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Welcome!

to SLONANO 28atW2 OS ¥ { ( § EjublanalSlodetia. i dzi S

The SLONANO conferences have been organised annually since 200&hevivesh
oneRI & YSSGAy3 2tefah Indtifute. De cohférenteztar®dras {
national meetingout soon became regional and keep gaining on their international
importance.

Through all these years, the basic idea of the conference remainsithe: $o foster
the rapid exchange of results, ideas and krAmow in the field of nanotechnology. In
particular, young scientists are strongly encouraged to present their work and
establish contacts with senior researchers.

Organizing Committee
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Albin Pintar, National Institute of Chemistry, Slovenia
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Abdou Hassanien, National Institute of Chemistryy&ima



Wednegslay, 23 October

Session TitleNano-shaped material for energy production

WI @A S NIty PlISERlyti Processes for halogen recyclpast,

9:00 ¢ 9:30 _ 12
present, future Invited
. . Annamaria PetrozzaExcitons versus Free Charges: a Photophysical
9:30 ¢10:00 | pjctyre of TeHalide Organdead Perovskites for Highly Efficient Hybrid 14
Solar Celldnvited
10:00- 10:15 Gleb VerysovCatalytic activity oMoS2Nanoparticlesn 16
hydrodeoxygenation of liquefied wood
10:15 - 10:35 coffee break
10:35 - 11:05 | Allessandro TrovarelliShape dependent activity of cefimsed catalysts| 18
in combustion reactiondnvited
_ . LfA2lF DI al y Nao@ystgllihg Zr idcbkpora@B3e®2 with| 20
11:05-11:20 superiorredox properties as designated NiCo catalyst carriers for CO
CH4 methane reforming
11:20c 11:35 Maxim ZabilskyNanostructuredCuOCeO2 mixed oxidas a catalyst for| 21
N20Odecomposition
11:35¢ 11:50 | . t Lik@zar:Intrinsic Kinetics ofransesterification Reactions for 22
Biodiesel Production using Homogeneous and Heterogeneous Cataly
11:50 ¢ 12:30 Lunch
12:30 ¢ 13:00 | Poster session
13:00¢ 13:30 Gugllelmo LanzaniThe organic approach toward an artificial retina
Invited
13:30¢ 13:45 t S u S NJ ¢ 2ApRlitaBo@ @ BIS2P3HThlends as active material if 26
organic solar cells
) , Ana VarlecMicroscopic and spectroscopic investigation of MoS2 27
13: 45¢ 14:00 .
nanotubes/P3HT nanocomposites
) ) Nevera Oelid: Theincreased efficiency of P3HT:PCBM solar cells with 28
14:00¢ 14:15 o :
addition of MoSI nanowires
14:15¢ 14:30 Vida LapornikManganesdunctionlised zeolite silicalitd in lithium

sulphur batteries

14:30¢ 15:00

coffee break




Thursday, 2 October

Session Titletnorganic nanostructures and composites

9:00 ¢ 9:30 Oleg Yazyev Towards realizing magnetic materials and nanostructur{ 30
based on graphene: a theorist's perspectiveited
9:30¢9:45 | [ dzOA 2 ISeltasgembly\ofipoguanosine derivates on surfaces 32
9:45¢ 10:00 | Saim EminPhotoeletrochemical investigation of textured porous Cu¢ 33
thin films prepared from electrodeposited CuCl
10:00 - 10:35 coffee break
Session title: Relectron nanostructures
_ | DI OLISNIb®Iga& I NDKSYA Ol t NRdziSa T2 34
10:35-11:05 polycyclic aromatic hydrocarbons and characterization of their physi
properties Invited
+C60 Invited
11:35¢ 1150 | Vladimir BaranovHysteretic currentvoltage characteristics of 38
superconducting channels
11:50 ¢ 12:30 Lunch
12:30 ¢ 13:00 | Poster session
Session title:Applications
13:00¢ 13:30 Yuta_ka _Ohnngrbon nanotube thin films for flexible electronics 40
applicationsInvited
, , . 2 Ol 2 yMaifies titafideOhanotubes as promising 42
13:30¢ 13:45 . ) .
photocatalysts for degradation of bisphenol A solution
) Renata KaplanCatalytic wet aioxidation of nonbiodegradable organi¢ 43
13:45¢ 1400 ) ; :
chemicals in the presence of titanate nanotubes
A L A X . . . 44
14:00¢ 14:15 t S U S NJ Hetdr@abgloivieration of two types of nanoparticles in af

agueous suspension

14:15¢ 1445

coffee break




Friday, 5 October

Session TitleAdvanced microscopy techniques

9:00 ¢ 9:30 Carla BittencourtNEXAFBleasurements oNanoribbons:Nanoscale 46
Fectroscopy withPolarizedX-rays,Invited

9:30¢c1000 |D2 NI y Atdddic @Aotutibn scanning transmission electron 48
microscope, first results and impressionB)jvited

10:00¢ 10:15 Violeta Simic MilosevicChallenges and new milestones in probe 50
microscopy

10:15-10:35 coffee break

10:35 -11:05 | Mom Sinn Aw:Noneroding nanoporous materials: Novel concepts f¢ 52
controlling drug releasdnvited

11:05 - 11:20 | Abdou Hassanienvlicroscopic charge transport properties of pristing 54
and doped carbon nanotube thin film transistors

11:20¢ 11:35 Martin Rigler:Ellipsometric characterization of optically anisotropitN | 55
thin films with rough surfaces

11:35¢ 11:50 | lulia Mikulska:Effect of doping concentration ahe ferromagnetic 56
properties of Fedoped BaTiO3

11:50 ¢ 12:30 Lunch

12:30 ¢ 13:00 | Postersession

~ A A A x s d x . 57

13:00¢ 13115 W2 O_S CSHKI | US aeyuKS aMoll supefconductyicd

nanowires
- . - . - - - - 58

1315 ¢ 13:30 Martin _StrOJnlk. Dimensional crossover in ultrathin molybdenum
nanowires

13:30¢ 13:45 | ! y R NB 2Mowkdeniind based nanowires aménotubes 59

13:45¢ 14:00 | Anna PogrebnaPhotoexcited Eu2+ spin dynamics in EuFe2{®s)2 60

14:00¢ 14:15 | Ivan Madan:Superconducting fluctuations in Bi2Sr2CaCu208+d 61

14:30¢ 15:00 coffee break

10



SLONANO 2013, Ljubljana, Slove2825 October 2013

11



SLONANO 2013, Ljubljana, Slove2825 October 2013

Catalytic processes for halogenecycling: References:
past, present, future .
1. M. A. G. Hevi a, A. P. Amrut e
i R a m2, J. Eatal, 2010,276, 141.
Javi erRaR@rreez 2. C. Mondelli, A.P. Amrute, F. Krumeich, T. Schmidt, J.
. . . . . P ® rRazm? €hermGatChen011,3, 657.
Institute for Chemlcal arld Bioengineering, ETH 3. J.RaMm®@rreezz. C. Mondekli. T.
Zurich, Switzerland Schl ¢ter, A. Wo |l f Energy Ml ec z

The heterogeneously catalyzed oxidation of HCI toEnV'ron'SC" 20114, 4786.

. . . 4, C. Mondelli A.P. Amrt e , T. Schmidt,
Cl, comprises a sustainable route to valorize -HCI

o ) i ) Ra m2 €hemn. Commun2011,47, 7173.
containing streams in the chemical industry.s Teschner R Farr a L
Conceived by Henry Deacon in 1868, themction soerij anto, R. Schomicker, T.
has suffered from many sterile attempts to obtaim . P. Amr ut e, C.-Ravoe2nrdeezl,l-iG. JNo

sufficiently active and durable catalysts. TheLer ut h, JNCatall201R,285 273.
Deacon proces$ias been rejuvenated in the last6. D. Teschner, G. Novelleruth, R. Farra, A. Knop

decade due to the increased demand for chlorine afe r i c ke, R.SzBohmP gl siL. M. G.
the growing excess of hyroduct HCI, for example, So€rijanto, R. -BamdbmézkeN, L:

and Nature Chem.2012,4, 739.

7. AP. Amrute C. Mondelli, M. Moser, G.Novell-
polycarbonates. Intense research efforts have
erut h, N . L-pez, D. Rosentha

culminated in the recent industrial implementationD_ Teschner, T.-RaSwmimCatt . J.

of RuQ-based catalysts for HCI oxidation, and 2012,286, 287.

other systems based on cheaper metals are ready R Farra, M. Eichelbaum, Sc hl1 °© gl , L. Szen
commercialization.This lecture reviews theew T. Schmi dt, A.P. AmrRatne,r ex., M
generation of technologies for chlorine recyclingD. Tescher,J. Catal, 2013,297, 119.

under the umbrella of Catalysis Engineering,9. M. Moser, C. Mondelli, T. Schmidt, F. Girgsdies, M.E.
rationalizing the catalyst and reactor selection iiSchuster, R. Farra, L. Szent
relaion to the overall process. Bridging P ® “Feazm? ApplzCatal. B 2013132133 123.

fundamental understanding of the cypzald reaction 10. A.P. Amrute, C. Mondelli, T. Schmidt, R. Hauert, J.

at the nanoscale with process sagbewas vital for P ®rReazm? ChemGalChenr013,5, 748,

. . . 1. M. Moser , tGar Réddr 2 gAu ePz Amr
research. tg rour.lsh |nt.o. Iargﬂzgle .appllcatlon. P®rRamM2 r ez | ChemCatChem
Accomplishing this ambitious objective was only p)- 10 1002/ccte.201300609.
possible through a strong collaborative relationshigp A p. Amrute, G. O. Larraz§bal
between academic and industrial stiEB. Future Ra m2 Angew, Chem. Int. E®2013,52, 9772.
perspectives in the growing area of halogen
recycling, including the oxidation of HBr and
oxyhalogenation reactions will be discussed.

