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Talks

Quantitative Magneto-Optical Characterization of Diffusive Reflected Light from Rough Steel
Samples Acquired with the SAMOKEM Tool

J.B. Gonzdlez-Diaz!, ] A. Arregi', A. Martinez-de-Guerenu?, F. AriztiZ and A. Berger!

ICIC nanoGUNE Consolider, Tolosa Hiribidea 76, E-20018 Donostia-San Sebastin, Spain
2CEIT, Manuel de Lardizabal 15, E-20018 Donostia-San Sebastian, Spain
J-gonzalez@nanogune.eu

Magneto-Optical Kerr Effect (MOKE) magnetometry, spectroscopy and ellipsometry have been employed to characterize and
study magnetic systems with different types of surfaces including rough ones [1-6], where it has been shown that there is an
important relation in between surface roughness on one hand and domain size and magnetization reversal on the other [1-2,4].
The study of this kind of surfaces is of great importance to achieve a better understanding of the macroscopic magnetic response
that arises from complex surfaces and its application to all types of devices. However, up to now, all magnetic-optical studies have
focused on surfaces where two fundamental characterization parameters, namely average roughness R, and mean peak spacing
RS, are small in comparison to the wavelength of light [I-6]. To our knowledge, no study has analyzed the magneto-optical
response in other roughness regimes, i.e., magnetic surfaces with roughness parameters of the order (or much larger) than the
wavelength of light, that makes the reflected light show a diffusely broadened spot. The only exception, being a very special case
of roughness, is the study of the magneto-optical (MO) response of diffracted beams for samples, in which the surface has
periodic variations [7,8]. This lack of studies may be attributed to the fact that diffuse light is not only very difficult to measure but
also challenging to interpret for generalized geometries, since the measurements usually depend on the spot size collected at the
photo-detector as well as on the different optical and magneto-optical responses that occur at different scattering angles [7,8].

An analysis of samples with significant roughness would be useful from an applied and industrial point of view, since it may allow a
low-cost non-invasive surface magnetic characterization of industrial samples. This is precisely the purpose of the SAMOKEM
project, which aims at achieving an understanding the MO response from complex magnetic surfaces, besides developing a
portable, compact and efficient tool for MO measurements. Specifically, we measure here the magneto-optical response of
polished industrial samples of varying average roughness R, which is of the order of the light wavelength and has a mean peak
spacing RS that is much larger than the observation wavelength (see figure I). For this purpose, we performed quantitative
MOKE measurements for diffusely scattered light with high signal-to-noise ratio using the table-top experiment developed for the
SAMOKEM prototype. Our study demonstrates that for these specific samples, the magneto-optical activity is monotonously
ncreasing as a function
of the scattering angle,
while preserving its field
dependent shape, ie.
the  hysteresis  loop
shape (see figure 2).
We  furthermore  find
that this behavior can be
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Figure 1. Light microscopy images of

the different samples employed in
this study. For the sake of roughness
comparison, all sample stripes are
aligned vertically. The scale shown in
(a) applies to all pictures. Below the
images, we show the scattered laser
spots corresponding to each of the
samples. A accounts  for  the
difference in between incidence and
scattering angles (A = 0 for specular
reflection).

Figure 2. Experimentally determined
Kerr rotation hysteresis loops for
different  scattering angles:  (a-g)
sample SI with small roughness; (h-
n) sample S3 with larger roughness.
For comparison, ~figure (a) also
displays ~ the  normalized  bulk
magnetization response of sample
Sl (which is equivalent for all
samples in our study) as a function
of the applied magnetic field.

explained by considering the diffused light reflected from
a rough surface to be equivalent to the reflection of light
from planar surface segments with varying incidence
angles. These results demonstrate the potential
applicability of the SAMOKEM tool for the analysis of
rough surfaces and therefore, we conclude that this kind
of quantitative magneto-optical characterization has the
potential to find wide-spread applications in industry.

