsorption/desorption and low-

angle XRD analyses. Materials were further 

characterized by BET, SEM, XRD, H2-TPR, 

TGA/DSC, FTIR and TPD techniques using various 

probe molecules. Catalytic activity was investigated 

in a fixed-bed reactor operating in the temperature 

range from 300 to 550 
o
C with N2O feed 

concentration of 2500 ppmv (GHSV=45000 h
-1
). 

BET surface area and average pore size of prepared 

samples are negligibly dependent on chemical 

composition and equal to 150 m
2
/g and 3 nm, 

respectively. Accordingly to H2-TPR examination, 

reduction temperature of CuO phase in the mixed 

oxide is due to synergetic effects shifted to lower 

temperatures, when compared to pure CuO (Fig. 1). 

By increasing Cu content from 10 to 40 mol. %, 

reduction peaks appear at lower temperatures. 

Further increase of Cu content leads to broader 

reduction peak, with the shift of a maximum to 

higher temperatures. Accordingly to XRD 

examination, particle size of CeO2 phase is nearly 

5.5 nm. Segregated CuO phase is observed for 

samples with Cu content above 40 mol. %. 

Results of catalytic N2O decomposition runs are in 

good agreement with CuO reducibility and XRD 

examination data (Fig. 2). The lower the 

temperature of reduction, the greater catalytic 

activity is. The highest activity is observed for the 

catalyst containing 40 mol. % of Cu. Catalyst 

surface modification by sodium oxalate further 

results in higher activity by a factor of two. The 

prepared mesoporous CuO-CeO2 solids show good 

catalytic stability, which was confirmed by long-

term stability tests performed in the period of 100 h. 

 
Figure 1. H2 - TPR spectra of CuO-CeO2 solids. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Results of catalytic experiments.  

 

References: 
[1] http://unfccc.int/di/DetailedByGas.do. 

[2] A. Adamski, W. Zajac, F. Zasada, Z. Sojka 

(2012) Catal. Today, 191, 129. 

[3] H. Zhou, Z. Huang, C. Sun, F. Qin, D. Xiong, 

W. Shen, H. Xu (2012) Appl. Catal. B, 125, 492. 

100 150 200 250 300

0.00

0.05

0.10

0.15

0.20

0.25

0.30

H
2
 u

p
ta

ke
, 
a

.u
.

T, 
O
C

 15 mol. % Cu

 25 mol. % Cu

 35 mol. % Cu

 40 mol. % Cu

 50 mol. % Cu

 CuO

300 350 400 450 500 550 600

0

20

40

60

80

100

N
2
O

 c
o

n
v
e

rs
io

n
, 
%

T, 
O
C

 10 mol. % Cu

 15 mol. % Cu

 25 mol. % Cu

 35 mol. % Cu

 40 mol. % Cu

 50 mol. % Cu

10 20 30 40 50

5

10

15

20

25

N
2

O
 c

o
n

v
e

r
s

io
n

 a
t 

4
0

0
 O

C
, 
%

Cu content, mol. %

http://unfccc.int/di/DetailedByGas.do


SLONANO 2013, Ljubljana, Slovenia, 23ς25 October 2013 

22 
 

Intrinsic Kinetics of Transesterification 

Reactions for Biodiesel Production using 

Homogeneous and Heterogeneous Catalysis 

 

Blaģ Likozar,
a,b

 Janez Levec
a,b 

 
a
 Laboratory of Catalysis and Chemical Reaction 

Engineering, National Institute of Chemistry, 

Hajdrihova 19, 1000 Ljubljana, Slovenia 
b
 Faculty of Chemistry and Chemical Technology, 

University Ljubljana, Aġkerļeva 5, 1000 Ljubljana, 

Slovenia 

 

Transesterification of different oils using various 

alcohols was studied utilizing homogeneous and 

heterogeneous catalysis based on fatty acid 

composition of tri-, di- and monoglycerides, and 

fatty acid alkyl esters, which were individually 

quantified by high-performance liquid 

chromatography (Figure 1). Detailed reaction 

kinetics of oil transesterification were studied based 

on mechanism and reaction scheme of individual 

triglyceride, diglyceride, monoglyceride, glycerol 

and fatty acid methyl ester containing different 

combinations of gadoleic, linoleic, linolenic, oleic, 

palmitic and stearic acids determined by high-

performance liquid chromatography. A model was 

developed describing the chemical kinetics and 

thermodynamics, and transport phenomena during 

the transesterification to biodiesel. Pre-exponential 

factors and activation energies of individual 

reactions were correlated with the molecular 

structure of reactants, intermediates and products. 

Kinetic parameters were thus correlated with 

molecular structure in terms of chain lengths and 

double bonds by response surface models. Mass 

transfer during initial emulsion phase was 

acknowledged by determining diffusivities, 

distribution coefficients, molar volumes, boiling 

points and viscosities of individual components. 

Both for homogeneous and heterogeneous catalysis, 

experiments were performed in a batch reactor over 

a wide range of temperatures, rotational speeds of 

impeller (hydrodynamic conditions), phase ratios of 

reactants (dispersed and continuous phase ratios) 

and alcoholysis catalyst contents, and served for 

model validation. Economics of the process were 

finally evaluated in terms of alcoholysis cost and 

price breakdown. The advantage of the presented 

reaction kinetics model is in its functionality upon 

knowing the composition of oil resource, whereas 

ordinarily, kinetic parameters would be system-

specific. Proposed methodology may be usefully 

applied to transesterification syntheses employing 

heterogeneous catalysis and enzymes, as well as 

various renewable resources such as microalgae 

lipids, waste oils, bioethanol, and biobutanol. 