in the manufacture of polyurethanes
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Excitons versus Free Charges: a to a records of 10.9% under standard conditions

Photophysical Picture of Tri- Halide [4]. As the operation of these cells is quite different
Organo-lead Perovskites for Highly Efficient  to the standard DSC device, a number of questions
Hybrid Solar Cells need to be answered. Here we will examine the

effea of Chlorine doping on the optoelectronic
pEo%err{ti%soof theCH;NH3Pbl compound, with a
particular focus on the functionalities of the
principal interfaces in the device. The nature of the
primary photeexcitation will be unveiledlt will be
shown that e primary photoexcitation at low
! Center for Nano Science and Technology ~ temperature is excitonic. However, the exciton is
@Polimi, Istituto Italiano di Tecnologia, via predominantly ionized at room temperature, leading

Giovanni Pascoli 70/3, 20133, Milan, Italy to spontaneous free charge generation establishing
the nonexcitonic solar cell operation [5].The
“University of Oxford, Clarendon Laboratory, Parks diffusion lengths of ie photoexcitation are found
Road, Oxford, OX1 3PU, United Kingdom >1 micrometer in the mixed halide perovskite, an
. _ order of magnitude greater than the absorption
In excitonic solar cells, where the primary -

. : . .2 depth. By contrast, the triiodide absorber has
photoexcitation is a bound exciton, a hetorojunctior: e
: . - electronhole diffusion lengths of ~100 nanometers
is needed to provide enough driving force t

0 I . -
: [6]. These results justify theidh efficiency of
generate free charges. Unfortunately, this results |["] . . Justity .gh y
S . : planar heterojunction perovskite solar cells, and
intrinsic  energetic losses, which although

: _ identify a critical parameter to optimize for future

conceivably surmantable have lead to relatively .
: - perovskite absorber development.

slow progress in efficiency over the last decade.
Noteworthy, in the last year, the scientific References:
community involved in the development of
demergingodo solar cell s [RlAvKeima, K.aleshimae¥d Shiai, §. Miyasaka s i o n
breakthroughs  employing ionic  crgdiine  Organometal halide perovskites as visilidgt
assemblies assuming gperovskite structure. sensitizers for photovoltaic cell3. Am. Chem. Soc.
Perovskites have been reported replacing the dye 31 6050 (2009).
dye-sensitize solar cells (DSC) with liquid [2]J. H.Heo, S. H.Im, J. H. Noh, T. N. Mandak C
electrolyte based (power conversion efficientys S Lim, J. A. Chang, Y. H. Lee, Him, A. Sarkar,
65%)[1] and solid state cells with Sp{WeTAD Md. K. NazeerUddin, M Gratzel and S. SeOk, Nature
and Conjjgated po|ymers as the soeBthte hole PhOtoniCS, DOI: 10.1038/NPHOTON.2013.80

conductor f# over9 %) [2], or as holeonductors [3] I- Chung, B. Lee, J. He, R. P. H. Chang, M. G.
(h = 8.5%)[3] These devices have generally shownKanatzidis, Altsolid-state dyesensitized solar cells
impressive photocurrent generation, while theith high efficiency Nature485, 486 (2012)

photovoltages  achieved ~ still indicated somel#l M- M. Lee, J. Teuscher, T. Miyasaka, T. N.
significant losses. Onearticular device concept, Murakami, H. J. Snaith, Scienc012, 338 643
where the mesoporous TiPerovskite 647.

heterojunction is removed, eludes this trefige 2] Grancini G. et al, manuscript submitted
Aimesoperstructured sol 40l StragkgeyalyScingch, aqeepted.g o 5 4 p
organometal mbhalide perovskite, CHNHzPDbL

«Cly, employed as light harvesting and electron

transporting layer and a spi@VMETAD as hole

transporter. A mesoporous 28k layer is employed

as insulating Ascaffoldd upon which the perovski
is deposited. The device exhibits exceptionally high

opengcircuit photovoltages of over 1.1 volts, despite

the relatively narrow absorber band gap, which lead

Giulia Grancini!, Val er i o ! BDérdelo n o
Alcocer', Samuel D. Stranks Michael M.
Le€’,Paola Brund, Guglielmo Lanzani, Henry J.
Snaith? and Annamaria Petrozza
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Catalytic activity of MoS,nanoparticles in
the hydrodeoxygenation of liqguefied wood  References:

Gleb Veryasoy Miha Grilc®, B 1 a ¢° Jarek o ¢1h M. Balat, 2006, Energy Souwes, Part A:
Leved®, Adolf Jesih®¢ Recovery, Utilization, and Environmental Effects

28, 517525.
2 Department of Inorganic Chemistry and [2] D. Mohan, C. Pittman and P. Steele, 2006,
Technol ogy, Jogef SENepyFHels30848t i t ut e
® | aboratory of Catalysis and Chemical Reaction [3] F. de Miguel Mercader, M. J. Groeneveld, S. R.

Engineering, National Institute of Chemistry ~ A. Kersten, N. W. J. Way, C. J. Schaverien and J.

¢ Chemical, Biochemical and environmental ~ A. Hogendoorn, 2010, Applied Catalysis B:

EngineeringFaculty of Chemistry and Chemical Environmental96, 57-66.
Technology, University Ljubljana [4] A. R. Ardiyanti, A. Gutierrez, M. L. Honkela, A.

9 CENN Nanocenter, Slovenia O. I. Krause and H. J. Heeres, 201Applied
Catalysis A: General07, 56-66.

The renewable energy sources, namely solar, wind,
hydroelectric, biomass and geothermal [1], are of
pri mary i nterest for t he worl dés futur e, S i
reserves of fossil primary energy carriers are
limited. Biomass in the form of vedl is one of the
oldest forms of energy source used by humans from
ancient times. Oil crisis in the miP70"
contributed to active efforts to convert
lignocellulosic biomass to liquid fuels [2].

Catalytic hydrodeoxygenation (HDO) is the step
allowing co-processing of biomasserived 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 MoScatalysts activity for HDO on a
real ' iquefied wo ot i kseadbmp | e . The Aurchin
molybdenum disulphide with a single unit size ~1
micron prepared from Mgla t 800 AC was found
highly active in HDO reaction. The material has
surface area 257y 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 aluated by eH, C-O and C=0
band intensities in IR spectra of HDO products.
Newly prepai &e ¢ axbiotedhalsm

an improved HDO rate compared to commercial
MoS,; powder.

16
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Shape dependent activity of ceridbased 100
catalysts in combustiornreactions %! Zzzoc Z
<8 czaa: i
Alessandro Trovarelfi, Eleonora Anegdi, % 701 czos 1

Carla de Leitenbur§and Jordi Llorce

®Dipartimento di Chimica. Fisica e Ambiente, :

Uni versit™ di Udi ne, U d o]
nstitut de T cniques Engud
i i

o) t u
it cnica de Catalunya,'ozo,

Po C

10

Rare earth elements have been largely used in the
last decade in catalyst formulations for a variety of % 1o 20 30 40 50 60 70 80 90 100

surface area (m%/g)
g:lc\)/(i:rfjsnsriZntl[q].thl'ehea:r?gst Osfigrk:iclzit(t:]an(t:h(;mtlfclzslsrargn%gure 1:Soot oxidation rate of ceria (CZ10@jrconia (CZ0)
earth elements are certainly lanthanum and ceriun"d céiaziconia samples against surface area
their axides being used as structural and electronisurface are directly correlated with the specific
promoters in several applications in the field ofactivity of soot oxidation and the decreasing
environmental catalysis. There are also severalependene of activity against surface area by
emerging applications or processes for which raréncreasing the amount of Zr is a measure of the
earth oxides are currently being activelylower tendency of Zrich compositions to modify
investigated. Morepecifically cerium oxide is used the exposure of reactive planes upon calcination.
in several applications for the energy sector as a key Catalysts  with different morphologies
component in catalyst materials for soot oxidation{(nanocubes and nanorods) wereoatsepared by
reforming, partial oxidation and water gas shifthydrothermal methods starting from ceria nitrate
reaction[2]. Other energyelated uses are in the and chloride according to literature. The findings on
fuel cell techntbgy where Ce® and other rare nanoshaped samples highlighted the higher activity
earth materials are fundamental components tof nanostructured materials compared to
reduce the operating temperature of solid oxide fuetonventional ceria powders in terms of either
cells[3]. overall activity and specific reaction rate. The
As a contribution to these areas, we have beeoxidation rate increases from 4 to 7 times compared
investigating in the last few years a number ofto conventional ceria powders. This is due to the
issues  concerning the preparation  andsimultaneous exposure of reactive surfaces and to
characterization of nanostructured and nanoshapdte relatively high surface area of nanoshaped
cerias as active materials for applications in CO andamples The increase of specific activity can be
soot combustion retion [4,5]. Several samples of correlated to the easier formation of oxygen
ceria and ceriairconia with different degrees of vacancies on the more reactive surfaces driven by
{111}/{100} surface exposure were prepared byreaction with carbon soot, confirming the role of the
careful ageing at increasing temperatures from 778dox of cerla in soot oxidation.
to 1273K. Surface morphology of samples
evidenced that Ce(articles aftercalcination at
high temperature expose, in addition to the more
stable {111} planes, welllefined and less stable
{100} and {110} planes. A similar behaviour was
found for cerifizirconia 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 Zr@rigure 1 shows Figure 2HRTEM images of ceria nanocubes and nanor
soot oxidation rate data measured at a reference
temperature of 723K against surface area for cer|[31 References: .
and ceriazirconia samples. The specific oxidation[1] A- Trovareliand P.  Fornasiero |
rate decreases with increasing surface area, howeVgY, C€ria and R “led. tingperial Ma t e r
the effect of surface area on activity is dependent ofg°!1€9€ Press, London, (2013).
the loading of zirconium. The higher is the loadingl2] R: J. GOrteAIChE Journab (2010) 1126.
of Zr, the lower is the effect of surface area o L3 M. Mongensens et alSolid State lonics129

