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Dear TWINFUSYON friends,

with this Newsletter we would like to say
goodbye to the year 2017 and welcome the
year 2018. You will find out about the TWIN-
FUSYON school on layered materials serving
biosensing organised in the Czech Republic
this autumn and other TWINFUSYON activities
of 2017, as well as our plans for 2018. And the
plans are ambitious! Three TWINFUSYON
schools are coming soon.

We also continue with the topic of Women in
Science and would like to offer you our Calen-
dar for 2018 which is a combination of a con-
venient weekly agenda and personal stories
and interesting facts about women in science.
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The scientific theme of this Newsletter is gra-
phene. We offer you articles on graphene-
based biosensors, graphene-gold nanocompo-
sites, and graphene-based hybrids for biosens-
ing. We also present a discussion of novel (bio)
sensing techniques in connection with energy
harvesting problems.
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WHAT'’S UP IN BIOSENSING

Bye Bye 2017 and Welcome 2018: A Year of Graphene, 2D-materials and Bio-

sensing!

During the first years of its exciting life, graphene
was mostly a game for physicists. The most inter-
esting discoveries and amazing results on gra-
phene (including which eventually lead to the No-
bel prize) were all obtained on mechanically exfoli-
ated, perfect monolayers of graphene. Although
such an approach was sufficient to render gra-
phene a scientific breakthrough, it could hardly be
up-scalable, thereby hampering any technological
applications.

Later on, chemistry started playing a fundamen-
tal role in the development of chemical methods
to produce graphene on large scale by chemical
vapor deposition and
chemical liquid exfolia-

tion. The chemistry of il

graphene has played i cromes ,

an ever increasing role ~ © " &
in the large-scale pro- ' oo ‘g_»". .
duction, chemical — -~

functionalization and
processing as well as
in numerous applica- . )

R b
tions of such material, i e A i
and it has been ex- | Gate
panded to various new FET- 8ot

2D inorganic and or-
ganic materials. The
chemical approach
offers absolute control
over the structure of
2D materials at the
atomic- or molecular-level and will thus serve as
enabling strategy to develop unprecedented multi-
functional systems, of different complexity

During the last years, bio-sensing and bio-
interfacing graphene with a large variety of bio-
molecules spanning from DNA, enzymes, proteins,
antigens, antibodies, and human cells. Graphene
and biosensors are a natural combination, as gra-
phene’s large surface-to-volume ratio, unique op-
tical properties, excellent electrical conductivity,
high carrier mobility and density, high thermal
conductivity and many other attributes can be
greatly beneficial for biosensor functions. The
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large surface area of graphene is able to enhance
the surface loading of desired biomolecules, and
excellent conductivity and small band gap can be
beneficial for conducting electrons between bio-
molecules and the electrode surface. Therefore,
several biosensing schemes based on graphene
have been under investigation, as shown in Figure
1.

A collection of the developed graphene biosensors
is given in Table 1.

Still many obvious questions if we think of a per-
fect graphene-based biosensor need to be dis-
cussed:

Nanosensors

Graphene and its J Porertortat
derivative based

Biosensors

Worving €

4
Solution Semph
Microfluidic B

Figure 1: Schematic illustration of the sensing tactics involved in a graphene-based biosensor for in vitro
and in vivo applications [from: N. Chauhan et al. J. Mat. Res. 32, 2860 (2017)]

What makes graphene a sensitive detector for bio-
logical molecules? Does the method of production
and assembly of graphene affect its biosensing
performance? Is graphene actually selective to
differentiate molecules embedded on it? Is it pos-
sible to precisely control and detect how many
molecules have been spontaneously captured by
it? Can graphene be considered as a reliable mate-
rial to be used in future lab-on-chip and implanta-
ble medical devices for real-time health monitor-
ing? What are the other factors that can contrib-
ute to the successful commercialization of gra-
phene for in vivo and in vitro biosensing applica-
tions?
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The upcoming 2018 will give an answer to those
question and will see novel 2D materials further
developed and tailored for specificity of biorecep-
tors. These materials will be employed and inte-
grated in different sensor and biosensor platforms
giving an ultra-high sensitivity and may provide a
solution to some challenges, such as early stage
cancer detection.