References: 
[1] I. Poljanġek, B. Likozar, (2011), Influence of mass 

transfer and kinetics on biodiesel production process, Mass 

transfer in multiphase systems and its applications, InTech, 

433ī458. 

[2] B. Klofutar, J. Golob, B. Likozar, C. Klofutar, E. Ģagar, 

I. Poljanġek, (2010), The transesterification of rapeseed and 

waste sunflower oils: Mass-transfer and kinetics in a laboratory 

batch reactor and in an industrial-scale reactor/separator setup, 

Bioresource Technology, 101, 3333ī3344. 

 
Figure 1: Identification of chemical species and single 

compounds in a reacting mixture and comparison between the 

chromatograms for the samples obtained during the experiment 

of the transesterification of canola oil with methanol (50 ÁC, 

400 rpm, oil/alcohol ratio of 1:6 (mol/mol), and 0.8 wt.% 

catalyst per oil weight) at 0 min (a), 5 min (b), and 50 min (c); 

the symbols represent gadoleoyl (G), linolenoyl (Ln), linoleoyl 

(L), oleoyl (O), palmitoyl (P), and stearoyl (S) radicals. 

 (b), and 50 min (c); the symbols represent gadoleoyl (G), 

linolenoyl (Ln), linoleoyl (L), oleoyl (O), palmitoyl (P), and 

stearoyl (S) radicals. 
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Organic semiconductors can be used to reproduce 

the natural retina photoreceptor spectral response in 

standard photo-diodes [1]. Starting from this result 

we further develop hybrid solid liquid photodiodes 

that can naturally interface to a biological 

environment through the electronic/ionic interface 

[2]. The next step was demonstrating that primary 

neurons (from rat brain) grown on top of a 

photovoltaic semiconducting polymer acquire light 

sensitivity [3]. This occurs through a specific 

mechanism of cell stimulation by polymer 

photoexcitation (CSP) that will be discussed in the 

presentation. Following the promising outcome we 

then studied explanted retinas put in contact with 

our organic device. We will show that blind retinas, 

i.e. retinas with severe damage of the 

photoreceptors, do regain light sensitivity, as 

demonstrated by ganglion cell electrical activity 

upon illumination [4]. The process, its relation to 

CSP, perspective and future developments will be 

discussed.   

 

References: [1] M. Antognazza  et al., Appl. 
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[3] Diego Ghezzi et al., Nat. Commun.2,166 

(2011) 
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Organic photovoltaic cells are being studied 

intensely as versatile, low cost renewable energy 

sources. Due to the large exciton binding energy in 

organic semiconductors, efficient carrier separation 

requires a fine-grained blend of electron donor and 

acceptor materials (bulk heterojunction). In the most 

common combination conjugated polymer/PCBM (a 

soluble C60 derivative), an important limit on the 

device efficiency are the rather low carrier 

mobilities on both moieties. Here we propose highly 

exfoliated MoS2 as an alternative electron acceptor. 

MoS2 is an n-type semiconductor which exhibits a 

significant variation of bandgap energy values when 

it is exfoliated to a few layer sheets
1
. With a LUMO 

level similar to PCBM, its electron mobility
2
 of 200 

cm
2
V

-1
s

-1
 is five orders of magnitude higher

3
 than 

that of PCBM, its energy gap (with any number of 

layers) is better matched to the sun spectrum and its 

2d shape may enhance the crystallinity and hence 

the hole mobility of the polymer. We compare the 

P3HT:MoS2 and P3HT:PCBM solar cells prepared 

by spin casting and evaluate the optimal MoS2 mass 

concentration in the active layer. 
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Study of field effect mobility in PCBM films and 
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Organic/inorganic nanocomposites of conjugated 

polymers (electron-donating component) and 

semiconducting nanocrystals (electron-accepting 

component) have been extensively studied as 

promising systems for photovoltaic energy 

conversion. Among electron acceptors, 

nanostructured metal oxides [1] and metal 

chalcogenides [2] have been previously used in 

photoactive layers in bulk-heterojunction (BHJ) 

solar cells. Molybdenum disulphide (MoS2) is a 

semiconductor with an exceptionally high 

absorbance of visible light. Its fundamental band 

gap is indirect (1.3 eV) and is followed by a direct 

gap at 1.85 eV. Electrical conductivity depends on 

specific geometry (1D, 2D, 3D) and density of 

structural defects. In single crystal bulk MoS2 DC 

conductivity at RT is 0.1 S/cm and 10
-4
 S/cm in 

direction parallel and perpendicular to layers, 

respectively [3]. A single monolayer of MoS2 has 

shown relatively high values of charge carrier 

mobility of ~60 cm
2
/(VĿs) at 250 K [4]. Due to its 

optical and electrical properties, MoS2 has been 

considered as a promising material for photovoltaic 

applications. 

 

We will present investigations on blends of 

conductive polymer poly(3-hexylthiophene) (P3HT) 

and size controlled MoS2 nanotubes (NTs). Blends 

were prepared focusing on procedures which do not 

alter electrical and optical properties of nanotubes, 

i.e. without surfactants. After disassembly of as 

grown hedgehog-like self-assemblies of the MoS2 

NTs, relatively homogeneous dispersions of the 

NTs in P3HT were prepared. Thin films of these 

blends were prepared via spin coating. The NTs 

were found efficiently wetted by the P3HT and 

nearly completely immersed in the films. Surface 

structure was composed of pure P3HT lamellae. 

Photoluminescence spectra taken on both blend 

solutions and P3HT/MoS2 NTs thin films revealed a 

quenching effect, which depends on concentration 

of NTs [5]. We found the concentration threshold of 

MoS2 NTs within P3HT, which may determine 

charge transfer phenomena between P3HT and 

MoS2 NTs.  