At : : : : 2000) 63.
oxidation rate, with pure zirconia showing no( :
Iy o 4] E. Aneggi et al.Cat. Tod, 181 (2012) 108.
dependence of specific activity on surface area. TrIIE] E. Aneggi et al.Cat. Tod, 197 (2012) 119.

amount and type of reactive planes exposed on t

18
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Nanocrystalline Zr incorporated CeO, with g,&enm"‘g the bDéCZH?OZ ratio H 4 aai dit
superior redox properties as designated ifferent synthesis approaches and aging conditions

: : ) greatly influence the specific surface area of the
NiCo catalyst Carrg?é?r;?rzgoz CH4 methane prepared materialf?owders with the highest BET

surface area were obtained by glycothermal

.. Lo synthesis Table 1 and homogeneous
l . G. Osoj,niPk I,_E)F;rllnvoeveg ( ) g

. 2 ) ) Hrecipitation approach. Hydrothermal aging in
B. Erjavec’, A. Pintar alkaline solution yielded materials with well

developed internal structure, whereas during
combustim 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.

Catalytic dry reforming of methane enablesy) he premration methods yielded powdered
simultaneous utilization of two broadly %\Ccess'blesolids with high mobility of oxygen (Table 1) within
carbonaceous gases, £d CH( Eq . k= crystalline lattice structure. By glycothermal
+247 kJ/mol) to produce synthesis gas and thu

-, ) ging and combustion synthesis, nanocrystalline
providing a pathway for subsequent production o omogenous solid solutions of CeRxO, were

synthetic fuels or other fine chemicals [1]. The maingp4ineq (deo2, 111< 6 ™M), which displayed onre
engineering challenge in the dry reforming procesg ; o D re educti ’o n feature at

is rapid deactivation of conven_t!onal nickel based1n this temperature range structurally segregated
catalysts due to carbon deposition on the_c?‘taly%aterials (separate Ce@nd ZrQ crystal phases,
surface. Transitional metals feature high activity fordC o2 111> 10 nm) obtained by hydrothermal and

. . . e ,
CH, conversion, yet their capacity for €O pomogenous coprecipitation methods — express
activation is low. Therefore, superior redox considerably lower oxygen storage capacities.

properties of the carrier are crucial in order to Obtai'breliminary CQ-CH, reforming activity tests over
catalysts, prepared by various

suppoted transitional metal catalysts that EXhibitNi-Co/CeQ-ZrOZ
stable longerm performance in the reforming techniques, reveal that low,Hmount has to be

process [2]. In this study, we investigated the, eqent in the reactant feed during the transition
activity and stability of Ceoromoted Ni catalysts, rqcess from activation to reforming in order to

supported on thermally stable high surface areg,,intain active catalyst components in the metallic
CeQ-ZrO; prepaed by novel synthesis routes in aqate The 3 wt. % NTCo/CeQ-ZrO, tested catalyst
wide range of synthesis conditions. Powdered,,nits very promising carbon resiste
CeQ-ZrO, (80/20 wt. %) mixed oxides were properties, as during the reforming of undiluted
prepared by glycothermal (EG), hydrothermal (HT), el biogas streams (Fig. 1) negligibly low

homogeneous coprecipitation (HC) or combustion, o, nt of carbon was identified after the reaction.

L aboratory for Environmental Sciences and
Engineering, National Institute @hemistry,
Ljubljana, Slovenia
“Centre of Excellence for Low Carbon Technologie
(CONOT), Ljubljana, Slovenia

synthesis (PG) method. These synthesigupports 500 550 800 650 . 700 750 | 800
are the designated components for subsequent 50 %
emplacement with 3 wt. % NiCo alloy. The 14 :
synthesized catalysts and cezieconia supports a0t }:::::03
were thoroughly characterized by BET, SEHDX, S 3 " %" %
XRD, HTPR and pulse chemisorption methods. § , | * et e o .
X 2 e CH : o0 4q00% 0 dqp0

The performancef the catalysts was evaluated in a & i ; PR 34.; od< . ¥
tubular quartz fixedbed reactor (.D. =10 mm,R2 5 | [ & T T e
1.2 bar, T=500-8 00 ALCH, =AQ). The £%[ ¢ no T 2 .
reactor output was coupled to GC for online © ted Aaag,, Mg M, a,
analysis of discharged gas stream. 10F Sasaag,,,, eeseee?oootn’

Table 1.Morphological characteristiasf the selected supports: I L At :

BET surface area (8;), total pore volume (M), average size glasssss | ST T

of CeQ crystallites (@eo2. 11) and reducibility (C& - Ce*). 0 5 10 15 20

. Sger Ver dceoz, 111 | Ce*™-Ce* Time, h

Synthesis (m*g) | (cmlg) | (nm) (%) Fig. 1. Gas product stream composition in £CH, reforming
EG 1/30 121 0.20 5.4 67 (3 % Ni-Co/CeQ-ZrO, EG catalyst, WHSV =34 1/(gT h ) ) .
EG1/15 133 0.17 na. 60 References:

i ol Il ol I [1] Catal. Todayl44 (2009) 318323

PG 24 0.09 4.6 72 [2] Chem. Eng. J207-208 (2012) 299307.
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Nanostructured CuO-CeO, mixed oxide as a oxide is due to synergetic effects shifted to lower
catalyst for N,O decomposition temperatures, when c@ared to pure CuO (Fig. 1).
By increasing Cu content from 10 to 40 mol. %,
Maxim Zabilskiy?, Albin Pintar*® reduction peaks appear at lower temperatures.

Further increase of Cu content leads to broader
4Laboratory forEnvironmental Sciences and reduction peak, with the shift of a maximum to
Engineering, National Institute of Chemistry, higher temperatures. Accordingly to XRD
Hajdrihova 19, SI1001 Ljubljana, Slovenia examination, particle size of Ce@hase is nearly

5.5 nm. Segregated CuO phase is observed for

"Centre of Excell ence flsamples@ahrCo contenffabovendl mdl. Bgi e s o ,

Hajdrihova 19, S11001 Ljubljana, Slovenia Results of catalytic D decomposition runs are in

good agreement with CuO reducibility and XRD
Chemical technology of nitric acid productios examination data (Fig.2). The lower the
one of the main ways for fixation atmospherictemperature of reduction, the greater catalytic
nitrogen and the largest industrial source gON activity is. The highest activity is observed for the
emissions. Accordingly to the Kyoto Protocol, catalyst containing 40 mol. % of Cu. Catalyst
nitrous oxide (MO) is a strong greenhouse gas,surface modification by sodium oxalate further
which shows 310 and 21 times higher globalresults in higher activity by a factor ofve. The
warming potentia(GWP) as compared to those of prepared mesoporous C«teG solids show good
CO, and CH, respectively [1]. Thus, the catalytic stability, which was confirmed by long
development of new technologies for ,ON term stability tests performed in the period of 100 h.
decomposition in exhaughses is a challenging
task in chemical and environmental engineering. 030 e or cul

=:=-25mol. % Cu
Recently, a lot of research has been done with Cu 025q| -~ 35 mol. % Cu
based catalysts, which are active in nitrous oxide g0 |77 70 mol % Cu
decomposition reaction. Using CuCeQO, mixed .
oxide for catalytic degradation of 88 also shows

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

work was to investigate an influence of preparation

H, uptake, a.u

conditions on structural and catalytic properties of a 005 LN
novel nanostructured CuOeQ, mixed oxide. 000.] APt '

. . 100 150 200 250 300
The presented research deals with the preparation of %

a mesoporous CuQe( catalyst using hard
template method. K6 mesoporous silica was
impregnated by aqueous lgtions of copper and
cerium nitrates and calcined at 4%D. In order to
obtain CuGCe(Q, 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
nancstructured material was inverse replica of
mesoporous Kl silica, structure of which was

Figure 1. H, - TPR spectra of Cu@eQ; solids.