Although graphene-based materials are consid-
ered to have no significant toxicity in many bio-
medical applications, however, more elaborative
studies are still needed before considering it as a
reliable material for implantable devices. This

would include monitoring the interaction of gra-
phene with genetic molecules, acute toxicity stud-
ies (long term toxicity), intracellular metabolic
pathway, and excretion studies from biological
systems. These experimental studies are essential
to design graphene based biosensors that will help
us better understand the metastatic cancer, mo-
lecular basis underlying the brain function.

We look forward to more fundamental and de-
tailed research which is required to resolve many
clinical hurdles in order to bring graphene-based
flexible and implantable biosensors in the market
by next decade!

Table 1: Current generation reports of graphene-based Biosensors
[P. Suvarnaphaet et al. Sensors 2017, 17, 2161]

Technique Receptor System Target Biomolecules Limit of Detection
FRET GQD-PEG-aptamer/MoS; EpCAM ® 450 pM
GFET? Graphene/ Tris-HCl Pb** <37.5ng/L

GFET Graphene/ Anti-CEA ° CEA protein <100 pg/mL
GFET Graphene/DNA Pb** 163.7 ng/L
GFET Graphene DNA 10 pM
GO " FET GO/ pentacene Artificial DNA 0.1 pM
GpO 2 FET GpO/Cu or AgNPS Glucose 1uM
RGO ™ FET Urease/PEI * /RGO Urea 1 uM
RGO FET PtNPS BNP 1° 0.1 pM
GSPR 16 Biotin-SA 17/GO DNA -
GLSPR ® Ni/graphene 3-NT ¥ 0.13 pg/mL
SPR RGO Rabbit IgG 2 0.3125 ug/L
SPR Au/GO-COOH Anti-BSA % 0.01 pg/mL
SPR M. lysodeikticus/ GO Lysozyme in serum 0.05 ug/mL
SPR GO/ (N-) PPLRINRHILTR(-C) % HCG # 0.065 nM
Fiber optic SPR Ag-MoS;-Graphene DNA 1uM
SPR Graphene-Mo$S; ssDNA -
ECHEM AuNPS/GO MCF-7 0.0375 ug/mL
ECHEM NH,-GS/Au@Pt/ PDA-N-MWCNT % AFP % 0.1 pg/mL
ECHEM gragﬁg:—//;\%g%e/iro HbAlc 28 0.2 ug/mL
ECHEM Pd-Au@carbon dots C‘}:’;’I‘::’[: Zr:]tﬁl ]i" 182 x 1077 M
ECHEM Ni-MG-BDD %° Glucose 0.24 uM
ECHEM AQ-labeled acpcPNA * G-PANI HPV-DNA type 16 23nM
ECHEM GO-ssDNA/Au VEGF * 0.05 ng/mL
PLLA 3! /GO-ssDNA/Au PSA ¥ 1ng/mL
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1 pg/mL

ECHEM MoS;-Graphene/L-cysteine PTH *

ECHEM MoS, / graphene ctDNA % 0.0001 pM

ECHEM AuNPS/MoS; /graphene/GCE 36 DNA 0.0022 pM

ECHEM Calix[4]arene phosphoryl/graphene T 1 uM

electrode

ECHEM Anti human D-dimer antibody /lipid D-dinaes 1 uM
film/graphene nanosheets

Electron MoS, /GO Glucose in human serum 65 nM

transfer =

Notes: 1 FRET: fluorescence resonance energy transfer, 2 GQDs: graphene quantum dots, 3> ATP: adenosine
triphosphate, * MCF-7: Michigan Cancer Foundation-7 (breast cancer cells)®> GONRs: graphene oxide
nanoribbons, ® P35s: promoter cauliflower mosaic virus 35 s, 7 TNOS: terminator nopaline synthase
(from transgenic soybean), 8 EpCAM: epithelial cell adhesion molecule, 9 GFET: graphene field effect transistor,,
10 CEA: carcinoembryonic antigen, 1 GO: graphene oxide, 1> GpO: graphite oxide, 1> RGO: reduced graphene
oxide, * PEL polyethylenimine, > BNP: brain natriuretic peFtide (heart failure), '® GSPR: graphene based
surface plasmon resonance, 17 Biotin-SA: biotin-streptavidin, 8 GLSPR: graphene localized surface plasmon
resonance, 1° 3-NT: 3-nitro-L-tyrosine, 20 Rabbit immunoglobulin G, 21 BSA: bovine serum albumin protein,,
22 (N-) PPLRINRHILTR(-C): (N-Pro-ProLeu-A rg-lle-Asn-Arg-His-lle-Leu-Thr-Arg-C), 2 HCG: human chorionic
gonadotropin protein, 2 ECHEM: electrochemistry, 2> PDA-N-MWCNT: poly-dopamine functionalized N-doped
multi-walled carbon nanotube, 2 AFP: Alpha fetoprotein, % FAQ: fructosyl amino-acid oxidase, ** HbA1lc::
Glycatedhemoglobin, * Ni-MG-BDD: nickel-microcrystalline graphite-boron doped diamond, * acpcPNA::
anthraquinone-labeled pyrrolidinyl peptide nucleic acid, 3 VEGF : vascular endothelial growth factor, 3 PLLA::
Eoly-L-lactide, 33 PSA: prostate-specific antigen, ** PTH: parathyroid hormone, ** ctDNA: circulating tumor DNA,,
3% GCE: carbon glassy electrode.