 

Results of optical microscopy and spectroscopy 

investigations, scanning tunneling (STM) and 

conductive atomic force microscopy (c-AFM) and 

scanning electron microscopy studies will be shown.  

 

 
Figure 1: Optical absorption (a) and photolumine-

scence (b) spectra of pure P3HT and P3HT/MoS2 

NTs thin films for different relative P3HT/MoS2 

concentrations.  
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The photovoltaic properties of MoSI-embedded 

P3HT:PCBM solar cells have been studied and 

compared to the properties of control P3HT:PCBM 

cells. One of the limiting factors for the low 

efficiency is inefficient charge carrier transport. 

Since the MoSI nanowires are electron conductors 

along the wire axes, in addition to the usual hole 

conduction via polymer, an improved electron 

transport is expected, potentially significantly 

increasing the cell efficiency. The MoSI-embedded 

solar cells consisting of 70 nm thick active layer 

prepared by spin coating and thermal deposition 

showed significant efficiency increase of 21 % over 

the control cells. All MoSI-embedded cells 

exhibited an open circuit voltage increase of 0.04 V. 
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Due to their low cost and high energy density 

rechargeable Li-S batteries are among the most 

promising energy storage devices. Sulphur has a 

theoretical gravimetric energy density up to five 

times greater than that of present lithium-ion battery 

technologies. Despite these advantages, massive 

implementation of LiïS batteries remains hindered 

by various challenges that mainly arise from the 

cathode. The major problem is rapid capacity 

fading, which is due to dissolution of polysulphide 

anions (Sn
2ī

) - intermediate reaction species formed 

on charge and discharge - from the cathode into the 

electrolyte. The polysulphide anions act as an 

internal redox shuttle, which gives rise to low 

columbic efficiency. Recently, improved capacity 

fading of cathode composite has been achieved by 

combining mesoporous carbon, mesoporous silica 

(SBA-15), and elemental sulphur.
1,2 

 

 

Zeolites are crystalline microporous 

aluminosilicates that are known for a wide variety 

of structures, high specific areas, precise and 

uniform pore size as well as for their ability to be 

functionalised for specific purposes. Incorporation 

of transition metals into their framework generates 

different types of catalytically active sites. 

Manganese functionalised silicalite-1 (MnS-1) 

crystals with particle size of 100 to 200 nm were 

synthesized hydrothermally via classical and 

microwave procedures. MnS-1 synthesized under 

classical procedure contains Mn
3+ 

active
 
sites in the 

framework whereas MnS-1 synthesized under 

microwave procedure possesses extra-framework 

Mn
3+ 

active sites in the form of manganese oxides.
3,4

 

 

In this presentation we report a good capacity 

retention of the Li-S cell through the use of different 

mesoporous silicate and zeolite additives as 

polysulphide reservoirs and examine the role of 

surface and pore absorption. Mesoporous silicates 

with high specific surface area and the zeolite with 

manganese oxides on the surface were found most 

effective in retaining the soluble polysulphides 

inside or near the cathode thus limiting the fraction 

that takes part in the sulphur shuttle mechanism. We 

assume that, most likely, the hydrophilic pores of 

silicates reversibly adsorb/absorb the lithium 

polysulphides and release them near the end of 

discharge.  
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Figure 1: Comparison of cycle efficiency and 

discharge capacity of best mesoporous silicates and 

zeolites. 

 
Figure 2: Discharge capacity for zeolite MnS-1 

with different manganese active sites and without 

manganese (S-1). 
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Graphene is a two-dimensional allotrope of 

carbon which presents a large number of 

opportunities for tailoring its physical 

properties by nanostructuring, disorder, 

chemical functionalization, and other means. In 

my talk, I will focus on our theory efforts 

directed towards creating graphene-based 

magnetic materials and nanostructures with 

potential applications in spintronics [1]. In 

particular, I will discuss the scenarios of 

ferromagnetic and antiferromagnetic ordering 

in graphene nanostructures of various 

dimensionalities: finite-size fragments [2], 

nanoribbons [3,4], disordered graphene and 

graphite [5,6]. Special attention will be devoted 

to our joint experiment/theory investigation of 

chiral graphene nanoribbons with atomically 

smooth edges [4,7,8]. The scanning tunnelling 

spectroscopy reveals the presence of one-

dimensional edge states in graphene 

nanoribbons of different chirality and width, 

while model calculations provide a strong 

indication of a magnetically ordered state 

driven by electron-electron interactions. 
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Basic blocks of DNA are very 

interesting constituents for designing different 

supramolecular assemblies.  

Among nucleobases, guanine and its derivatives 

are of particular interest due to their ability to 

self-associate into stable structures, different 

from standard Watson-Crick base pairing 

related assemblies [1].
  

Our recent studies of monolayer films of 

nucleoside derivatives at the air-water interface 

(Langmuir films) also revealed a unique 

behaviour of guanosine derivatives [2]. In 

addition, we found that the number of lipophilic 

chains attached to the sugar hydroxyl groups 

strongly affects the molecular assembly of 

guanosine derivatives in Langmuir-Blodgett 

(LB) films [3]. 

Self-assembling properties of guanosine 

derivatives with one and two lipophilic chains 

of different lengths (aliphatic chains of 10 and 

16 carbons) at the air-water interface and after 

transfer to different solid substrates (mica, 

SiO2) have been studied by film balance 

experiments, Brewster angle microscopy 

(BAM) and atomic force microscopy (AFM). 