100

60

40 4

© | --m--10 mol. % Cu

2

N, O conversion, %

identified by N adsorption/desorption and lew 20 T¢ 5mo. % Cu
angle XRD analyses. Materials were further —— 35mol. % Cu

characterized by BET, SEM, XRD, ,APR, o & Sl o domo. %y
TGA/DSC, FTIR and TPD techniquesing various a0 38 400 450 500 550 600
probe molecules. Catalytic activity was investigated T,°C

in a fixedbed reactor operating in the temperature_. . .

range from 300 to 550°C with N,O feed Figure 2. Results of catalytic experiments.

concentration of 2500 ppmv (GHSV=45008) h
References:

BET surface area and average pore size of preparefi http://unfccc.int/di/DetailedByGas.do

sampes are negligibly dependent on chemical2] A. Adamski, W. Zajac, F. Zasada, Z. Sojka
composition and equal to 150%m and 3 nm, (2012) Catal. Today, 191, 129.

respectively. Accordingly to HTPR examination, [3] H. Zhou, Z. Huang, C. Sun, Rin, D. Xiong,
reductiontemperature ofCuO phase in the mixed W. Shen, H. Xu (2012) Appl. Catal. B, 125, 492.
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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 2001
impeller (hydrodynamic conditions), phase ratios of 100 ¥
reactants (dispersed and continuous phase ratios) o 1Al
and atoholysis catalyst contents, and served for Time i

model validation. Economics of the process were Figure 1: Identification of chemical species and single

finally evaluated in terms of alcoholysis cost andcompounds in a reacting mixture and comparison between the

price breakdown. The advantage of the presente‘@ft%rgatt&%?en;femircmj ;afmp'ei C;btnaigeld gufing fh? expvifiimfn; e
reactl_on kinetics mo_d_el IS I I.ts functionality upon 200 rpm, oil/alcohol ratio of 1:6 (mol/mol), and 0.8 wt.%
knowing thecomposition of oil resource, whereas c,aiyst per oil weight) at 0 min (a), 5 min (b), and 50 min (c);
ordinarily, kinetic parameters would be system the symbols represent gadoleoyl (G), linolenoyl (Ln), linoleoyl
specific. Proposed methodology may be usefullyL), oleoyl (O), palmitoyl (P)and stearoyl (S) radicals.

applied to transesterification syntheses employing (P). and 50 min (c); the symbols represent gadoleoy! (G),

: olenoyl (Ln), linoleoyl (L), oleoyl (O), palmitoyl (P), and
heterogeneous catalysis and enzymes, as well aroyl (S) radicals,

Intrinsic Kinetics of Transesterification various renewable resouscesuch as microalgae
Reactions for Biodiesel Production using lipids, waste oils, bioethanol, and biobutanol.
Homogeneous and Heterogeneous Catalysis References: , _ .
[ 1] I . Poljangek, B. Li kozar,
transfer and kinetics on biodiesel production process, Mass
Bl ag L3P JbrrezLewe?:b transfer in multiphase systems and its applications, InTech
43371458.
2 Laboratory of Catalysis and Chemical Reaction = [ 21 B. Klofutar, J. Golob, B. I
Engineering, National Institute of Chemistry poljangek, (2010), The trans
s ! : . : ! waste sunflower oils: Magsansfer and kinetics in a laboratory
Hajdrihova 19, 1000 Ljubljana, Slovenia batch reactor and in an industrilale reactor/sepaaatsetup,
® Faculty of Chemistry and Chemical Technology, Bi o resource Tec hnology, 101, 333
University L_Jubljana, Ad ol @ . bl jana
SlOVGnIa 1000 riglyceriaes
900 +
Transesterifiation of different oils using various - so- Dialyoerides |4
alcohols was studied utilizing homogeneous and £ 701 2 g ;nsjg
heterogeneous catalysis based on fatty acid £ °° s 8 . i 5|
composition of td, di- and monoglycerides, and  § ‘Pl § § @ 3
fatty acid alkyl esters, which were individually < 1= 5 3 ° & ,[|/ll
guantified by higkperformane liquid ol &z i i Egm
chromatography (Figure 1). Detailed reaction 100] E L glfgaa"
kinetics of oil transesterification were studied based e e
. . . .. 0 10 20 30 40
on mechanism and reaction scheme of individual Time min
triglyceride, diglyceride, monoglyceride, glycerol T e
and fatty acid methyl ester containing different 10001 §
combinations of gadoleic, linoleic, linolenic, oleic, wol 8 s
palmitic and stearic acids determined by high _ e0]3 & £
performance liquid chromatography. A model was & 72 & §
developed describing the chemical kinetics and § ¢4~ = %
thermodynamics, and transport phenomena during § DO rgiycerides
the transestditation to biodiesel. Prexponential < Lol -
factors and activation energies of individual 200] *
reactions were correlated with the molecular 100]
structure of reactants, intermediates and products. 04
Kinetic parameters were thus correlated with ’ T i
molecular structure in termsf chain lengths and T @ B vty o metytestrs
double bonds by response surface models. Mass | 1.+
transfer during initial emulsion phase was s00 8 2
acknowledged by determining diffusivities, aoon%%
=

Diglycerides
g o Triglycerides

Absorbance /ImAU

n
i 211P2p
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s
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The organic approachtoward an artificial
retina

Guglielmo Lanzani (1,2) Diego Ghezzi (3),
Mariarosa Antognazza (1), Fabio Benfenati (3)

1) Center for Nano Science and
Technology@PoliMi, Istituto Italiano di Tecnologia
Via Pascoli 70/3 20133 Milanb Italy
2) Dep.ofPhysics Politecnico di Milano Piazza L.
Da Vinci 32 20133 Miland Italy
3) Department of Neuroscience and
Neurotechnologies Istituto Italiano di Tecnologia
Via Morego 30 16163 Genovdtaly

Organic semiconductors can be used to reproduce
the natural retina photoreceptor spectral response in
standard photdiodes [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 tsnulation 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 dage 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 eal., Appl.
Phys. Lett90, 163509 (2007)

[2] M. Antognazza et alAppl. Phys.Lett 94,
243501 (2009)

[3] Diego Ghezziet al, Nat. Commur2,166
(2011)

[4] Diego Ghezzet al, Nat. PhotonicsAdvanced
On Line Pubblication
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Application of MoS2:P3HT blends as active
material in organic solar cells

P. Topolovsek, E. Pavlica, G. Bratina, A. Kovic, A.
Mrzel, C. Gadermaier and D. Mihailovic

Il nstitut Jogef Stefan, Complex Matter

Jamova 39, 1000 Ljubljana, Slovenija
CENN Nanocenter, Jamova 39, 1000 Ljubljana,
Slovenija
Laboratory for Organic Matter Physics, University

of Nova GoricaVi pavska 11c, 5270

Slovenija

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 finggrained blend of electron donor and
acceptor magrials (bulk heterojunction). In the most
common combination conjugated polymer/PCBM (a
soluble G derivative), an important limit on the
device efficiency are the rather low carrier
mobilities on both moieties. Here we propose highly
exfoliated Mo$ as a alternative electron acceptor.
MoS; is an ntype semiconductor which exhibits a
significant variation of bandgap energy values when
it is exfoliated to a few layer shekt®vith a LUMO
level similar to PCBM, its electron mobilftypf 200
cnfVist is five orders of magnitude higHethan
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:MoS and P3HT:EBM solar cells prepared
by spin casting and evaluate the optimal Mofass
concentration in the active layer.

References:

Mak, K. F.: Lee, C.; Hone, J.; Shan, J. and Heinz,
T. F. Atomically Thin MoS2: A New DireeGap
Semiconductor. PRL 105, 1368(#010).

’Lee, L. et al. Electrical Characteristics of
Molybdenum Disulfide Flakes Produced by Liquid

Exfoliation.A d v . Mater . 23, 41781

%Von Hauff, E.; Dyakonov, V., and Parisi, J.
Study of field effect mobility in PCBM films and
P3HT:PCBM bleds. Sol. Energ. Mat. Sol. Cells 87,
149156 (2005).Reference (Times New Roman,
normal, 11 pt, justified).

4182

Ajdovglina,

(2011) .
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Microscopic and spectroscopic investigation  Phdoluminescence spectra taken on both blend

of MoS, nanotubes/P3HT nanocomposites solutions and P3HT/MaNTs thin films revealed a
qguenching effect, which depends on concentration
of NTs [5]. We found the concentration threshold of

Ana Varlec', Shehab A Mansouf Tiziana Di MoS, NTs within P3HT, which may determine
Luccio®, Annalisa Brunc, Janez Jelent Maja charge transfer phemena between P3HT and
Remg'ar MoS, NTs.
'Condensed Matter Physics, Jozef Stefan Institute,Results of optical microscopy and spectroscopy
Jamova 39, 1000 Ljubljana, Slovenia investigations, scanning tunneling (STM) and
’ENEA UTTP NANO, Piazzale E. Fermi 1, 80055 conductive atomic force microscopy-A&M) and
Portici (Naples) Italy scanning electron microscopy studies will be shown.

*Basic Engineering Science Department, Faculty of
Engineering, Menofia University, Shebinl&bm, 2k
A Egypt -

Centre of Excellence Namaste, Jamova 39, 10005 ©
Ljubljana, Slovenia
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=3
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o
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o
)
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Organic/inorganic nanocomposites of conjugatec 400 vsv?velen:f:mm)m . . T oo 80?
polymers (electromlonating componegp and Figure 1 Optical absorption (a) and photolumine
semiconducting nanocrystals (electmecepting scence (b) spectra of pure P3HT and P3HT/MoS
Component) have been extensive|y studied ablTS thin fllmS for different relative P3HT/M@S
promising systems for photovoltaic energyconcentrations.

conversion. Among electron acceptors,

nanostructured metal oxidi§ and metal Acknowledgements The authors acknowledge
chalcogenidef?] have been previously used in Slovenian Research Agency and Centre of
photoactive layers in bulketerojunction (BHJ) Excellence Namaste for financiedupport. The
solar cells. Molybdenum disulphide (MgSis a COST Action MP0902 ACOI NA
semiconductor with an exceptionally high acknowledged for ~ promoting the present
absorbance of visible light. Its fundamental bangcollaboration work and supporting exchange of
gap is indirect (1.3 eV) and is followed hydirect _researchers through the short term scientific mission
gap at 1.85 eV. Electrical conductivity depends orinstrument.