Quantification of charges and adsorbates at electrochemical solid-liquid in-

terfaces with polarization optical methods

by Christoph Cobet, Miao-Hsuan Chien, Saul
Vazquez Miranda, and Kurt Hingerl,

Center for Surface- and Nanoanalytics (ZONA),
Johannes Kepler University, Linz, Austria

Whether we discuss novel (bio-) sensing tech-
niques, new efficient electro-catalytic reactions in
connection with energy harvesting problems, or a
daily problem like the corrosion protection - the
key functionality is usually determined by atomic
scale structural, chemical and physical properties
at a solid-liquid interfaces. Research in this frame-
work is thus seeking for respective analytical
methods since a long time. Nevertheless, the
knowledge about the nanoscopic appearance of
solid-liquid interfaces lags far behind the
knowledge obtained on surfaces in ultrahigh vacu-
um environment. Plenty of success in ultrahigh
vacuum is related to electron spectroscopy tech-
niques as e.g. Scanning Auger Electron Spectrosco-
py or X-ray Photoelectron Spectroscopy (XPS).
These methods benefit from their extremely high
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surface sensitivity. The underlying short mean free
path of electrons in matter, on the other hand,
makes these techniques unsuitable for an in-situ
application in electrolyte. Electrons don’t reach
the solid-liquid interface and are absorbed either
in the bulk electrode or in the electrolyte [1].

Astonishing results are recently gained by measur-
ing either through ultrathin electrodes or through
electrolyte films [2]. In particular we would men-
tion the success with “almost ambient pressure
XPS” which allows meanwhile photo emission ex-
periments through stable surface water layers
without further coverage. A drawback is the thick-
ness impact on the physical and chemical proper-
ties. Less interfering are electrochemical scanning
tunneling microscopy (EC-STM) [3] and X-ray
diffraction/spectroscopy techniques which could
provide structural information at the sub-
nanometer scale [4].

Classical electrochemical methods, on the other
hand, analyze macroscopic quantities like the con-

www.twinfusyon.eu



December 2017

centration of ions in an electrolyte, the interfacial
charge transfer i.e. Faraday currents in cyclic volt-
ammetry or the capacity of the electrochemical
double layer. But they cannot distinguish between
surface modifications and near surface processes.

| |

4g=0.80m
~ 7o =0.20m

Figure 1: Detection of sub-monolayer coverages and the electron
excess at electrode surfaces by means of in-situ electrochemical
spectroscopic ellipsometry.

In our opinion, polarization optical methods like
Spectroscopic Ellipsometry (SE) can contribute
considerably by measuring in-situ and non-
destructive in the spectral range of transparency
of either the electrode or the electrolyte. First of
all SE is selective regarding interfaces. While meas-
uring the polarization change of light upon reflec-
tion or transmission, one can obtain, furthermore,
an extremely high surface sensitivity, i.e. sub-
monolayer sensitivity (Fig.1). The beneficial pa-
rameter is the phase shift D between two polariza-
tion components. Note, reflection or absorption
methods, which measure intensities (amplitudes)
are orders of magnitude less sensitive for weakly
or non-absorbing materials [5, pp. 816]. This holds
in particular for solid liquid interfaces where the
refractive index difference between the two inter-
face media is small.