[17 M. L, GC. Wang and HG. Min, ). App. Phys. 83, 5313
(1998)

[2] Y-P. Zhao, R. M. Gamache, G. C. Wang, TM. Ly, G
Palasantzas and J.Th.M. De Hosson, J. Appl. Phys. 89, 1325
(2001)

[3] P. Vavassori, L. Callegaro, E. Puppin, F. Malizia, and F. Ronconi,
J. Mag. Mag. Mater. 157, 171(1996)

[4] H.S. Nagaraja, KK. Nagaraja, and F. Rossignol, ]. Supercond.
Nov. Magn. 25, 1901 (2012)

[5] ). Swerts, S. Vandezande, K. Temst, and C. Van Haesendonck,
Solid State Commun. 131, 359 (2004)

[6] K. Zhang, M. Uhrmacher, H. Hofsdss, and J. Krauser, J. Appl.
Phys. 103, 083507 (2008)

[7] T. Verduci, C. Rufo, A. Berger, V. Metlushko, B. lllic, and P.
Vavassori, App. Phys. Lett. 99, 092501 (2011)

[8] M. Grimsditch and P. Vavassori, J. Phys. Condens. Matter 16,
R275 (2004)
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POLYMERS

PU/Acrylic waterbone hybrid adhesives: structure and properties

Paula Carretero! and Gerardo Martinez Rugerio?

! UPV/EHU-Polymat
2 CFM - CSIC-UPV/EHU

Waterborne PU/acrylic hybrid adhesives have been synthesized by miniemulsion polymerization. Two different initiation strategies
have been used; thermal initiation at 70°C and photoinitiation at 25°C. The nanostructure obtained with both types of initiations
as well as varying the process variables in the case of photopolymerization has been studied, as well as its effect on the final
adhesive properties of the hybrid systems.

PHOTON

Scattering and Near-field of infrared Nanoantennas

P. Alonso-Gonzdlez!, P. Albella!2, M. Schnell', |. Chen'?, F. Huth!3, A. Garcfa-Etxarri 245, F. Casanova'®, F. Golmar
'6, L. Arzubiaga', L. E. Hueso'?, J. Aizpurua 2, R. Hillenbrand'?

! CIC nanoGUNE, 20018 Donostia — San Sebastidn, Spain
2 Centro de Fisica de Materiales (CSIC-UPV/EHU) and Donostia International Physics Center (DIPC), 20018 Donostia-San Sebastidn, Spain
3 Neaspec GmbH, 82152 Martinsried Munich, Germany
4 Department of Materials Science and Engineering, Stanford University, Stanford, CA, 94305, United States
° IKERBASQUIE, Basque Foundation for Science, 4801 | Bilbao, Spain
©IIN.-TI-CONICET, Av. Gral. Paz 5445, Ed. 42, BI 650)KA, San Martin, Bs As, Argentina

Light scattering at nanoscale objects - such as particles and molecules - can be dramatically enhanced in the “hot spots” of
plasmonic antennas, where the incident light is highly concentrated. Although this effect is widely applied in surface- and field-
enhanced optical sensing, spectroscopy and microscopy, the underlying electromagnetic mechanism of the signal enhancement has
not yet been traced experimentally. To this regard, in this contribution we will present a new approach to resolve the role of the
antenna in the scattering process by studying the elastically scattered light from an individual object located in the well-defined hot
spot of single antennas. Understanding scattering processes in optical and IR nanoantennas is crucial to develop field-enhanced
spectroscopy, effective biosensors and control of coherence in quantum emitters, among other applications..

BASKRETE

Theoretical 2°Si NMR in Hydrated Portland Cement
Pawef Rejmak,' Jorge S. Dolado,? Malcolm J. Stott * and Andrés Ayuela'*

! Donostia International Physics Center (DIPC), p. Manuel de Lardizabal 4, Donostia-San Sebastidn, Spain
2 Tecnalia Research and Innovation, Geldo Edificio 700, 48160 Derio, Spain
3 Queen's University, Kingston, ON K7L 3Né, Canada
4 Centro de Fisica de Materiales CFM-MPC, Centro Mixto CSIC-UPV/EHU, p. Manuel de Lardizabal 5, Donostia-San Sebastidn, Spain

Hydrated Portland cement consists of 50-70 % in mass of calcium-silicate—hydrate (C-5-H) gel, an amorphous solid responsible
for most of the cement mechanical properties [1]. Although C-S—H gel is the most widely manufactured material in the world, its
exact nanostructure is not fully explained yet. The present atomistic models of C-S-H gel are based on two layered inosilicate
minerals, either jennite or tobermorite [2]. 2°Si MAS NMR is one of the most commonly used experimental technique for the
characterization of C-S—H gel [3]. However, NMR results are not able to unambiguously elucidate the structure of this complex
material.