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

structural defects. In single crystal bulk MoSC  References{l] W. J. Beek, M. M. Wienk, and R.
conductivity at RT is 0.1 S/cm and ‘4®G/cm in  A.Janssen, Adv. Matet6, 1009 (2004).

direction parallel and perpendicular to layers, [2] W.U.Huynh, J.J. Dittmer, W. C. Libby, G.
respectively{3]. A single monolayer of MoShas L Whiting, and A. P. Alivisatos, Adv. Funct. Mater.
shown relatively highvalues of charge carrier 13, 73 (2003).

mobility of ~60cn?/ ( VL s ) K [4.tDue2t& it Bl M. Virgek, N. Novak, C.
optical and electrical pperties, Mo$ has been M. Re mg kZa Kutnjaka h Appl. Phys112,

considered as a promising material for photovoltaid 03710 (2012). o
applications [4] B. Radisavljevic, M. B. Whitwick, and A.

Kis, Appl. Phys. Lett102 059901 (2013).

We will present investigations on blends of [5] A. Varlec, S. Mansour, T. Di Luccio, C.
conductive polymer poly(Bexylthiophene) (P3HT) Borri el l o, A. Bruno, J. J
and size controlled MgShanotubes (NTs). Blends Re mg k ar , P h§obdi A $subenitteds
were prepared focusing on procedures which do nd€eptember 2013)
alter electrical and optical properties of nanotubes,
i.e. without surfactants. After disassembly of as
grown hedgehogike selfassemblies of the MgS
NTs, relatively homogeneousisgersions 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.
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The increased efficiency of P3HT:PCBM solar
cells with addition of MoSI nanowires

AIeksejMajkj, ChristopMeveBader mai er ,
Lel i IGvi do Brati na, Dragan Mi hai l

Jogef St ef @mpldx Matteepartrheat,
CENN Nanocenter
University of Nova Gorica, Laboratory of Organic
Matter Physics
nevena.celi@ijs.si

The photovoltaic properties of Mo®&mbedded
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 expeet, potentially significantly
increasing the cell efficiency. The Me8mbedded
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 M&l-embedded cells
exhibited an open circuit voltage increase of 0.04 V.

References:

[1] A. Omerzu, A. Majkil,
Lukan, G. Bavdek, G. Bratina, D. Cvetko, P.
Topolovsek and D. Mihailovicjonization energy
and Energy gap structure oMoSI molecular
nanowires: kelvin probe, ultraviolet photoelectron
spectroscopy and cyclic voltammetry measurements
Langmuir(2011)

[2] V. Nicolosi, D. Vrbanic,A. MrzelJd.
Mc Caul ey, S.
Compagnini,D. Mihailovic W. J. Blau,J. N.
Coleman, Solubility of M@S;sl,s Nanowires in
Common Solvents: A Sedimentation StudyPhys.
Chem. B 109 (2005) 7124133.

[3] D. N. McCarthy , V. NicolosiM. Strojnik,
D. Vengust, D. Mihailovic, G. Compagnini, W. J.
Blau , J. N. ColemarDispersionand purification of
MosSile nanowires in organic solventdournal of
Applied Physics 101 (2007) 014317/01431%710
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Manganesefunctionalised zeolite silicalitel in assume tht, most likely, the hydrophilic pores of
lithium sulphur batteries silicates reversibly adsorb/absorb the lithium
‘ . ' polysulphides and release them near the end of
Vida Lapornik, Dar j d, RobarDoreinkg  discharge.
Nat aga Noaamaé& Mugan"Gaber gl ek

. References:
'National Institute of Chemistry, Hajdrihova 19-SI * Ji, X.; Evers, S.; Black, R.; Nazar, L. Nat.
1000 Ljubljana, Slovenia Commun2011, 2, 325.
"Faculty of Chemistry and Chemical Technology? Demir-Cakan, R.; Matrette, M.; Nouar, F.;
Agker | elod® LjdljanaSlbvenia Davoisne, C.; Devic, T.; Gonbeau, D.; Dominko,

R. ; Serr e, c.,; F®Am.Y , G.

Chem. So2011 113, 16154.
Due to their low cost and high energy density’Ma u | eRiplomla thesisLjubljana2008
rechargeable L8 batteries are among the most®Cecowski S.Doctoral thesisLjubljana 2011
promising energy storage devices. Sulphur has a
theoretical gravimetric energy density up to five
times greater than that of present lithiion battery
technologies. Despite these advantages, massive
implementation of LiS 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 (§ ) - intermediate reaction species formed
on charge and dischargérom the cathode into the
electrolyte. The polysulphide anions act as an e e o
internal redox shuttle, which gives rise to low ot T e pA w
columbic efficiency.Recently, improved capacity Cyele number

fading of cathodecomposite has been achieved by  Figure 1: Comparison of cycle efficiency and

combining mesoporous carbon, mesoporous silicgischarge capacity of best mesoporous silicates and
(SBA-15), and elemental sulphtif. zeolites.
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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 purposekcorporation

of transition metals into their framework generates
different types of catalytically active sites.

Manganese functionalised silicalite (MnS1)
crystalswith particle size of 100 to 200 nm were 0
synthesized hydrothermally via classical and Cyell number

microwave procedures. MAB synthesized under Figure 2: Discharge capacity for zeolite MFIS

classical procedure contains Mactivesites in the it different manganese active sites and without
framework whereas Mn$ synthesized under manganese (3).

microwave procedure possessextraframework
Mn** active sites in the form of manganese oxitfes

)
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In this presentation we report a good capacity
retention of the LS 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
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Towards realizing magnetic materials and graphene nanoribbon&ature Phys7, 616 (2011).
nanostructures based on graphene: [8] X. Zhanget al., Experimentally Engineering the
a theoristos per s Edge Termination of Graphene NanoribboACS
Nano7, 198 (2012).

Oleg V. Yazyev

Institute of Theoretical Physics,
Ecole Polytechnique F®d®rale de Lausanne (EPFL),
CH-1015 Lausanne, Switzerland

Graphene is awo-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, | will focus on our theory efforts
directed toweds creating graphersased
magnetic materials and nanostructures with
potential applications in spintronics [1]. In
particular, | will discuss the scenarios of
ferromagnetic and antiferromagnetic ordering
in graphene nanostructures of various
dimensionalies: finitesize 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 scanningneifing
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 electrorelectron interactions

References:

[1] O. V. Yazyev,Emergence of magnetism in graphene
materials and nanostructuresRep. Prog. Phys.73,
056501 (2010).

[2] W. L. Wang, O. V. Yazyev, S. Meng, and E. Kaxiras,
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[5] O. V. Yazyev and L. Helm,Defectinduced
magnetism in graphenfhys. Rev. B5, 125408 (2007).
[6] O. V. Yazyev,Magnetism in Disordered Graphene
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(2008).
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Selfassembly of lipoguanosine derivatives on behaviour. While the derivative with two
surfaces decanoyl chains exhibits liquid expanded as
well as liquid condensed phase, the derivative

Luci j 3Mhadeyetakl r e na Dr e v WithgtwR hexadecanoylchains reveals only
Oleni*®, Mar t3h Lopi | condensed analogous phase with a collapse

pressure of 49 mN/m. BAM and AFM images

#Faculty of Mathematics and Physics, University of show formation of very homogeneous films

Ljubljana, Jadranska 19, 1000 Ljubljana, Slovenia  yith high surface coverage in the case of both
bDepartment ofComplexMatter, J. Stefan Institute, double chain derivatives.

Jamova 39, 1000 Ljubljana, Slovenia

°Center of Excelender Polymer Materials and References:
Technol ogi es, Tehnol ogK1]S. peaarekal. (2089), GuafoSire hydrpglwandeq a n a ,
Slovenia scaffolds: A new way to control the bottamp

4CENN Nanocenter, Jamova 39, 1000 Ljubljana realisation of weldefined nanoarchitectures, Chem.
Eur. J., 15, 77942806.

Basic blocks of DNA are very [ 2] L. Loga et al., (2013)
interesting constituents for designing differentThe special behaviour of guanosine, Coll@idtface B,
supramolecular assemblies. 103, 4551.

Among nucleobases, guanine and its derivative[l_é"gngﬂrhui%‘l’g%‘;net fﬁlﬁs(zgfm)l’ipgggiﬁge ;&gjﬁgﬁem
are of particular interest due to their ability to=*%"" .
self—ass%ciate into stable structures, diffgrenfjenvat'vs’ Appl. rf. Sci., 256, 202843
from standard Watse@rick base pairing :
related assemblies [1].
Our recent studies of monolayer films of
nucleoside derivatives at the -aater interface
(Langmuir films) also revealed a unique
behaviour of guanosine derivatives [2]. In
addition, we foundhat the number of lipophilic
chains attached to the sugar hydroxyl groups
strongly affects the molecular assembly of
guanosine derivatives in LangniBiodgett
(LB) films [3].

Self-assembling properties of guanosine
derivatives with one and two lipophilichains
of different lengths (aliphatic chains of 10 and
16 carbons) at the awater interface and after
transfer to different solid substrates (mica,
Si0,) have been studied by film balance
experiments, Brewster angle microscopy
(BAM) and atomic force mioscopy (AFM).
Both derivatives with one lipophilic chain ' '
(decanoyl or hexadecanoyl chain) exhibitFi_gure 1: Self-assembly of 'guanosine der_ivative
similar spreading behaviour with profound firstWith one hexadecanoyl chain (a) at the air water
order phase transition from the liquid expandederface (BAM) and (b) after transfer to Si/SiO
to the liquid condensed phase. Higher collapsaubsu""te (AFM).

pressure in t case of longer chain derivative is Acknowledgements: The authors  gratefully
aftributed to better balance between hydrophilig,cxnowledge the CENN Nanocenter for the use of
headgroup and hydrophobic chain.  Bothatomic forcemicroscope and imaging ellipsometer.
derivatives form ribbon like structures which The authors also acknowledge the COST Action
are formed already on water surface and themP0802 for supporting scientific exchanges and
remain practically unmodified after trdes to  promoting fruitful collaborations.