(V3xV3)R30°-CI

Figure 2: 3.8x3.8 nm2 EC-STM image of a Cu(111) surface in 10 mM
HCl solution with and without Cl- adsorbate [3]

In a recent work we could demonstrate in a proof
of principle experiment at single crystal Cu elec-
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trode surfaces [6] that ellipsometry in fact can de-
tect sub-monolayer coverages as well as the elec-
tron excess at the electrode surface. By using dedi-
cated optical layer models for the electrochemical
double layer region, we could further demonstrate
that one can quantify very accurately e.g. the
amount of absorbed ions and the electron excess
by in-situ SE. As a test example we determined the
amount of Cl- adsorbed at a Cu(111) surface in HCI
-solution. From EC-STM it is known that the Cl ions
adsorb in a structure (Fig.2). The latter corre-
sponds to 5.9x1014 ions per cm2. The obtained
ellipsometric value calculated in a first rough ap-
proximation was deviating by less than a factor of
two. The deviating smaller value is shown to be
the result of a 1.8 times densified water layer at
the Co surface. With the thereby proven model we
could show finally that the Cu(111) surface is cov-
ered at cathodic potentials with 6.8x1014 posi-
tively charged ions per cm2 - most likely hydroni-
um ions. Contrary to the expectation, this surface
protonation do not support the catalytic Hydrogen
Evolution Reaction (HER) and is shown to suppress
the respective Faraday currents as measured in
CV. Finally we would mention that in-situ electro-
chemical SE is generally capable to determine the
Point of Total Zero Charge (PTZC) by measuring
the absolute electron density at the pristine elec-
trode surface within a Drude electron model.

References:

[1] R. Holze, Surface and Interface Analysis: An Electrochem-
ists Toolbox (Springer, Berlin, Heidelberg, 2009)

[2] [1] M. Salmeron and R. Schlogl, Surf. Sci. Rep. 63, 169
(2008)

[3] M. Wilms and K. Wandelt et al., Surf. Sci. 404, 83 (1998);
Rev. Sci. Instrum. 70, 3641 (1999)

[4] R. C. Alkire, D. M. Kolb, J. Lipkowski, and P. N. Ross, Ad-
vances in Electrochemical Science and Engineering, Volume
9: Diffraction and Spectroscopic Methods in Electrochemistry
(WILEY-VCH, Weinheim, 2006

[5] [1] D. E. Aspnes, in Opt. Prop. Solids - New Dev., edited by
B. Seraphin (North-Holland, Amsterdam, 1976)

[6] M.-H. Chien, S. Vazquez Miranda, R. Sharif, K. Hingerl, C.
Cobet, In-situ ellipsometric quantication of surface adsorb-
ates on copper single crystals in hydrochloric electrolytes
and their impact on the hydrogen evolution reaction, sub-
mitted to ACS Applied Materials & Interfaces
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by Iris Crassee and Milan Orlita
Laboratoire National des Champs Magnétiques
Intenses, Grenoble, France

The demand for nanocomposites of graphene dec-
orated with metallic nanoparticles (NPs)is increas-
ing on account of their applications in science and
technology. Graphene layers decorated with plas-
monic metal nanoparticles provide a new way to
develop enhanced catalytic, magnetic, optoelec-
tronic, energy storage, and biosensing materials.
The combination of the unique graphene conduc-
tivity properties and the high reactivity of metal
NPs results in the ability to control phenomena
such as the spatial localization of the surface plas-
mon resonance of the metallic particles6 [1], the
enhancement of light absorption of graphene
sheets, the bio-conjugation with a variety of mole-
cules to produce biosensors [2], and the improve-
ment of the catalytic activity of the nanoparticles

[3].

Although most of the approaches present in litera-
ture produces graphene-oxide flakes decorated
with metal nanoparticles, TWINFUSYON consorti-
um aims at developing reproducible large area
and clean graphene-gold nanocomposites.

Therefore, Graphene was grown by Chemical Va-
por Deposition (CVD) technique and subsequently
transferred on a standard Si/SiO2 substrate and
sprayed by nanoparticles of various shape
(spheres, stars, pyramides) dispersed in ethanol.
The series of fabricated samples was character-
ized by SEM microscopy, allowing us to evaluate
their spatial distribution on graphene, as shown in
Figure 1.