Both derivatives with one lipophilic chain 

(decanoyl or hexadecanoyl chain) exhibit 

similar spreading behaviour with profound first 

order phase transition from the liquid expanded 

to the liquid condensed phase. Higher collapse 

pressure in the case of longer chain derivative is 

attributed to better balance between hydrophilic 

headgroup and hydrophobic chain. Both 

derivatives form ribbon like structures which 

are formed already on water surface and they 

remain practically unmodified after transfer to 

the solid substrate (Fig. 1). On the other hand, 

double chain derivatives exhibit more diverse 

behaviour. While the derivative with two 

decanoyl chains exhibits liquid expanded as 

well as liquid condensed phase, the derivative 

with two hexadecanoyl chains reveals only 

condensed analogous phase with a collapse 

pressure of 49 mN/m. BAM and AFM images 

show formation of very homogeneous films 

with high surface coverage in the case of both 

double chain derivatives. 
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Figure 1: Self-assembly of guanosine derivative 

with one hexadecanoyl chain (a) at the air water 

interface (BAM) and (b) after transfer to Si/SiO2 

substrate (AFM). 
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Here we report a novel route for electrodeposition 

of CuCl films on fluorine doped tin oxide (FTO) 

electrodes. The electrodeposition of CuCl was 

carried out in a two-electrode cell in the presence of 

Cu
2+

 and Cl
-
 ions. Detailed analysis confirmed that 

reduction of Cu
2+

 to Cu
+
 happens at the vicinity of 

the FTO electrode, which in the presence of excess 

Cl
-
 ions favors the formation of insoluble CuCl 

phase. Due to the relatively low solubility product 

constant  (Ksp) of CuCl in water which is in the 

order of Ksp=1.9³10
-7

 we were able to 

electrodeposit this material on FTO substrates.
1
 The 

obtained CuCl film is dense and the film thickness 

is in the order of ~8 mm. This electrodeposition 

process also holds for the preparation of CuBr thin 

films. Annealing of the as-prepared CuCl films at 

380 ÁC, 420 ÁC, and 460 ÁC, in air, yielded CuO 

phase. Figure 1 shows SEM images taken from a 

representative CuO sample that was annealed at 460 

ÁC. The obtained CuO film exhibit textured fetaures 

with average grain sizes in the order of ~300 nm. 

Detailed X-ray diffraction (XRD) studies confirmed 

that complete transformation of CuCl to CuO phase 

happens at temperatures above 420 ÁC for 30 min. 

The obtained CuO films were tested for water 

splitting reaction in a three-electrode configuration 

cell (Fig.1). The highest obtained photocurrent 

density is in the order of ~1.5 mA/cm
2
 at 0.0 V vs. 

reversible hydrogen electrode, RHE, for the sample 

annealed at 460 ÁC. We attributed this observed 

photocurrent response to photocorrosion which 

happens on the CuO electrode surface. Furthermore, 

the photoresponce of the CuO electrodes were also 

studied in the presence of I
-
/I3
-
 redox couple in 

propylene carbonate solution. The experiments in 

I
-
/I3
-
 redox couple confirmed that the 

photoresponce arises entirely from the 

photogenerated current in the CuO films. By 

employing I
-
/I3
-
 redox couple we conclude that the 

films are stable in non-aqueous solution. Further 

research will be focused on stabilising the 

electrodes in aqueous environment by coating them 

with a protective layer. The current method seems a 

promising way for preparation of textured porous 

CuO films for light harvesting applications. 

 

Reference: 1) J. W. Moore, C. L. Stanitski, P. C. 

Jurs, Principles of Chemistry: The molecular 

Science; Brooks/Cole Cengage Learning: Belmont 

CA, 2010. 

 
Figure 1. (a) Operational principles of the PEC cell. 

(b) Current density vs potential of CuO films under 

100 mW/cm
2 

illuminations obtained with chopped 

light in 0.5 M Na2SO4 aqueous solution. The inset in 

(b) is the photocurrent recorded at 0.0 V RHE. 
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Superconducting materials, i.e. materials in 

which the resistance completely vanishes and 

magnetic field is expelled below a transition 

temperature, Tc, hold a great promise in 

addressing current global priority issues such as 

energy and the environment. Possible 

alternative to current cuprate superconductors 

may represent ˊ-conjugated molecular solids, as 

was proven in the case of fulleride 

superconductivity.
1,2

 Superconductivity was 

reported for the first time in polyaromatic 

molecular solid ï alkali metal ñdopedò aromatic 

five-ring hydrocarbon system picene, C22H14
3
 

thus showing that the concept of ˊ-electron 

superconductivity is indeed very promising.  

Alkali metal ñdopedò aromatic hydrocarbon 

picene, which most probably forms aromatic 

radical anion, is thus completely new class of 

molecular organic high-temperature 

superconductor, which are at present poorly 

understood. Very recently the superconductivity 

has been reported also in ñdopedò 

phenantrenes
4
, in potassium-doped 1,2:8,9-

dibenozpentacene (Tc = 28 K)
5
 and potassium-

doped coronene.
6
 However, in all these samples 

the superconducting fractions are generally low 

(of the order of 1 %) and show multiphase 

structures. As a result, the superconductive 

components are not identified although they are 

probably based on aromatic radical anions. 

Here we report on different preparation 

procedures on potassium triphenylide system 

with the intent to optimize old techniques and 

develop new ones. Solid state reactions were 

used first in order to collect basic data and 

study the behavior of triphenylene under 

reducing conditions at elevated temperatures 

and compare results. Resulting products were 

amorphous, containing larger amounts of 

unreacted starting materials. To increase rate of 

reaction and prevent surface passivation of 

starting compounds amine and ethers as 

solvents were tried with better results. Charge 

on triphenylide was controlled by molar ratio 

between metal potassium and triphenylene in 

all cases. Results show that reactions in solution 

lead to more homogeneous and crystalline 

products, while solid state reactions are 

unsuitable for the same task because of surface 

passivation of reactants. 