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

double chain derivatives exhibit more diverse
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Photoelectrochemical investigation of textured  Reference:1) J. W. Moore, C. L. Stanitski, P. C.

porous CuO thin films prepared from Jurs, Principles of Chemistry: The molecular
electrodeposited CuCl Science Brooks/Cole Cengage Learning: Belmont
CA, 2010.
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Here we report a novel route for electrodeposition Cu,0+HO+2e
of CuCl films on fluorine doped tin oxide (FTO) ASUT U
electrodes. Theelectrodeposition of CuCl was PO | | @ 2cu0+HO+2e
carried out in a twelectrode cell in the presence of - 7\7?;71 Cu,0+20H pt

CU* and Cl ions. Detailed analysis confirmed that ~ !
reduction of C&" to Cu" happens at the vicinity of
the FTO electrode, which in the presence of excess

(b)

. . . < 0.0
CI" ions favorsthe formation of insoluble CuCl 3 X005
phase. Due to the relatively low solubility product E 0.3
constant Ks) of CuCl in water which is in the L; o
order of K=1.9107 we were able to B 0.6 g0e
electrodeposit this material on FTO substratése 3 ool Soa
obtained CuCl film is dense and the film thickness = §02
is in the order of ~8m. This electrodeposition %'1-2' 5
process also holds for the preparation of CuBr thin O 415 GO T a0

films. Annealing of the aprepared CuCl films at : : : — el :
380 AcC, 420 ACcC, and 460 AC,00jG2 04j036 08y%0el2ded CuO
phase. Figure 1 shows SEM images taken from a Potential vs. RHEY(V)

representative CuO sample that was annealed at 46@gure 1. (a) Operational principlesf the PEC cell.

AC. The obtained CcuO f i(p)urentdensiyijvg potendakaf GuOdilms undet a u r
with average grain sizes in the order~&00 nm. 100 mWi/cniilluminations obtained with chopped
Detailed Xray diffraction (XRD) studies confirmed lightin 0.5 M NaSQ, aqueous solution. The inset in

that conplete transformation of CuCl to CuO phase(b) is the photocurrent recorded at 0.0 V RHE.
happens at temperatures above 420 AC for 30 min.
The obtained CuO films were tested for water

splitting reaction in a threelectrode configuration

cell (Fig.1). The highest obtained photocurrent

density is in theorder of~1.5 mA/cnf at 0.0 V vs.

reversible hydrogen electrode, RHE, for the sample

anneal ed at 460 AC. We attributed this observed
photocurrent response to photocorrosion which

happens on the CuO electrode surface. Furthermore,

the photoresponce of theuO electrodes were also

studied in the presence of/lf redox couple in

propylene carbonate solution. The experiments in

I/l redox couple confirmed that the

photoresponce  arises entirely from the

photogenerated current in the CuO films. By

employing 1/l3° redox couple we conclude that the

films are stable in noeaqueous 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 peparation of textured porous

CuO films for light harvesting applications.

33



SLONANO 2013, Ljubljana, Slove2825 October 2013

Novel chemical routes for the alkali metal on triphenylide was controlled by molar ratio
Adopingo of polycycl i c beweernmdtal @asdivmdang eiphetylemesin
and characterization of their physical properties || cases. Results show that reactions in solution
_ . . lead to more homo%eneous and crystalline
Gagper TDa viar " '?" €9 Gt Bbdud@d, "vihile 2dlid Osthte P Rachond 'ake:
ents ron unsuitable for the same task because of surface
Jogef Stefan | nslLjuiblfanat e ,pasgl\g:l%)g 91‘5ea%ta@t§ 1000
: All the products wee characterized by -xay
Slovenia : _
powder diffraction, Raman spectroscopy,

Superconducting materials,e. materials in Electron paramagnetic resonance and SQUID
which the resistance completely vanishes anfhagnetometer.

magnetic field is expelled below a transition
temperature, T;, hold a great promise in
addressing current global priority issues such as
energy ad the environment. Possible
alternative to current cuprate superconductors
may r e paomgugated iolecular solids, as
was proven in the case of fulleride
superconductivity:> Superconductivity was
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2. A.Y.Ganin et al.Nature466, 221 (2010).

3. R. Mitsuhashi et alNature464, 76 (2010).
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reported for the first time in polyaromatic | 1316476 (2011).
molecularsolid al kal i metal @AdopedoO aromati c _
five-ring hydrocarbon system picenepB8:4° Figure 1: Solid state preparation of potassium

thus showing t halectronh®@PheWlidér » o nt o f
superconductivity is indeed very promising.
Alkali met al Afdopedo arom
picene, which most probably forms aromatic
radical anion, is thus completely new class of
molecular organic highemperature
superconductor, which are at present poorly
understood. Very recently the superconductivity
has been reported al s
phenantrends in potassiurdoped 1,2:8,9
dibenozpentacendl{ = 28 Ky and potassium
doped coronen&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 technigs 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 lagg 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
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AWIi th a |
Picene story + G

ttl e

Andrea Goldonj* G. Di Santo! P. Parissé L.
Petaccia® L. Floreano? A. Verdini> M. Panighel? C.
Struzzi! M. Caputd

!STINSTM Lab.Elettra- Sincrotrone Trieste S.C.p.A.,
s.s. 14 km 163.5 in Area Science Park, 34149 Trieste,
Italy

2TASCLab.,IOM - CNR s.s. 14 km 163.5 in Area
Science Park, 34149 Trieste, Italy

Mitsuhashi et al. [1] showed thatpmlycyclic aromatic
compound, the picene molecule, undergoes a
superconducting phase transition when doped with alkali
metals, with T around 18 K. The picene molecule
consists of five benzene rings arranged in a zigzag
manner. Theoretical studies opplicene showed that the
superconductivity <could
(intramolecular) coupling, as in the case afCi [2,3].
On the other handyther DFT calculations showed that
Kepi cene turns into a Mottrl
unit cell experénces an enlargement of 5%4] like
observed in g compounds. Therefore, a fundamental
guestion has to be addressed: do correlation effects and
crystal arrangements play a decisive role in doped picene
electronic structure and superconductivity as indase

of Cgo compounds?

be

Here we studied the electronic structure and the
geometric arrangement of picene molecules adsorbed on
Ag(111) by meansf photoemission and neadge Xray
absorption finestructure spectroscopies (NEXAFS). The
NEXAFS profiles of dfferent picene layers show a
coveragedependent orientation, from flat molecules
(monolayer) ® an orientationD4 O #r 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 af picene multilayer
there is noevidence of metallic states evolving with
doping as was also observed by other authors &]r
data suggest that the bulk ultrahighicuum films of K-
picene are in an insulating phase, and we attribute this
behavior t o a strong el
interaction that is instead screened in the monolayer.

However, the comparison with G suggess that the
couple Go/picene may behave as an electron
Acceptor/Donor system. The growth of multilayer of
mixed Go/picene molecules indicates that metallic
systems can be observed by photoemission and
further metallic layers are obtained by doping with K.

h e | pRefefeneeo m a
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Hysteretic current-voltage characteristics of oscillations of both the order parameter and
superconducting channels electric yled occur in t
o down, the periodic dynamics ceases at certain
Vladimir V. BaranoV, Alexander G. Balanoy retrapping current valug K jsw. Shunting the

Viktor V. Kabanov

'Depart ment for Compl e>§1
Institute, Jamova 39, 1000 Ljubljana, Slovenia

whil

channel by a resistor increases the valug,of

| | . Thus, f
TN s S

shupénd fw

eventually coincide, and the hysteretic loop

Department of Physics, Loughborough University,_disappearfs- We reveal .dynamicall regimes
LE11 3TU Loughborough, United Kingdom involved in the hysteresis, and discuss the
bifurcation transitions betves them.

The properties of the resistive state of

The authors aknowlededge European

the narrow superconducting channels olUnion Framework Programme 7 for financial

different lengths are investigated by directsupport.

numerical integration of the tirgependent
GinzburgLandau equations (TDGLES) [1]. We
have demonstrated that singularities of the

References:

[1] L.P. Gor'kov, N.B. Kopnin, Usp. Fiz. Nauk

currentvoltage characteristics (CVCs) 116, 413 (1975) [Sov. Phys. Usp. 18, 496 (1975)].