® Cyclotron resonance investigation of graphene-gold nanocomposites

Raman scattering provided us with a single-peak
2D line in the spectra of all samples, with a weak
disorder-induced D line, indicating that the pre-
sent nanoparticles do not damage the graphene
structure.

We have used infrared magneto-spectroscopy
(cyclotron resonance and Faraday rotation) to per-
form a complete optical readout of the level and
type of doping in our samples. This is possible due
to specific cyclotron mass of massless charge car-
riers, which is directly proportional to the to the
Fermi energy, EF=mv2. This is in contrast to con-
ventional materials with parabolic bands, in which
the cyclotron mass is strictly independent of EF.
The type of doping was obtained from the sign of
Faraday rotation related to cyclotron resonance

signal.
We observed fairly weak variation of the Fermi
energy among different graphene/gold-

nanoparticle samples.

In all cases, the Fermi energy was found close to
EF=-250 meV, similar to the reference sample
without any decoration. The decoration by gold
nanoparticles had thus surprisingly minor effect
on the doping of graphene.

References:

[1] Y. Zhao & Y. Zhu. Graphene-based hybrid films for plas-
monic sensing. Nanoscale 7, 14561 (2015).

[2] Y. V. Stebunov et al. Highly Sensitive and Selective Sensor
Chips with Graphene-Oxide Linking Layer. ACS Appl. Mater.
Interfaces 7, 21727 (2015).

[3] A. Primo et al. High catalytic activity of oriented 2.0.0
copper(l) oxide grown on graphene film. Nat. commun. 6,
8561 (2015).

Figure 2: Nanocomposites of graphene with gold bipiramids and nanostars
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@ Graphene-based Hybrids For Biosensing

by Maria Michela Giangregorio and Maria Losurdo
Institute of Nanotechnology, CNR-NANOTEC,
Bari, Italy

Carbon-based materials (nanocrystalline dia-
monds, carbon nanotubes and graphene) are
widely tested for biosensing applications. Specifi-
cally, in contrast with carbon nanotubes that can
also show cytotoxic effects due to their degree of
dispersion, level of functionalization, length and

L - e
Figure 1: (left) Sketch of osteaoblastic cells on graphene. (right) Ratio between the number of cells attached on gra-
phene on Si02/Si, Si, glass, stainless steel (SS) and plastic substrates and the number of cells attached on the correspond-
ing substrates, after 2 days.

low purity, and nanocrystalline diamonds that
have nano-roughness and an uncontrolled surface
hydrophilic/hydrophobic character, graphene has
a simple topography and can be synthetized in a
pure form with large flakes which is vital for bio-
logical tests. This is why the research on biomedi-
cal applications of graphene has seen dramatic
progress and yet mostly in its beginning stage [1].

Since 2008, researchers have started investigating
the potential biomedical applications of graphene
[2] and interesting works have been carried out to
explore the use of graphene and its derivatives
such as graphene oxide in biomedical applications
[3]. These applications include drug/gene delivery,
biosensors, cancer therapies and biocompatibility
to antibacterial effects [4,5,6].

Within TWINFUSYON we are exploring the interac-
tion of graphene with human cells.

The osteoblastic cell attachment and proliferation
on graphene strongly depend on the substrate on
which graphene is transferred, and the different
cell adhesion on graphene transferred on silicon,
Si02, SS and glass is summarized in Figure 1.
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area of cells (%)

We found that there is no significant difference in
the number of attached cells between graphene
coated and uncoated glass and SS substrates
demonstrating that cell growth was not affected
by the presence of graphene on glass and SS sub-
strates, while higher number of cells was attached
to the graphene coated layer in comparison with
silicon and SiO2 on Si. So, osteoblasts clearly pre-
ferred graphene coated substrate than silicon and
Si02/Si wafers. We have also investigated gra-
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phene on plastic substrates like PET that resulted
to have lower toxic effects on osteoblasts and to
improve more strongly the cell adhesion with re-
spect the other substrates, as shown in Figure 1.

Figure 2 shows the evolution of the cells area on
graphene on PET also as a function of culture time.
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Figure 2: Evolution of the area of cells attached on graphene on
PET, PET and PSCC as a function of the culture time.