All the products were characterized by X-ray 

powder diffraction, Raman spectroscopy, 

Electron paramagnetic resonance and SQUID 

magnetometer.  
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Figure 1: Solid state preparation of potassium 

triphenylide. 
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Mitsuhashi et al. [1] showed that a polycyclic aromatic 

compound, the picene molecule, undergoes a 

superconducting phase transition when doped with alkali 

metals, with Tc around 18 K. The picene molecule 

consists of five benzene rings arranged in a zigzag 

manner.  Theoretical studies on K3picene showed that the 

superconductivity could be driven by electronīphonon 

(intramolecular) coupling, as in the case of K3C60 [2,3]. 

On the other hand, other DFT calculations showed that 

K3picene turns into a MottīHubbard insulator when its 

unit cell experiences an enlargement of 5%, [4] like 

observed in C60 compounds. Therefore, a fundamental 

question has to be addressed: do correlation effects and 

crystal arrangements play a decisive role in doped picene 

electronic structure and superconductivity as in the case 

of C60 compounds? 

Here we studied the electronic structure and the 

geometric arrangement of picene molecules adsorbed on 

Ag(111) by means of photoemission and near-edge X-ray 

absorption fine-structure spectroscopies (NEXAFS). The 

NEXAFS profiles of different picene layers show a 

coverage-dependent orientation, from flat molecules 

(monolayer) to an orientation Ḑ40Á for the molecular 

long axis with respect to the substrate surface 

(multilayer). While the valence band of a picene 

monolayer shows a clear metallic state that evolves with 

alkali metal doping, in the case of a picene multilayer 

there is no evidence of metallic states evolving with 

doping, as was also observed by other authors [5]. Our 

data suggest that the bulk ultrahigh-vacuum films of Kx-

picene are in an insulating phase, and we attribute this 

behavior to a strong electronīelectron Coulomb 

interaction that is instead screened in the monolayer. 

However, the comparison with C60 suggests that the 

couple C60/picene may behave as an electron 

Acceptor/Donor system. The growth of multilayer of 

mixed C60/picene molecules indicates that metallic 

systems can be observed by photoemission and 

further metallic layers are obtained by doping with K. 
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The properties of the resistive state of 

the narrow superconducting channels of 

different lengths are investigated by direct 

numerical integration of the time-dependent 

Ginzburg-Landau equations (TDGLEs) [1]. We 

have demonstrated that singularities of the 

current-voltage characteristics (CVCs) 

correspond to a number of different bifurcation 

points of the TDGLEs. We have revealed the 

types of the bifurcations, which induced the 

singularities in the CVCs.  

We theoretically study how the 

dynamics of the resistive state in narrow 

superconducting channels shunted by an 

external resistor depends on channelôs length L, 

the applied current j, and parameter u 

characterizing the penetration depth of the 

electric ýeld in the nonequilibrium 

superconductors. We show that changing u 

dramatically aǟects both the behaviour of the 

CVCs of the superconducting channels and the 

dynamics of their order parameter.  

Previously, it was demonstrated that 

when u is less than the critical value uc1, which 

does not depend on L, the phase slip centers 

appear simultaneously at diǟerent spots of the 

channel. Herewith, for u > uc1 these centers 

arise consecutively at the same place [2]. In our 

work we demonstrate that there is another 

critical value for u [3]. Actually, if u does not 

exceed a certain value uc2, which depends on L, 

the current-voltage characteristic exhibits the 

step-like behaviour. However, for u > uc2 it 

becomes hysteretic. In this case, with increase 

of j the steady state, which corresponds to the 

time independent distribution of the order 

parameter along the channel, losses its stability 

at switching current value jsw, and time periodic 

oscillations of both the order parameter and 

electric ýled occur in the channel. As j sweeps 

down, the periodic dynamics ceases at certain 

retrapping current value jr < jsw. Shunting the 

channel by a resistor increases the value of jr, 

while jsw remains unchanged. Thus, for some 

high enough conductivity of the shunt jr and jsw 

eventually coincide, and the hysteretic loop 

disappears. We reveal dynamical regimes 

involved in the hysteresis, and discuss the 

bifurcation transitions between them. 

The authors aknowlededge European 

Union Framework Programme 7 for financial 

support. 
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Flexible and stretchable electronics are attracting 

much attention because of the variety of possible 

new applications from flexible e-papers though 

sensors and medical devices having an affinity with 

human body. Among various kinds of electronic 

materials, carbon nanotube (CNT) thin films have 

advantages in flexibility, stretchability, 

performance, and cost because of the excellent 

electronic and mechanical properties and 

processability. Their optical transparency also 

attractive to realize transparent electron devices. In 

my presentation, I will talk about recent progresses 

on flexible electronics based on CNT thin films, 

including our recent works on transparent 

conductive film (TCF) applications and thin film 

transistor (TFT) applications.. 

To produce TCF devices based on CNTs at 

ultimately low cost, we have developed a technique 

for one-step micro-patterning of as-grown CNT 

films on a plastic substrate with sub-10-mm 

resolution on the basis of the dry transfer process 

[1]. By utilizing this technique, we demonstrated the 

novel high-performance flexible CNT TCF with a 

micro-grid structure, which enabled improvement of 

the performance over the tradeoff between the sheet 

resistance and transmittance of a conventional 

single-layered CNT film. The sheet resistance was 

reduced by 46% by adding the micro-grid. We also 

demonstrated easy fabrication of multi-touch 

projected capacitive sensors with 12 ³ 12 

electrodes. The technique is quite promising for 

energy-saving production of transparent conductor 

devices with 100% material utilization. 

