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In the presented study, we investigated differences in the
microstructure of thin gold layers and layers of gold
nanoparticles with a focus on their thermal development.
Thin films composed of nanoparticles are interesting for
applications because of their inherent high porosity, which
is essential for gas sensing, efficient batteries, catalysis or
hydrogen storage applications. The thermal stability of
nanoparticle layers depends on chemical and phase compo-
sition, the configuration of nanoparticles or the atmosphere
in which they are heated up and it is critical for multiple ap-
plications of gold nanoparticles.

The homogeneous gold nanoparticles in our study were
prepared by magnetron sputtering from pure metal targets
followed by aggregation of fragments to the metallic clus-
ters, by so-called gas aggregation cluster sources. The gold
thin films for comparison were prepared by evaporation
and by sputtering. A Series of samples with various thick-
nesses deposited on silicon substrates were characterized

SL2

after preparation and also under annealing up to 1000 °C in
the air atmosphere.

Size distribution and morphology of nanoparticles were
determined by small angle X-ray scattering (SAXS),
atomic force microscopy (AFM) and confirmed by scan-
ning electron microscopy measurements (SEM) for ex-situ
annealed samples. In-situ measurements of X-ray diffrac-
tion were used to characterize the thermal evolution of lat-
tice parameters, microstructural defects and sizes of
crystallites.

The as-deposited gold nanoparticles contain a large
amount of stacking faults (up to 6 %) and also significant
microstrain in the crystal structure. During annealing, or-
dering of the structure is observed together with the
step-like increase of the sizes of crystallites following the
increase of the sizes of whole nanoparticles. The occur-
rence of the holes in the substrates after heating to the high-
est temperatures was successfully explained.
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Reciprocal space mapping (RSM) is a method of X-ray
analysis which can provide us with useful structural infor-
mation about studied samples, such as mismatch, strain, re-
laxation and defects of epitaxial grown layers on a
substrate [1].

The studied samples consisted of large array of Ge and
SiC microcrystals grown by Low-energy plasma-enhanced
chemical vapor deposition (LEPECVD) technique [2].
This method enables fast, low-temperature epitaxial
growth of crystals onto micrometer-scale tall pillars etched
into Si(001). The method was developed at ETH Ziirich,
where the samples were also prepared in the group from H.
von Kénel [3]. It enables to grow relatively thick layers
with different lattice parameters of high structural quality
[3, 4]. The samples were subjected to X-ray study in order
to obtain structural information.

In our experiment we used Rigaku SmartLab
diffractometer, which uses X-ray source with characteristic
wavelength of 0.154 nm and a hybrid multi-dimensional
pixel detector HyPix-3000. The data acquisition by the de-
tector can be done in 0D, 1D and 2D regime. For our analy-
sis we opted for the linear regime. We placed the sample on
a goniometric table and put a series of linear slits and
monochromators between the source, sample and the de-
tector. First we measured QxQz reciprocal space maps
(RSMs) around symmetric and asymmetric diffractions of
the samples at two different azimuths (0° and 90°), particu-
larly (004) and (224) for Ge and (004) and (113) for SiC,
from which we obtained the lattice parameter, strain and re-
laxation of the array of microcrystals.

The next part of our measurement was aimed to obtain
RSMs of the samples in the plane parallel to sample surface
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Figure 1. QxQy RSMs for a) Ge and b) SiC samples. In a) the maximum was cut out in order to showcase the satellite maxima. The
maxima originate from crystal lattice bending and they copy a four-fold symmetry of microcrystal geometry. The satellite maxima in
b) correspond to cuts through streaks {111} originating from defects (stacking faults) in the SiC microcrystal layer [7].

(QxQy). This is impossible to do with standard laboratory
set-up, which enables us to measure only the QxQz plane
of the reciprocal space. One way of obtaining the QxQy
RSM for certain Qz is to measure multiple QxQz RSMs at
different azimuthal rotations and transforming them using
Radon transform [5]. Radon transform is a mathematical
method used to construct 3D intensity images from 2D
slices, commonly used in computer tomography [6].

We measured RSM of one diffraction maximum, par-
ticularly (004) and (002) for Ge and SiC respectively, at
different azimuths ranging from 0° up to 180° with a 2°
step. The QxQz RSMs measured at different azimuthal an-
gles were transformed into a series of sinograms, from
which it was possible to obtain series of QxQy RSMs for
the measured range of Qz positions. Examples of recon-
structed QxQy RSMs are shown in Figure 1.

The obtained QxQy RSMs for different Qz form set of
slices through the reciprocal space which can generally
built a 3D RSM. The distribution of scattered intensity in
3D reciprocal space can then provide another view on anal-
ysis of structural defects such as local lattice strain, misfit
dislocations or stacking faults present in the studied
samples.
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Surface spin disorder or canting arises from the breaking of
exchange bonds and the breaking symmetry of the lattice,
and thus crucially determines the performance of magnetic
nanoparticles (NPs) and their potential technological and
biomedical applications [1, 2]. Despite an enormous inter-
est and technological relevance of magnetic NPs, there is
still a lack of knowledge on the magnetic NPs spin struc-
ture. Due to the surface-to-volume ratio, surface effects
will be closely related to the particle and coherent domain
size. However, it is difficult to isolate the surface contribu-
tion from the bulk effects using macroscopic magnetization
techniques, such as magnetization measurements, ferro-
magnetic resonance, Mdssbauer spectroscopy [3], X-ray
magnetic circular dichroism [4], and electron energy loss
spectroscopy [5]. A spatially resolved magnetization is re-
quired to unveil and disentangle the surface contribution.
Half-polarized small angle-neutron scattering (SANSPOL)
enables us to investigate the magnetization on the
nanometer scale [6]. Our previous study has proven that the
magnetic volume in ferrite NPs is not fixed at the coherent
domain size but increases with the applied magnetic field
[7]. This implies that the applied magnetic fields polarize
the disordered surface spins, leading to an increase in the
magnetic size of the NPs [7].