We demonstrated that the cells coverage/
adhesion on graphene on plastic substrates fur-
ther improves as a function of the culture time
compared with the PET substrate and a PSCC (cell
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culture polystyrene) reference material. Moreo-
ver, we found that there is not cells detachment at
long culture time. Our study also demonstrated
that the cell adhesion and growth on graphene on
PET can be also improved at shorter culture time
absorbing fibronectin to graphene, alloying to
work with smaller cells concentration.

Our next step is to integrate graphene with metal
nanoparticles as support for cell growth to realize
hybrid heterojunctions that are compatible with
live cells and can be used to monitor/quantify in
real time during the cell growth using the SPR im-
aging without stopping their growth or killing
them.

References:

[1] Shen H, Zhang L, Liu M, Zhang Z. Biomedical applications
of graphene. Theranostics 2012;2:283.

[2] Mohanty N, Berry V. Graphene-based single-bacterium
resolution biodevice and DNA transistor: Interfacing gra-
phene derivatives with nanoscale and microscale biocompo-
nents. Nano Lett 2008;8: 4469—-4476]

[3] Feng L, Liu Z. Graphene in biomedicine: Opportunities
and challenges. Nanomedicine 2011;6:317-324].

[4] Wang Y, Li Z, Wang J, Li J, Lin Y. Graphene and graphene
oxide: Biofunctionalization and applications in biotechnolo-
gy. Trends Biotechnol 2011;29:205-212;

[5] He S, Song B, Li D, Zhu C, Qi W, Wen Y, Wang L, Song S,
Fang H, Fan C. A graphene nanoprobe for rapid, sensitive,
and multicolor fluorescent DNA analysis. Adv Funct Mater
2010;20:453-459]

[6] Akhavan O, Ghaderi E. Toxicity of graphene and graphene
oxide nanowalls against bacteria. ACS Nano 2010;4:5731—
5736

CEITEC NANO RESEARCH INFRASTRUCTURE

The CEITEC Nano Research Infrastructure is the
largest cleanroom nanocentre in the Czech Repub-
lic. It provides complex equipment, expertise, and
methods for nanotechnology and advanced mate-
rials research. The facility includes:

. Nanofabrication laboratory, which provides
equipment and expertise for nanolithogra-
phy, etching & deposition, and packaging;

. Nanocharacterisation laboratory used for
electrical, magnetic and optical measure-
ments, microscopy and nanomanipulation,
and UHV Technologies;

. Structural analysis laboratory providing ser-
vices for electron microscopy, X-ray diffrac-
tion, and sample preparation;

. Micro & Nano X-ray CT laboratory

. Laser Spectroscopy laboratory with equip-
ment for the implementation of qualitative
and quantitative analyses in single-pulse,
double-pulse (with increased spatial resolu-
tion and detection limits), LIBS + LIFS (Laser
Induced Fluorescence Spectroscopy) modes.
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The CEITEC Nano Research Infrastructure is a sin-
gle-sited, multi-material, multipurpose user facility
providing services for internal and external aca-
demic and commercial users. The thematic focus is
physics, electronics, and material science research
(mainly), but also bio-related and medical re-
search.

The Infrastruc-
ture is situated
in CEITEC BUT
campus in
Purkynova 123,
Brno, the Czech
Republic.  The
users can access
infrastructure via self-service open access model.
The facility is also able to provide complete ser-
vices, including nanofabrication, nano-
characterization or data analysis to a limited ex-
tend. The facility also provides general and equip-
ment training .

Detailed information is available at the facility
website.

CEITEC also has other Core Facilities, including
Nanobiotechnology, NMR or X-ray diffraction situ-
ated at Masaryk University campus Bohunice in
Brno. These facilities mainly focus on life sciences.
The full list of the facilities with relevant infor-
mation is available on the CEITEC website.

www.twinfusyon.eu
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TWINFUSYON NEWS

@ TWINFUSYON School FROM Structures to Optical functions: LAYERED Mate-

rials serving biosensing

The school “FROM Structures to Optical functions:
LAYERED Materials serving biosensing” focused on
fundamentals of optical response of bulk materials
and layered systems. The school took place on Octo-
ber 21st to 25th, 2017 at CEITEC, Brno, the Czech Re-
public and was the third school organised within the
TWINFUSYON project.

The school consisted of two parts:

. The introductory lectures were devoted to the optical properties from THz range to ultraviolet; in-

formation obtainable from the grazing-incidence

reflectivity of X-rays were also be discussed.