We here present the first, up to the best of our knowledge, theoretical simulation of 2Si MAS NMR spectra for the structural
models of C-S-H gel [4]. Magnetic shielding tensor was calculated at the density functional theory level employing Gauge
Including Projector Augmented Waves

method [5]. The chemical shifts was obtained using selected silicates as the references. In order to simulate NMR spectra of
amorphous C-S—H gel we sampled fifteen different periodic models, derived from the experimental structures of jennite and
tobermorite. We found the best agreement between calculated and experimental MAS NMR spectra of C-S-H gel for
tobermorite based models with high Ca loading. We also investigated 2°Si chemical shift anisotropies and showed that this
quantity can discriminate various Si sites in C-S—H gel in much clearer way than isotropic chemical shift only [6].

[1] Taylor, H. F. W. Cement Chemistry, 2nd ed.; Thomas Telford:London, 1997.

[2] Richardson, I. G. Cem. Concr. Res. 2008, 38, 137—158.

[3] Richardson, I. G.; Skibsted, J; Black, J; Kirkpatrick, R. J. Adv. Cem. Res. 2010, 22, 233—248.
[4] Rejmak, P; Dolado, J. S.; Stott, M. J; Ayuela, A. J. Phys. Chem. C 2012, |16, 9755-9761.
[5] Pickard, C. J. and Mauri, F. Phys. Rev. B 2001, 63, 245101-245113.

[6] Rejmak, P.; Dolado, J. S;; Stott, M. J,; Ayuela, A. ]. Phys. Chem. C 2013, 117, 8374-8380.
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GRAPHENE

Exfoliation of graphene oxide using ionic liquids: experimental and molecular modelling approach

B Coto, M Blanco, N Uranga, ] Barriga, A Marcaide

IK4-TEKNIKER, Ifiaki Goenaga 5, 20600 Eibar, Spain
borja.coto@tekniker.es

Graphene, a one-atom-thick planar sheet of sp? hybridized carbon, has received much attention due to its outstanding properties
such as large specific surface area, high electrical and thermal conductivity, excellent chemical stability and mechanical stiffness.
Graphite, which is cheap and readily available, consists of stacked graphene sheets. Therefore, one of the most convenient
methods for the mass production of graphene sheets is the exfoliation of graphite in the liquid phase. Recently, many attempts to
produce graphene sheets in large quantities via chemical reduction of exfoliated graphite oxide (GO) have been reported. During
the oxidation process of graphite, the unique electronic properties of graphene dramatically degrade. The electrical conductivity of
the graphene oxide sheets can be partially restored by the reduction step; however, this results in their irreversible agglomeration.
Therefore, different  strategies to  disperse
oo graphene sheets before or during reduction step
XRDof experimental 60 and modelled GO have been used, including stabilization by various
. polymeric  dispersants  or  surfactants  and
o sira B covalent/non-covalent functionalization [1].