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 resise state in narrow
superconducting channels shunted by an

external resistor depends

the applied current j, and parameter u
characterizing the penetration depth of the
el ectric yel d i n t
superconductors. We show thahanging u
dramatically aects 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 valug, which
does not depend on L, the phaslip centers
appear simultaneously atadirent spots of the
channel. Herewith, for u >.uthese 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 valuguwhich depends on L,
the curremvoltage characteristic exhibits the
step-like behaviour. However, for u >cuit
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 vatijs,, and time periodic

he

[2] M. Lu-dac and V. V. Kabanov, Phys. Rev. B
79,184521 (2009).
[3] V. V. Baranov, A. G. Balanov, V. V.
banov, Phys. Rev. B 87, 174516 (2013).

on channel 6s | ength

nonequilibrium
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Carbon nanotube thin films for flexible integrated circuits (ICs) such as basic logic gates
electronics applicatiors (NOR and NAND), 2istage ring oscillators, reset
set flipflops (RSFFs), and delay flilops (D-FFs)
Yutaka Ohno were demonstrated on a transparent plastic film as
shown in Fig. 1.
Department of Quantum Engineering, Nagoya All-carbon TFTs and ICs, in which the
University, Nagoya 468603, Japan electrodes and interconnections consist of CNT film

and the insulators consist of PMMA, have also been

Flexible and stretchable electronics are attractingealized [3]. The devices had aroptical
much attention because of the variety of possibléransparency of ~80%. Various kinds of functional
new applications fromflexible epapers though ICs were demonstrated at relatively low operation
sensors and medical devices having an affinity wittyoltage of 5 V even for the thick polymer gate
human body. Among various kinds of electronicinsulator. A bending test verified the good
materials, carbon nanotube (CNT) thin films haveflexibility of the all-carbon devices. Moreover, the
advantages in flexibility, stretchability, all-carbon devices exhibit unique moldability,
performance, and cost because of the e Which is quite important property of plastic
electronic and mechanical properties andnateri als to produce pl
processability. Their optical transparency alsooys through electronics devices and medical
attractive to realize transparent electron devites. devices. We demonstrated thidienensional dome

my presentation, | will talk about recent progresseshape devices formed byhet thermepressure

on flexible electronics based on CNT thin films, forming technique, in which devices were stretched

including our recent works on transparentbi-axially by up to 18%.

conductive film (TCF) app“cations and thin film Printing process is also attractive to fabricate

transistor (TFT) applications.. devices on a plastic film at low cost. We have
To produce TCF devices based on CNTs attroduced higkthroughput flexographic printing

ultimately low costwe have developed a techniquetechnique, which is a kind of highspeed

for onestep micrepatterning of agrown CNT typographic printing technique Wlth aflexible_ I'eli.ef

films on a plastic substrate with sap-nm Plate made of photopolymer, in the fabrication

resolution on the basis of the dry transfer procesBrocess of CNT TFTs [4]. Bottogatetype CNT

[1]. By utilizing this technique, we demonstrated theT FTS were fabricated by fully lithograpfisee and

novel highperformance flexible CNT TCF with a nonvacuum process on a PEN filmhe device

micro-grid structure, which enabled improvement oféxhibited a high mobility of 157 citvs. As both

the performance over the tradeoff between the shedhe transfer and flexographic printing processes are

resistance and transmittance of a conventiongiompatible — with — rolto-roll ~processes, this

singlelayered CNT film. The sheet resistance wascOmbination can provide a platform for the high

reduced by 46% by adding the migydd. We also  SPeed manufacturing of higierformance flexible

demonstrated easy fabrication of mudtich ~devices at low cost.

projected capadite sensors with 123 12

electrodes. The technique is quite promising foféferences: _

energysaving production of transparent conductorll] N- Fukaya et al. (submitted)

devices with 100% material utilization. [2] D-M. Sun et al, Nature Nanotech. 6, 156
We have also developed a method to realiz&2011).

high-mobility CNT thin films, based on a gatag  [3] D--M. Sun et al., Nature Commun. 4, 2302

filtration and transfer process [2]. CNTs were grown(2013)- _

by a floatingcatalyst CVD technique, wherein [4] Higuchi et al., Appl. Phys. Express 6, 085101

catalyst particles were produced by decompositioﬁzom)-

of ferrocene vapor in the source gas. The CNT

network was collected by filtering through

membrane filtersat 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 ai Substrate with

the transfer technique exhibited a high mobility of

634 cmi/Vs with on/off ratio of 81CF. Various Figure 1: CNT ICs fabricated on flexible, transparent
’ plastic film.
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Modified titanate nanotubes as promising negative influence on the radical reaction
photocatalysts for degradation of bisphenol mechanism, leading to a weaker activity of
A solution these crystalline solids in the examined
reaction.
Bogtjan® EAlj mvea > Rénat@t ov i |
Kaplarf, Albin Pintar*®

#National Institute ofChemistry, Hajdrihova 19, S| o TNT
1001 Ljubljana, Slovenia |, - TNT_H,O, 1min
PCentre of Excellence B W Car bon =~ ™IRO

Technol ogi es o,-108tajuldiana, hova 19 S T INT %00 Ho_ 1
Slovenia E

1+

The development of semiconductors that are
designed to exploit visible light has been a field
of growing inerest during the last years, in
order to carry out oxidation/mineralization °[ 1 1 1 1 1 1
reactions wunder Agreen?cHie i s PCr*Po™@c®ndt tions
using oxygen or air as reactant [1]. In thi‘lq:igure 1: Compari:grvweleg?‘mg\n;vls-DR spectra of

study, several high specific surface area titanafgisiine heatreated and functionalized TNFased
nanotubebased photocatalysts Wer€photocatalysts.

syrthesized, followed by their thorough

characterization and investigation of potential

for mineralization of model organic compound

bisphenol A (BPA), which is a weknown o) | e
representative  of  endocrine  disrupting
chemicals (EDCs). The synthesis and
charactedation details of pristine and heat =
treated titanate nanotubes (TNTs) are®
thoroughly described in our recent work [2].
The asprepared and heateated TNTs were
exposed to concentrated®} for different time O:O , .

periods, in order to modify surface properties " weaw "
Such surface functionalization at ambienFigure 2: Comparison of BPA degradation obtain
conditions enabled formation of titanium(IV)in the presence of pristine, functionalized and
peroxacomplexes only on surfaces that werdreated TNTbased photocatalysts.

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

the sample calcined at 500 AC (OH groups were
stripped off) and subsequentitreated with References:

H20, does not exhibit a hump at 420 nm in theiow[lt]er(rf : e(?:trzjtﬁeuse;tr?é’si(sz'osltgygiigOpeﬁogr%abc){ivit
acquired ~ UWIS-DR  (Figure  1). b y : Y, P y

. . nd singlet oxygen formation in the visible range
Functionalization of TNTs enabled enhance hotochem. Photobiol. 216, 201.

BPA photodegradation compared to the pristine [2] B. Erjavec et. al, (2013)Catalytic wet air
TNT sample (Figure 2). More than a thffieéd  oxidation of bisphenol A model solution in a trickle
increase in BPA removal effency was bed reator over titanate nanotuliased catalysts
achieved with a simple 1 h pteeatment of Appl. Catal. B, 132133,342

TNTs with HO,. On contrary, when the

calcined sample was pteeated with HO,, the

photocatalytic  performance was worsen

(sample TNT_500 kD, 1h), since defect sites

(oxygen vacancies) on these anatgmrticles

were almost recovered to a stoichiometric ratio

of TiO, after HO, treatment. In turn, this had a

VA Titanium(IlV) peroxo-complexes

Absorbance (a.u

O L o i |

—E—TNT

—A— TNT_500

—O0—TNT_H,0, 1min
2O

—8—TNT_H,0, 1h
2O

—A— TNT_500_H,0,_1h
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Catalytic wet air oxidation of nonbiodegradable t emper at ur e t o 210 AcC, r
organic chemicals in the presence of titanate conversion of BR (Fig. 1), accompanied with 68.6
nanotubes % of TOC removal. The influence of naatalytic

WAO was examined over catalytically naotive
R. Kaplan®, B. Erjaved, T.  T.iAgRinar? SiC particles (BET surface area < 0.F/gh In
!National Institute of Chemistry, Hajdrihova 19,-SI comparison to the CWAOQ over titanate nanotube

1001 Ljubljana, Slovenia. based catalyst, BPA conversiorasvdecreased for
‘Centre of Excellence filoenws0@é&ighlpn Technol ogi es o,
Hajdrihova 19, SI1001 Ljubljana, Slovenia. ) i LB i
Introduction opat

Bisphenol A (BPA) is an aromatic organic
compound, which is widely used in tipeoduction
of polycarbonates and epoxy resins. It is classified

60 |-

@ 0000000000 o 00000,

BPA conversion (%)

as an endocrine disrupting compound (EDC). The Bk m o
purpose of this work was to synthesise and £ ot
characterise titanateanotube based catalysts, and % » o % %

time (h)
Figure 1: BPA conversion as a function of time in
t he presence of Sib&sed ( 300
catal yst ( 3rbaded mwegalyst 00, mg, Ti O
z) .

subsequently examine their catalytic properties in
the CWAOQO process carried out in a thpease
trickle-bed reactor, with or without implementation
of recycle.

Experimental/methodology , . o
The catalysts were prepared via hydrotherma-lrhe implementation of recycle resulted in improved

synthesis path. The solids were examined with gonversmns ofreated BPA, referring to the above

series of advanced techais (XRD, SEM, EDX presented results. Complete BPA removal was

. achieved during both experiments (5 or-faf
CHNS elemental analysis, FTIR, UW¥IS-DR and . X ;
BET), which is described in detail elsewhere [1].F°Y¢/®): While TOC conversion was increased by

CWAO experiments were conducted in thencreasing the number of recycles (Fig. 2). More

0 :
Microactivity-Reference unit (PID Eng&Tech, th_an 80 % of organic compoundzre successfully

: i erali % leaving only estrogenically ragtive ‘
Spain), mait n ly at 200 . A{‘sT#lrt ch%ei Cagoox%]icagcidso(aps c nﬁ};rlne% by gres:
and a@atalyst loading of 300 mg. Feed solutlonand HPLC analysis)
containing 10 mg/l of BPA was fed continuously ysIS)-

and cecurrently with pure oxygen into the trickle SR
bed reactor operating in the LIR regime. Moreover, o N —

experiments with the implementation of recycle
were conducted, whe the treated liquid phase was
recycled (5 or 18old recycle). The efficiency of
the CWAO process was assessed by determining the
conversion of model pollutant BPA and eventual
intermediates, formed during the oxidative [ 3
degradation, by means of advanceahalytical Y e

techniques (HPLC, TOC, IC, UVIS, LC-MS-MS,  Figure 2: BPA and TOC conversions achieved in
GCGMS). the batckrecycle tricklebed reactor.