. Advanced lectures covered important aspects of the optical spectroscopy of layered structures ex-
hibiting plasmon resonances, exploitable in biosensing. Furthermore, experimental procedures us-
ing transmittance, reflection and ellipsometry were covered during the school.

Besides lectures on various topics, the school also in
CEITEC BUT.

cluded practical sessions and a laboratory tour at

® Cooperation with CZECH METROLOGY INSTITUTE (CMI)

by Josef Humli¢ek, CEITEC MU, Brno,
the Czech Republic

Metrological approach to measurements is based
on the requirements of traceability and knowledge
of measurement errors. While the latter is nowa-
days typical of most of well-conducted experi-
mental work, the traceability to etalons is by no
means obvious. We have performed a study in
measurements of thin film systems, which are at
the heart of the biosensing with optical tools.

The chosen system was a single layer of an inert
material grown on single—crystalline silicon. The
Si substrate is very popular, owing to its extremely
high quality of device—grade wafers and low cost.
At CEITEC, we have carefully measured film thick-

- AIN/Si film analysis
‘ | prolote to optical data (MU)

roughness.

ness and refractive index in near—infrared and
visible ranges, and determined the film thickness.
The uncertainties of our results depend mostly on
calibrations of the photon energy scale, and linear-
ity of detection, typically fairly good even in the
absence of appropriate standards. Consequently,
we have etched off a part of the film, and asked
our colleagues at the CMI to use their specialized
large—area scanning probe microscope to confirm
or reject our results.

The conclusion was favourable, as the data from
CMI and CEITEC agree within estimated error mar-
gins of both methods [1], see the figure below.
Both measurements revealed important conse-
quences of the inhomogeneity and roughness of
the studied film.

and comparison  The results from CMI are traceable
to the national and international
standards of length.

22049 nm SPM
] e —— O
: m = =] “i3kznm:oplical method More information on metrological
| { - Large sample inhomogeneity and approaches can be found in [1].

[1] Petr Klapetek, Lecture at the TWIN-
FUSYON school, Brno 2017. For more in-

N SRS  formation contactpiapetek@cm.c
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& TWINFUSYON travels

In last half a year various travels of CEITEC re-
searchers to project partners and other events rel-
evant for biosensing took place. Four CEITEC re-
searchers participated in 10th Advanced Study
Course on Optical Chemical Sensors (ASCOS) held
in Czech Republic in July. ASCOS is a European ini-
tiative aimed at establishing an education, discus-
sion and contact platform for young researchers
working in the rapidly growing field of optical
chemical sensors.

Two CEITEC researchers participated in the Work-
shop on Substrate Mediated Polymorphism in Or-
ganic Thin Films in Graz, Austria in September
2017. PhD student Rozbotil Jakub gave a talk on
"In-situ X-ray diffraction annealing study on an an-
thradithiophene derivative" on the subject of an-

UPCOMING EVENTS

Nanoscience

WHEN: 2 — 5 February, 2018

WHERE: Linz, Austria

nealing phase-induced transitions in the thin layers
of the TES-ADT organic semiconductor molecule.
The individual crystalline phases of this organic
semiconductor have significantly different optical
and electronic properties and their study is essen-
tial to optimize their potential use in optoelectron-
ic biosensors. The results of CEITEC research and
its other prospects and applications have been dis-
cussed with foreign experts at the workshop.

Also, one secondment of Dr. Hemzal (CEITEC) at
the Center for Surface and Nanoanalytics (ZONA),
JKU was executed. The cooperation between the
two institutes was deepened by working on a new
joint publication. Additionally he held a lecture
"Towards Single molecule Raman spectroscopy"
there.

® XX Linz Winterworkshop Advances in Single-Molecule Research for Biology &

TOPIC: The school will focus on fundamentals of optical response of bulk materials and layered sys-

tems.

The school/workshop will focus on biological single-molecule research and nanoscience, and include
force and optical microscopy/spectroscopy techniques. This year, special sessions on nano-medicine and
high-speed atomic force microscopy will be organized. It is the aim to provide a common platform for

industry and academia.

Do not miss it!

More information is available on the event website.