- = MMGO625%H20
— = MMGO125%H20

T peons In this context, ionic liquid (ILs) can be used for
- 7 pmsonsi functionalization of graphene. They can adsorb on
e the graphene surface through the noncovalent
interactions of anion and/or cation with graphene.
ILs present several advantages such as enhanced
ionic conductivity, thermal stability and excellent
mechanical properties. The graphene modified
with ILs are endowed with improved conductivity,
excellent hydrophilicity and positive charged [2].
The repulsion between the resultant cation-
00 - charged GO sheets, the charge transfer between
the ions and graphene and the high solubility of
the grafted IL contribute to the exfoliation of
graphite into graphene sheets and to prepare
long-term stable graphene dispersions using ILs
(3]
In this work, several ILs with different chemical
structures have been synthesized and employed
for the modification of graphite and graphite oxide
in order to show the possible exfoliation of
graphene layers in both materials. The graphite
oxide employed for the study has been prepared
by the Hummers method. The average interlayer
spacing between the exfoliated graphene layers in
graphite and graphite oxide has been measured by
X-ray diffraction (XRD) (figure 1). Molecular
dynamics simulations were also used to study the
influence of ILs in the interlayer spacing (figure 2).

Intensity (Arb. Units)

Figure 2. Molecular model of graphite oxide with adsorbed water.

[17 ™M Tunckol, ] Durand, P Serp, Carbon, 50 (2012) 4303-4334.

[2] R Marcilla, M Sénchez-Paniagua, B Lépez-Ruiz, E Lépez-Cabarcos, E Ochoteco, H Grande, D Mecerreyes, Journal of Polymer Science Part A:
Polymer Chemistry, 44 (2006) 3958-3965.

[3] MH Ghatee, F Moosavi, Journal of Physical Chemistry C, 115 (2011) 5626-5636.
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SAMOKEM

Focused electron beam induced deposition and magneto-optical magnetometry of cobalt nano-
structures

O. Idigoras!, E. Nikulina!, P. Vavassori'?, A. Chuvilin'?, and A. Berger!

I CIC nanoGUNE Consolider, Tolosa Hiribidea 76, 20018 Donostia-San Sebastian, Spain
2 lkerbasque, Basque Foundation for Science, Alameda Urquijo 36-5, 4801 | Bilbao, Spain
oidigoras@nanogune.eu

The ability of fabricating and characterizing nanostructures with high precision is of crucial importance for a wide range of
technological applications, such as for instance, in semiconductor industry. Even though structuring of nanoscale systems may be
achieved by different lithography techniques [ 1], focused electron beam induced deposition (FEBID) has recently attracted a very
substantial amount of interest [2,3]. FEBID is based on the electron-induced dissociation of a molecular precursor gas into volatile
and non-volatile components, which then deposit onto surfaces [3,4]. One of the most attractive features of this technique is the
rapid prototyping, because it is a one-step technique. Moreover, FEBID allows for the fabrication of 3-dimensional complex
nanostructures in a wide range of materials. In this work, we have fabricated several Co nanostructures by means of FEBID,
including wires where lateral dimensions were shrunk down to 30 nm, as well as 3 dimensional nano-pillars. Their magnetic
properties have been measured by means of a magneto-optical Kerr effect (MOKE) microscopy [5], which is a powerful technique
to image magnetic domains, as well as characterize individual properties of magnetic nanostructures. Thus, this work is tightly
connected to the SAMOKEM project of nanolKER.

®) 1 © FEBID of Co structures has been done by using a commercial Helios
) NanolLab™ DualBeam™ system (FEl, Netherlands). Figure | (a)
shows a scanning electron microscopy image of a 30 nm wire, while
figure | (e) displays an array of pillars that are 80 nm wide and 210
nm high. In order to get the right composition, lateral resolution and
desired shape of the structures one needs to find the optimal
deposition parameter conditions. Both structures were made at
@ 1} @) constant values of background pressure (6x10° Pa), step size (5 nm)
and sample to gas injection system distance (50 pm). While the 30 nm

» wide wire was produced using a high electron beam energy of 30 kV,
E : an electron beam current of 2.7 nA and 6x10° Pa precursor gas
pressure, the nanopillars were obtained by using an electron beam
-1 energy of 2 kV in conjunction with an electron beam current of 86

=20 =0, (;’nn"’ 20 pA and 8x10* Pa precursor gas pressure.