We have also developed a method to realize 

high-mobility CNT thin films, based on a gas-phase 

filtration and transfer process [2]. CNTs were grown 

by a floating-catalyst CVD technique, wherein 

catalyst particles were produced by decomposition 

of ferrocene vapor in the source gas. The CNT 

network was collected by filtering through 

membrane filters at room temperature. The CNT 

network was transferred from a membrane filter to 

the substrate with electrodes of TFTs. This 

technique enables to form CNT films with high 

mobility and controllable threshold voltage on a 

plastic film. A TFT fabricated on a Si substrate with 

the transfer technique exhibited a high mobility of 

634 cm
2
/Vs with on/off ratio of 6³10

6
. Various 

integrated circuits (ICs) such as basic logic gates 

(NOR and NAND), 21-stage ring oscillators, reset-

set flip-flops (RS-FFs), and delay flip-flops (D-FFs) 

were demonstrated on a transparent plastic film as 

shown in Fig. 1. 

All -carbon TFTs and ICs, in which the 

electrodes and interconnections consist of CNT film 

and the insulators consist of PMMA, have also been 

realized [3]. The devices had an optical 

transparency of ~80%. Various kinds of functional 

ICs were demonstrated at relatively low operation 

voltage of 5 V even for the thick polymer gate 

insulator. A bending test verified the good 

flexibility of the all-carbon devices. Moreover, the 

all-carbon devices exhibit unique moldability, 

which is quite important property of plastic 

materials to produce plastic products from kidôs 

toys through electronics devices and medical 

devices. We demonstrated three-dimensional dome-

shape devices formed by the thermo-pressure 

forming technique, in which devices were stretched 

bi-axially by up to 18%. 

Printing process is also attractive to fabricate 

devices on a plastic film at low cost. We have 

introduced high-throughput flexographic printing 

technique, which is a kind of high-speed 

typographic printing technique with a flexible relief 

plate made of photopolymer, in the fabrication 

process of CNT TFTs [4]. Bottom-gate-type CNT 

TFTs were fabricated by fully lithography-free and 

nonvacuum process on a PEN film. The device 

exhibited a high mobility of 157 cm
2
/Vs. As both 

the transfer and flexographic printing processes are 

compatible with roll-to-roll processes, this 

combination can provide a platform for the high-

speed manufacturing of high-performance flexible 

devices at low cost. 

 

References:  
[1] N. Fukaya et al. (submitted) 

[2] D.-M. Sun et al., Nature Nanotech. 6, 156 

(2011).  

[3] D.-M. Sun et al., Nature Commun. 4, 2302 

(2013). 

[4] Higuchi et al., Appl. Phys. Express 6, 085101 

(2013). 

       
      Figure 1: CNT ICs fabricated on flexible, transparent 

plastic film. 
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The development of semiconductors that are 

designed to exploit visible light has been a field 

of growing interest during the last years, in 

order to carry out oxidation/mineralization 

reactions under ñgreen chemistryò conditions, 

using oxygen or air as reactant [1]. In this 

study, several high specific surface area titanate 

nanotube-based photocatalysts were 

synthesized, followed by their thorough 

characterization and investigation of potential 

for mineralization of model organic compound 

bisphenol A (BPA), which is a well-known 

representative of endocrine disrupting 

chemicals (EDCs). The synthesis and 

characterization details of pristine and heat 

treated titanate nanotubes (TNTs) are 

thoroughly described in our recent work [2]. 

The as-prepared and heat-treated TNTs were 

exposed to concentrated H2O2 for different time 

periods, in order to modify surface properties. 

Such surface functionalization at ambient 

conditions enabled formation of titanium(IV) 

peroxo-complexes only on surfaces that were 

rich with OH groups (like pristine TNTs); thus, 

the sample calcined at 500 ÁC (OH groups were 

stripped off) and subsequently treated with 

H2O2 does not exhibit a hump at 420 nm in the 

acquired UV-VIS-DR (Figure 1). 

Functionalization of TNTs enabled enhanced 

BPA photodegradation compared to the pristine 

TNT sample (Figure 2). More than a three-fold 

increase in BPA removal efficiency was 

achieved with a simple 1 h pre-treatment of 

TNTs with H2O2. On contrary, when the 

calcined sample was pre-treated with H2O2, the 

photocatalytic performance was worsen 

(sample TNT_500_H2O2_1h), since defect sites 

(oxygen vacancies) on these anatase particles 

were almost recovered to a stoichiometric ratio 

of TiO2 after H2O2 treatment. In turn, this had a 

negative influence on the radical reaction 

mechanism, leading to a weaker activity of 

these crystalline solids in the examined 

reaction.  

 

 

 

 

References:  
[1] C. Cantau et. al, (2010), N-doped TiO2 by 

low temperature synthesis: stability, photoreactivity 

and singlet oxygen formation in the visible range, J. 

Photochem. Photobiol. A, 216, 201. 

[2] B. Erjavec et. al, (2013), Catalytic wet air 

oxidation of bisphenol A model solution in a trickle-

bed reactor over titanate nanotube-based catalysts, 

Appl. Catal. B, 132-133, 342. 
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Figure 1: Comparison of UV-VIS-DR spectra of 

pristine, heat-treated and functionalized TNT-based 

photocatalysts. 
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Figure 2: Comparison of BPA degradation obtained 

in the presence of pristine, functionalized and heat-

treated TNT-based photocatalysts. 
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Introduction  

Bisphenol A (BPA) is an aromatic organic 

compound, which is widely used in the production 

of polycarbonates and epoxy resins. It is classified 

as an endocrine disrupting compound (EDC). The 

purpose of this work was to synthesise and 

characterise titanate-nanotube based catalysts, and 

subsequently examine their catalytic properties in 

the CWAO process carried out in a three-phase 

trickle-bed reactor, with or without implementation 

of recycle. 