Py Goatds
uanyg2dgiEebruary 5, 2018% JLinz;"Austria

P

r

XX. Annual Linz Winter Workshop
February 2 - February 5, 2018 Linz, Austria
Advances in Single-Molecule Research for Biology & Nanoscience
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@ 20th International Winterschool on New Developments in Solid State Physics

WHEN: 25 February — 2 March, 2018 20th INTERNATIONAL NEW DEVELOPMENTS IN SOLID STATE PHYSICS
WINTERSCHOOL MAUTERNDORF, 25 FEBRUARY - 2 MARCH 2018

WHERE: Mauterndorf, Austria 20th International Winterschool on New Developments in Solid State Physics, 25 Feb - 02 Mar 2018, Castle
of Mauterndorf, Austria

TOPIC: The Winterschool on New Developments in Solid State Physics has evolved over the last three
decades from a rather small, thematically focused workshop back in 1980 to what it is today, a meeting
with lectures and invited talks held by outstanding international speakers for an audience with a large
percentage of graduate students and postdocs.

The school attempts to cover the most important developments of the last few years and to gain interna-
tionally leading experts as invited speakers. The educational aspect of the school will be strengthened by
providing a set of tutorial lectures, again to be held by renowned speakers, to introduce the main topics
of meeting in a concise way on a graduate/postdoc level.

. Solid-state-based quantum photonics and sensing m
. 2D materials J!U

, , , , , Rumssrenss MONTAN
. Electronic transport in low-dimensional systems and in- CNNVERSITETENE  UNIVERSITAT

WV UNSLEOSENAC AT

terfaces
i | TLIINFUSYON |
e  Topological phenomena and systems TLINFUSYON -
o Nanomechanics "

More information is available on the school website.

® EpIOTICS-15 International School of Solid State Physics (co-organised)

WHEN: 13 — 19 July 2018

WHERE: CNR, Rome, Italy EPIOPTICS-15

TOPIC: The school/workshop will bring together re- SILICENE-3
searchers from universities and research institutes who T - e

) ) . . 13 =19 July 2018
work in the fields of (semiconductor) surface science, S
epitaxial growth, materials deposition and optical diag- INTERNATIONAIL SCHOOI. OF
nostics relevant to (semiconductor) materials and
structures of interest for present and anticipated (spin)
electronic devices. The school is aimed at assessing the
capabilities of state-of-the-art optical techniques in > ALIERT NS
elucidating the fundamental electronic and structural -
properties of semiconductor and metal surfaces, inter-
faces, thin layers, and layer structures, and assessing the usefulness of these techniques for optimization
of high quality multilayer samples through feedback control during materials growth and processing. Ma-
terials of particular interest are silicene, Collective Excitations in Advanced Nanostructures semiconduc-
tor-metal interfaces, semiconductor and magnetic multilayers and IlI-V compound semiconductors.

SOLID STATE PHYSICS

PTICS-1

More information will be available in the Upcoming events.
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PROJECT DISSEMINATION

Information about the TWINFUSYON project is ac- of the project poster as well as consultations with
tively disseminated at the project schools and TWINFUSYON team). The earliest option is to par-
workshops as well as by TWINFUSYON researchers ticipate in the Masaryk University Faculty of Sci-
traveling to other events. Besides that, everyone ence open day that will take place on January
can get information on the project and its activi- 24th, 2018.

ties at TWINFUSYON partner institutions (in from

® Welcome 2018!
TWINFUSYON calendar for Promoting WOMEN in Science

The TWINFUSYON team has prepared a calendar “Women in Science”
for 2018.

Let's start with a fact. There are far fewer women than men working in
scientific, mathematical, engineering, and technological careers
(STEM). Diversity is essential in science: it recruits new ideas, different
perspectives, and fresh approaches to problem-solving — the ingredi-
ents that fuel creativity required for innovation.

Underrepresentation of women in science cannot be solved in a day.
Attitude and lab culture won’t change overnight.

With this agenda, we would like to attract your attention to gender-
sensitive issues in science and encourage to keep them in mind during L~ -
our daily duties. You can start small and promote gender inclusive cul- TM?H%USVQH

ture in your lab/department, as well as be proactive in proposing long- e
term solutions for encouraging integration of women in the STEM ff)IWO’MMNSqENCE

"
workforce! Y
.

One person can make a difference and everyone should try.
(John F. Kennedy)

The calendar can be downloaded in PDF format HERE.

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 692034. This Newsletter reflects only
the author’s view and the Research Executive Agency is not responsible for any use that
may be made of the information it contains.
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