Figure I: (a) and (d) show scanning electron microscope images  The magnetic analysis was carried out with an optical wide-field

g‘?;s%gvflyz%anfn? gghwg?ewiingea%%g?ag(rja)éyog‘e(g%a”g?agf polarization microscope optimized for Kerr microscopy (Evico

induced  deposition. (b), () and (e) display hysteresis loops Magnetics GmbH, Germany). The microscope is equipped with a high
measured in these structures by Kerr effect microscopy. While (b)  sensitivity CCD camera that is capable of taking magnetic-contrast
and (c) show hysteresis loop measured for the 30 nm wide Co wire images down to 25x20 um? sample surface areas, divided into
((b) s a single shot measurement and () an average of 9 109 ) 572,768 pixels. The key feature of our approach is that we can
cycles), (e) shows the hysteresis loop measured for the Co p Y app . )
nanopillar array in (d). measure the field dependent local magnetization, either in-plane or
out-of-plane, by selecting an arbitrary (shape, size, and position in the
field of view) region of interest (ROI) on the CCD camera pixel array, and use this array selection as a conventional light intensity
detector. In this way, we can maximize the magneto-optical signal, resulting in an optimized signal-to-noise (S/N) ratio. The
advantage of our approach is evident from the measurement reported in Fig. |(b), where we demonstrate that we are able to
record a single shot hysteresis loop with an average S/N of 4.| per data point for a 20 nm high Co wire that is only 30 nm wide
(Fig. | (a)). Renormalizing this result to the commonly used detection criterion (S/N = 2), we conclude that our measurements
are sensible to a magnetic moment of only 2 x 10> Am?% By comparing our results to other magnetometry techniques such as
the latest generation SQUIDs with their sensitivity in the 1012 - 103 Am? range, it becomes obvious that MOKE microscopy
based magnetometry allows for true nanoscale magnetic characterizations. Figure | (c) shows an average over 9 single shot
measurements for the 30 nm wide wire. Here, we find that the S/N has increased by a factor of almost 3. This confirms that we
could measure even smaller structures with less than 10 nm width.

o

Intesinty (a.u.)
1
WM

=100 0 100 =100

H (mT) H (mT)

For the 30 nm wide wire, one observes a rectangular hysteresis loop with a coercive field of 75 mT (Fig. | (c)), i.e. the expected
behaviour given that the external field is applied along the wire length, which is the easy axis of magnetization due to shape
anisotropy. In the case of hysteresis loops measured in a periodically ordered 20 x 20 nanopillar array (Fig. | (e)), a center-pinched
structure is found with reduced magnetization in the remanent state and a plateau-like feature at low applied fields, i.e. a behavior
that arise due to the magnetostatic coupling between adjacent pillars if exchange coupling is low or absent.

Our results demonstrate that the combination of FEBID and MOKE microscopy makes it possible to explore magnetization
reversal properties of individual and collective nanostructures andthus opens up a broadly applicable avenue to perform systematic
research on nano-scale magnets.

[T M. Geissler and Y. Xia, Adv. Materials |6 (2004) 1249.

[2] G. Boero, I. Utke, T. Bret, N. Quack, M. Todorova, S. Mouaziz, P. Kejik, J. Brugger, R. S. Popovic and P. Hoffmann, Appl. Phys. Lett. 86 (2005)
042503.

[3] L. Serrano-Ramén, R. Cérdoba, L. A. Rodriguez, C. Magén, E. Snoeck, C. Gatel, I. Serrano, M. R. Ibarra and J. M. De Teresa, ACS Nano 5, (201 1)
7781.

[4] E. Nikulina, O. Idigoras, P. Vavassori, A. Chuvilin and A. Berger, Applied Physics Letters 100, (2012) 142401.
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POLYMERS

Nanostructuring of thermosetting matrices with block copolymers

Galder Kortaberria
UPV/EHU - GMT

Nanostructuring of epoxy thermosetting matrices with block copolymers has been carried out by using different types and
amounts of block copolymers such as poly(styrene-b-butadiene-styrene) (SBS), poly(styrene-b-ethylene oxide) (PSEO) or
poly(isoprene-b-methylmethacrylate) (Pl-b-PMMA). Different morphologies have been obtained depending on the copolymer
amount and curing conditions. The effect of block copolymers on the cure reaction kinetics has been also analyzed. Obtained
nanostructures have been used for the selective placement of nanoparticles in the generated nanodomains.