 

Experimental/methodology 

The catalysts were prepared via hydrothermal 

synthesis path. The solids were examined with a 

series of advanced techniques (XRD, SEM, EDX, 

CHNS elemental analysis, FTIR, UV-VIS-DR and 

BET), which is described in detail elsewhere [1]. 

CWAO experiments were conducted in the 

Microactivity-Reference unit (PID Eng&Tech, 

Spain), mainly at 200 ÁC, 25.5 bar of total pressure 

and catalyst loading of 300 mg. Feed solution 

containing 10 mg/l of BPA was fed continuously 

and co-currently with pure oxygen into the trickle-

bed reactor operating in the LIR regime. Moreover, 

experiments with the implementation of recycle 

were conducted, where the treated liquid phase was 

recycled (5 or 10-fold recycle). The efficiency of 

the CWAO process was assessed by determining the 

conversion of model pollutant BPA and eventual 

intermediates, formed during the oxidative 

degradation, by means of advanced analytical 

techniques (HPLC, TOC, IC, UV-VIS, LC-MS-MS, 

GC-MS).  

 

Results and discussion 

The starting material exhibited remarkably high 

BET surface area of 380 m
2
/g. Therefore, the 

starting surface area ensures numerous active sites 

that enable oxidative degradation of BPA. In the 

presence of the catalyst annealed at 600 ÁC, which 

showed fully transformed anatase structure with 

crystallites under 20 nm, remarkable BPA and TOC 

conversions of 89.9 and 69.2 % were obtained, 

respectively, after achieving dynamic equilibrium 

between the gas, liquid and solid phase. The 

increase of catalyst loading to 500 mg and 

temperature to 210 ÁC, resulted in complete 

conversion of BPA (Fig. 1), accompanied with 68.6 

% of TOC removal. The influence of non-catalytic 

WAO was examined over catalytically non-active 

SiC particles (BET surface area < 0.1 m
2
/g). In 

comparison to the CWAO over titanate nanotube-

based catalyst, BPA conversion was decreased for 

over 50 % (Fig. 1).  

 
 Figure 1: BPA conversion as a function of time in 

the presence of SiC (300 mg, ǒ), TiO2-based 

catalyst (300 mg, ƴ), TiO2-based catalyst (500 mg, 

ƶ). 

 

The implementation of recycle resulted in improved 

conversions of treated BPA, referring to the above-

presented results. Complete BPA removal was 

achieved during both experiments (5 or 10-fold 

recycle), while TOC conversion was increased by 

increasing the number of recycles (Fig. 2). More 

than 80 % of organic compounds were successfully 

mineralized, leaving only estrogenically non-active 

short chain carboxylic acids (as confirmed by IC 

and HPLC analysis). 

 
 Figure 2: BPA and TOC conversions achieved in 

the batch-recycle trickle-bed reactor. 

 

Conclusions 

This novel catalysts proved to be very efficient for 

the destruction of organic molecules like BPA in the 

CWAO process. The implementation of recycle 

resulted in complete BPA conversion achieved 

already at 200 ÁC, accompanied with 80.8 % of 

TOC conversion (10-fold recycle).  
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Superparamagnetic nanoparticles are promising 

materials for a wide range of applications in 

biomedicine, e.g., drug-delivery vehicles, contrast 

agents in magnetic resonance imaging and 

biotechnology, e.g., magnetic separation. The most 

frequently used nanoparticles in the above-

mentioned applications are maghemite (ɔ-Fe2O3) 

nanoparticles, because their synthesis is inexpensive 

and they are approved by the U.S. Food and Drug 

Administration (FDA) for therapeutic use in 

humans. Such nanoparticles are usually coated and 

functionalized with surfactants or polymers that 

stabilize the nanoparticles in suspension and provide 

adjustable surface properties for the specific 

application of interest. 

The study of colloidal stability and the controlled 

aggregation kinetics of nanoparticles has been an 

important aspect of colloid science. The Derjaguin-

Landau-Verwey-Overbeek (DLVO) theory 

describes colloidal stability and it could be used to 

explain the electrostatic stability of nanoparticles in 

their aqueous suspensions. Studies have found that 

suspension pH and ionic strength are the main 

factors affecting colloidal stability and the 

aggregation kinetics of nanoparticles. The 

aggregation behavior of nanoparticles in different 

colloidal systems is still not well understood. In 

aqueous suspensions, the aggregation of 

nanoparticles is due to the interaction between the 

nanoparticle surfaces and the aqueous components, 

and is strongly influenced by several factors such as 

the ionic strength, the concentration of suspended 

nanoparticles, and other suspension components. 

The pH value of the suspension is another very 

important factor affecting the nanoparticle 

agglomeration, especially at the pH of the 

suspension when it approaches the pH of the point 

of zero charge.  

In this work the heteroagglomeration of the 

maghemite and silica nanoparticles for the variable 

ionic strength of their aqueous suspensions was 

investigated in order to prepare superparamagnetic 

agglomerates. The surfaces of the nanoparticles 

were specifically functionalized using silane 

molecules with amino or carboxyl terminal 

functional groups. Finally, both types of 

nanoparticles were heteroagglomerated in their 

aqueous suspensions due to the electrostatic 

attractive interactions between the nanoparticles 

displaying opposite electric surface charges in 

suspensions with variable ionic strength. 

The aim of this work was to study the influence of 

ionic strength on the colloidal stability of the 

suspensions and its influence on the 

heteroagglomeration of nanoparticles in the model 

system. The carboxyl-functionalized maghemite 

nanoparticles with their size of around 20 nm and 

the amino-functionalized silica nanoparticles with a 

size of around 100 nm were used as a model system. 

The ionic strength was controlled by adding the 

monovalent electrolyte (KCl). 

The heteroagglomeration between the negatively 

charged maghemite nanoparticles and the positively 

charged silica nanoparticles were studied as a 

function of the ionic strength of both types of initial 

suspension. 