X(TOC) (%)

x(BPA) (%
Z / /

Results and discussion Conclusions

The starting material exhibited remarkably highThis novel catalysts proved to be very efficient for
BET surface area of 380 °fg. Therefore, the the destruction of organic molecules like BPA in the
starting surface area ensures numerous active Sites\yAO process. The implementation of recycle
that enable oxidative degradation of BPA. In theresylted in complete BPA conversion achieved

presence of the catalyst rammgalaged Bdo 6RE, ARcc omp
showed fully transformed anatase structure withroC conversior{10-fold recycle).

crystallites under 20 nm, remarkald®A and TOC

conversions of 89.9 and 69.2 % were obtainedreferences

respectively, after achieving dynamic equilibrium [1] B . Erjavec, R . Kapl an, P
between the gas, liquid and solid phase. The  Appl. Catal. B: Environ132 133 (2013) 342.

increase of catalyst loading to 500 mg and
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Heteroagglomeration of two types of agglomerates. The surfaces of the nanoparticles
nanoparticles in an aqueous suspension were specifically functionalized using silane
molecules with amino or carboxyl terminal
Pet er “DAegka Mertel}, Slavko Kralf, functional groups. Finally, both types of
Darko Makoved?* nanoparticles were heteroagglomerated in their

agueous suspensions due the electrostatic
1 Department for Mat er iathdctiveS yntaractioass hesveen the (nanbparfictee f a r
Institute, Jamova 39, Ljubljana, 1000, Slovenia displaying opposite electric surface charges in
2 Jogef Stefan | nt er na suspemsiars with gasiablg ipnicdtrergthe School

Jamova 39, 1000 Ljubljana, Slovenia The aim of this work was to study the influence of
3 Complex Matter, Jog e fonicSstrenfitla on then sdloidal wstakelity olehmo v a
39,1000 Ljubljana, Slovenia suspensions and its influence on the
4 CENN Nanocenter, Jamova39, Ljubljana, heteroagglomeration of nanoparticles in the model
Slovenia system. The carboxyunctionalized maghemite

nanoparticles with their size of around 20 nm and
Superparamagnetic nanoparticles are promisinthe aminefunctionalized silica nanoparticles with a
materials for a wide range of applications insize of around 108m were used as a model system.
biomedicine, e.g., drudelivery vehicles, contrast The ionic strength was controlled by adding the
agents in magnetic resonance imagirend monovalent electrolyte (KCI).
biotechnology, e.g., magnetic separation. The mosthe heteroagglomeration between the negatively
frequently used nanoparticles in the abovecharged maghemite nanoparticles and the positively
mentioned appl i cat-FeDg s charged silimea gahopariclés ewerd studied as a
nanoparticles, because their synthesis is inexpensivenction of the ionic strength of both types of initial
and they are approved by the U.S. Food and Druguspension.
Administration (FDA) for therapeutic use in The initial suspensions of the functionalized
humans. Such nanoparticles are usually coated aménoparticles and the  heteroagglomerates
functionalized with surfactants or polymers thatsynthesized in the suspensions were characterized
stabilize the nanoparticles in suspension and providasing electrekinetic measurements of the zeta
adjustable surface properties for the specifiotential, dynamic light scattering (DLS) and
application of inteest. transmission electron microscopy (TEM).
The study of colloidal stability and the controlled The results suggest that the change of ionic strength
aggregation kinetics of nanoparticles has been aof the suspensions has an effect on the coverage of
important aspect of colloid science. The Derjaguinthe larger silica nanoparticle in the core of the
LandauVerwey-Overbeek (DLVO) theory heteroagglomeratewith the small maghemite
describes colloidal stability and it could be used tamanoparticles due to attractive electrostatic
explainthe electrostatic stability of nanoparticles ininteractions.
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 behavioof nanoparticles in different
colloidal systems is still not well understood. In
agueous suspensions, the aggregation of
nanoparticles is due to the interaction between the
nanoparticle surfaces and the agqueous components, |
and is strongly influenced by senal factors such as
the ionic strength, the concentration of suspended
nanoparticles, and other suspension components.
The pH value of the suspension is another ver .
imporgant factor affectiﬂg the nanopamcle¥|(?:-teroagglomerates (@) without added KCl and (b)
agglomeration, especially at the pH of theW'th added KCl.
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 superparamagne

Figure 1: TEM photograph of formed
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NEXAFS Measurements of Nanoribbons: differences beyond the firsi nearesneighbour
Nanoscale Spectroscopy with Polarized -Xays. shell rather than distortion of individual octahedra.

Carla Bittencourt! PolonaUmekkP et er °Kr
and Peter Guttmanf

TiL2,3 edge

'Univeristy of Mons, Belgium
2 Jozef Stefan Institute, Slovenia
% University of Chiba, Japan
*HelmholtzZentrum Berlin, Germany

absrobance {arb. units)

456 460 464 468
photon energy (eV)
igure 1. a) TXM image recorded &t 3= 460 eV.
) Ti L, 3edge recorded with the-#ector parallel or
perpendicular to the main axis of the nanoribbon.

Transmission Xay microscopy (TXM) is a popular
microscopy technique used in biology. Recently, w
have extended the range of its applications to theg
spedroscopic  characterization of nanoscale
materials by combining it with neamdge Xray-
absorption finestructure spectroscopy (NEXAFS
TXM) [1]. State of the art TXMs allow a spatial
resolution of 11 nm. However, we show in the
current study that the comlation of NEXAFS .
TXM with high-level theoretical modelling allows :
us to move beyond this spati@solution limit and :
extract more spatially refined information [2].

452 456 460 464 468
photon energy (eV)

We investigate the electronic structure of ar
isolated sodium titanate nanoribbon (TiINRYy
means of NEXAFSIXM coupled with first sz 4% s60 64 ade —

rinciples NEXAFS calculations (density functional _, "o e? .
fpor trl?e O Kedge and muItiE:hanne% multiple Figure 2. Calculated NEXAFS spectra. Ti atoms at

: : different sites of the TiNRs structure (Figure 29) (a
scattering (MCMS) method for the Ti,kedge .
spectra) [3]. The susceptibility of both O.atge 2nd (b) the total spectrum. () Balhdstick model
and Ti L-edge featuresot the local bonding of one TiO; sheet of the generally accepted
environment in TiQbased materials makes structure of TiNRs. Ti atoms in blue (1, 2, 3 three
NEXAFS ideal for providing diagnostic information nonequivalent sites) and O atoms in red.
about the crystal structures and oxidation states. T . .
electronic structure of the nanoribbons is discussed' © per;ormed a series of MCI:MS caICtéIat_lons [?i] H( 1
in terms of the ligand field splittg of the Ti jons YSing thestr uct ural — mo dBL. AH( 1,

- : The calculated Ti ksspectra of the TiNRs is shown
and the connectivity of the Tictahedral network. "'~ 3
y Ko in Figure 2b. The excellent agreement between the

experimental data and the theoretical modeling
confirms the assignment of the TiNR structure to a
layered titanatef the HTi,0,,.1family.

Figure 1 shows the Ti-kedge recorded in isolated
TiNRs for the Evector parallel and perpendicular to
the main axis of the nanostructure. The titanium L
edge NEXAFS spectrum of the NRs shares
common general features with the anatase NEXAF
spectrum: they are composed of distinguishabl
peaks in the range between 455 and 470 e
corresponding to excitations of the Ti 2p states int
the empty Ti 3d states. The Tirddge shows two
groupsof peaks arising from the sporbit splitting

of the Ti 2p core level into 2p(L,-edge) and 2p
levels (L-edge), corresponding to Ti(lV) in a
Le;:\?vge(;rrl]altzteruczl'fﬁ\rlirh(;:gos;nr;rggéne;;edclgzreir;cih ] C Bittencourt et al Beilstein J. Nanotechn®|.
absence o$plitting of the fine structure in thejileg 89797 (2012) ) .

band. Using the MCMS n{sgt]holgl', lﬁrr"z,%(:érr B Y $ralgoRe v .
that the this splitting in Ti@is due to structural (2010)

he connectivity of the octahedral will be discussed
éaking in consideration the O-&dge

igh-level spectroscopic modeling appears to be an
important way to extend further the resolution of
NEXAFSI TXM towards the atomic linti

[1] P. Guttmann et al Nature photonics, 6-22b
(2012)
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Atomic resolution scanning transmission electron
microscopel first results and impressions

Goran Dragil

Laboratory for materials chemistry, National
Institute of Chemistry, Ljubljana, Slovenia

In the lecture the new staté-theart atomic
resolution scanning  transmission electron
microscope (ARSTEM) will be presented. The AR
STEM project was conjointly run by the Centre of
Excellence for Low Carbon Technologies (CONOT)
and the National Instite of Chemistry (NIC).

The microscope (Jeol JEMRM 200 CF) is fitted

with a cold fieldemission gun and probe spherical

aberration corrector (CESCOR unit from the CEOS,

Germany). It enables atehy-atom imaging

resolution and spatial resolution fatomto-atom

chemical mapping of materialBhe system is Figure 1: Jeol ARM 200 CF probe Cs corrected
equipped with the new energlispersive xay STEM microscope
spectrometer (Centurio 100 rimJEOL) for fast

elemental mapping and with the new energy filter

(QuantumGlIF, Gatan, USAQr electron energy

loss spectiscopy with DualEELS capability,

energyfiltered TEM (EFTEM) mapping and

ultrafast spectrum imaging (Sl)

The range of the materials that will be analysed is
very wide, from material science where
nanopartciles, crystal defects, interfaces and surface
pheromena 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 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&aS silicon.
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