PHOTON

Influence of Quantum effects on Plasmonic systems

R. Esteban and J. Aizpurua

Centro de Fisica de Materiales, Centro Mixto CSIC-UPV/EHU and Donostia International Physics Center (DIPC), Donostia-San Sebastian, 20018, Spain,
ruben_esteban@ehu.es

Metallic particles of nanometer dimensions support plasmonic resonances at optical and infrared frequencies, which are often
exploited to obtain very strong and localized near fields. A system of particular interest is a dimer consisting of two particles
separated by a very narrow gap. For most practical purposes, this system can be studied classically, describing the material by its
permittivity and solving the Maxwell equations. However, for subnanometer separation distances quantum tunneling can strongly
modify the optical response, changing the modal structure and suppressing the intensity of the local fields at the gap. Here, we
discuss the behavior of dimers on these classical and quantum regimes, and discuss a simple method developed to include the
influence of quantum tunneling on calculations of large plasmonic system. We last discuss recent experimental results
demonstrating the emergence of the quantum effects on plasmonic systems with very narrow gaps. Quantum effects might be
crucial in a variety of applications ranging from field-enhanced spectroscopies to biosensing and microscopy technologies involving
the subnanometric scale.
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BASKRETE

Molecular modelling of shear deformations in ordered and disordered Calcium Silicate Hydrates

Hegoi Manzano, Enrico Masoero, Ifigo Lopez-Arbeloa, H. M. Jennings
UPV/EHU

The calcium silicate hydrate (C-S-H) gel is the phase that provides cohesive strength to cement. The mechanical properties of the
C-S-H gel at the molecular level are key to the durability of infrastructures made of concrete, controlling macroscopic properties
such as creep. Unfortunately, the existing experimental techniques cannot access the nanostructure and properties of this very
heterogeneous phase, which implies a lack of understanding on the molecular scale mechanisms governing creep. Under this
scenario, atomistic simulations constitute a valuable alternative. In this work we study the mechanical response of a C-S-H gel
disordered model under large shear deformations using reactive force field simulations. First, we calculate elastic properties of the
system. Then we apply deformations beyond the elastic limit, analyzing the localization of stresses and strains. Our results point to
the importance of water in creep, so we complement the study simulating systems with different water contents. Finally, the
energy barriers under strain are employed to link the strain and time for the material. Implications of our findings for a colloidal
description of the C-S-H gel mechanics and for the macroscopic properties of cement are discussed.

GRAPHENE

Water-borne graphene/polymer composites: colloidal stability issues
A. Arzac, G.P. Leal, R Tomovska

UPV/EHU-Polymat

We present synthesis of water borne polymer graphene composites for possible application as electrically conductive coatings in
the next-generation material for nanoelectronic devices. Since the colloidal stability of the prepared hybrid dispersions is an issue
of great significance for water borne products, it was performed a systematic study toward stable colloidal aqueous
polymer/graphene hybrid latexes, capable to form composite films by water evaporation at standard atmospheric conditions. The
main route that was followed is to stabilize firstly the graphene nanoplatelets (GNPs) or reduced graphene oxide (rGO) in water
by means of different surfactants following liquid phase exfoliation procedure (LPE), composed of subsequent sonication and
centrifugation. Starting from these stable graphene aqueous dispersions, water borne polymer hybrid dispersions were prepared
by two procedures: emulsion mixing (blending) and in situ polymerization. The selected polymer system is composed from
poly(methyl metacrylate/butyl acrylate) in 50/50 wt% ratio in order to obtain glass transition temperature (Tg) of the final film
lower than room temperature. The semicontinuous seeded emulsion polymerization has been used to prepare the polymer
nanoparticles aqueous dispersions (latexes) to be used for emulsion mixing, and to prepare hybrid latexes by in situ reactions.
Very stable hybrid dispersions were prepared, which have shown to be a valuable tool toward composite films containing highly
ordered rGO platelets in the polymer matrix.
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