The initial suspensions of the functionalized 

nanoparticles and the heteroagglomerates 

synthesized in the suspensions were characterized 

using electro-kinetic measurements of the zeta-

potential, dynamic light scattering (DLS) and 

transmission electron microscopy (TEM).  

The results suggest that the change of ionic strength 

of the suspensions has an effect on the coverage of 

the larger silica nanoparticle in the core of the 

heteroagglomerate with the small maghemite 

nanoparticles due to attractive electrostatic 

interactions.  

 

 
Figure 1: TEM photograph of formed 

heteroagglomerates (a) without added KCl and (b) 

with added KCl.  
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Transmission X-ray microscopy (TXM) is a popular 

microscopy technique used in biology. Recently, we 

have extended the range of its applications to the 

spectroscopic characterization of nanoscale 

materials by combining it with near-edge X-ray-

absorption fine-structure spectroscopy (NEXAFSï

TXM) [1]. State of the art TXMs allow a spatial 

resolution of 11 nm. However, we show in the 

current study that the combination of NEXAFSï

TXM with high-level theoretical modelling allows 

us to move beyond this spatial-resolution limit and 

extract more spatially refined information [2].  

 

We investigate the electronic structure of an 

isolated sodium titanate nanoribbon (TiNR) by 

means of NEXAFS-TXM coupled with first-

principles NEXAFS calculations (density functional 

for the O K-edge and multichannel multiple 

scattering (MCMS) method for the Ti L2,3-edge 

spectra) [3]. The susceptibility of both O K-edge 

and Ti L-edge features to the local bonding 

environment in TiO2-based materials makes 

NEXAFS ideal for providing diagnostic information 

about the crystal structures and oxidation states. The 

electronic structure of the nanoribbons is discussed 

in terms of the ligand field splitting of the Ti ions 

and the connectivity of the TiO6 octahedral network. 

 

Figure 1 shows the Ti L-edge recorded in isolated 

TiNRs for the E-vector parallel and perpendicular to 

the main axis of the nanostructure. The titanium L-

edge NEXAFS spectrum of the TiNRs shares 

common general features with the anatase NEXAFS 

spectrum: they are composed of distinguishable 

peaks in the range between 455 and 470 eV 

corresponding to excitations of the Ti 2p states into 

the empty Ti 3d states. The Ti L-edge shows two 

groups of peaks arising from the spin-orbit splitting 

of the Ti 2p core level into 2p1/2 (L2-edge) and 2p3/2 

levels (L3-edge), corresponding to Ti(IV) in a 

tetragonal structure. The most prominent difference 

between the TiNR and anatase spectra is the 

absence of splitting of the fine structure in the L3ïeg 

band. Using the MCMS method, Kr¿ger showed 

that the this splitting in TiO2 is due to structural 

differences beyond the first ïnearest-neighbour 

shell rather than distortion of individual octahedra. 

  

 

 

 

 

 

 

 
 

 

Figure 1. a) TXM image recorded at hɜ = 460 eV. 

b) Ti L2,3 edge recorded with the E-vector parallel or 

perpendicular to the main axis of the nanoribbon. 

Figure 2. Calculated NEXAFS spectra. Ti atoms at 

different sites of the TiNRs structure (Figure 2c) (a) 

and (b) the total spectrum. (c) Ball-and-stick model 

of one Ti3O7 sheet of the generally accepted 

structure of TiNRs. Ti atoms in blue (1, 2, 3 three 

nonequivalent sites) and O atoms in red.  

 

We performed a series of MCMS calculations [3] 

using the structural model ñH(1,3)ò for H2Ti3O7. 

The calculated Ti L2,3 spectra of the TiNRs is shown 

in Figure 2b. The excellent agreement between the 

experimental data and the theoretical modeling 

confirms the assignment of the TiNR structure to a 

layered titanate of the H2TinO2n+1 family.  

 

The connectivity of the octahedral will be discussed 

taking in consideration the O K-edge  

 

High-level spectroscopic modeling appears to be an 

important way to extend further the resolution of 

NEXAFSïTXM towards the atomic limit. 
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In the lecture the new state-of-the-art atomic 

resolution scanning transmission electron 

microscope (AR-STEM) will be presented. The AR-

STEM project was conjointly run by the Centre of 

Excellence for Low Carbon Technologies (CONOT) 

and the National Institute of Chemistry (NIC).  

 

The microscope (Jeol JEM  ARM 200 CF) is fitted 

with a cold field-emission gun and probe spherical 

aberration corrector (CESCOR unit from the CEOS, 

Germany). It enables atom-by-atom imaging 

resolution and spatial resolution for atom-to-atom 

chemical mapping of materials. The system is 

equipped with the new energy-dispersive x-ray 

spectrometer (Centurio 100 mm
2
, JEOL) for fast 

elemental mapping and with the new energy filter 

(QuantumGIF, Gatan, USA) for electron energy-

loss spectroscopy with DualEELS capability, 

energy-filtered TEM (EFTEM) mapping and 

ultrafast spectrum imaging (SI) 

 

The range of the materials that will be analysed is 

very wide, from material science where 

nanopartciles, crystal defects, interfaces and surface 

phenomena will be studied to life science with cryo-

electron microscopy, single particle analysis and 

EM reconstruction. 

 

Beside the explanation of the characteristics and 

capabilities of the instrument the first results and 

impressions will be displayed and commented.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Jeol ARM 200 CF probe Cs corrected 

STEM microscope 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Testing the resolution, dumbbells of 

silicon atoms in monocrystalline Si observed at 

[110] zone axis. The inset is the position of the 

atoms inside the model structure of Fd-3mS silicon.  

 
 

 

 

 

 

 

 

 