In this contribution, we will present the size depend-
ence of the disorder energy and the surface anisotropy in
spherical CoFe,O4 NPs with different coherent domain
sizes range of 3.1(1), 6.3(2), and 8.6(1) nm synthesized us-
ing the oleate-based solvothermal method [8] with narrow
size distribution confirmed by transmission electron mi-
croscopy (TEM) and small-angle X-ray scattering (SAXS).
Rietveld’s analysis shows that coherent domain size is
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smaller than mean particle size, suggesting a possible pres-
ence of a spin disorder or canting. The spatial magnetiza-
tion distribution obtained from SANSPOL reveals
significant magnetic field dependence of magnetized vol-
ume for each sample, but with different degrees of the total
magnetized NP volume. Ultimately, we will discuss the
particle and coherent size dependence of the surface aniso-
tropy constant.

We greatly acknowledge Dr. Jana Havlickova for the TGA
analysis, and Dusan Rohal for synthetizing 1 samples. We
acknowledge the Institut Laue-Langevin, Grenoble,
France for the provision of beamtime at the instrument
D33 and Dr. Nina J. Steinke for the technical support at the
instrument.
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Figure 1. Schematic presentation of the size dependence of magnetized volume growth in applied magnetic field. Grey and
brown particle part corresponds to the disorder and magnetized volume of nanoparticles.
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Saponification, resulting from pigment-binder interactions
is one of the most dangerous degradation phenomena af-
fecting the appearance and stability of paintings. The crys-
tallization of metal carboxylates (soaps) is assumed as a
critical point for the development of undesirable changes
manifested as protrusions, efflorescence, darkening and
etc. However, factors triggering this process are not fully
understood, limiting the development of a suitable strategy
for conservation and preservation of precious works of art.

Previous research of the portrait miniatures [1] has re-
vealed presence of different types of crystalline metal
carboxylates frequently in a conjoined occurrence of lead
white (2PbCO;-Pb(OH),) and cinnabar (HgS) pigments in
paint layers, exceptionally even without presence of any
lead-based pigment. These findings indicated that HgS as-
sists to the formation of Pb and/or Hg carboxylates. Never-
theless, its role in the reaction mechanism has to be
clarified.

The paucity of reliable reference structural data limited
the experimental research of HgS effect on the pig-
ment-binder interactions on molecular level. In our previ-
ous research [2], the long chain simple and mixed mercury
(IT) carboxylates in the series Hg(C16),(C18),« (x= 0.0;

0.2;0.5;0.8; 1.0; 1.2; 1.5; 1.8; 2.0) were synthesized in the
form of pure polycrystalline powders and characterized by
XRPD, ssNMR, FTIR and DSC. The crystal structure of
the studied mercury carboxylates was described on the ba-
sis of complementary ssNMR and XRPD measurements,
Rietveld refinement and DFT calculations. All the sub-
jected compounds crystallize in a monoclinic lattice of the
C2/c symmetry. Mercury atoms are arranged in a slightly
distorted square antiprismatic geometry and are
monodentatically bonded to carboxylate anions. The struc-
tural disorder at the aliphatic end of the stearic acid chains
was detected in the mixed carboxylates.

The synthesized and characterized metal carboxylates
were applied for the study of formation of metal soaps in
model experiments simulating egg and/or oil-based paint
systems consisted of lead and/or mercury-based pigments,
and furthermore for the study of their crystallization in
oil-based polymeric matrix.

1. S. Garrappa, D. Hradil, J. Hradilova, et al., Anal. Bioanal.
Chem., 2021, 413, 263-278.
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Quantum dots (QDs) are strongly confined semiconductor
nanoparticles that exhibit novel and size-tunable properties
as a result of quantum confinement effects in the particle
size regime comparable to their Bohr excitonic radius. QDs
have been rigorously studied to employ their desirable
properties in optoelectronic devices; these very same
size-tunable optoelectronic properties have also been in-
vestigated for potentially widespread use in sensing and
imaging applications in biological systems [1-3]. CdTe is
such a II-VI semiconductor compound, whose particle size
can be tailored to exhibit luminescence across the visible
spectrum [4]. However, to make CdTe a suitable material
to be used in biological systems, it must be made water-sol-
uble with the use of a biocompatible ‘capping’ material;
capping the CdTe QD also affords it increased mechanical,
chemical and luminescent stability [5]. The choice of func-
tional group of the material used to cap the CdTe QD also
lends to it easily tuneable surface properties that can be
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Figure 1. XRD analysis of the synthesised CdTe@TGA QDs
refluxed for 15mins

used in biomedical tracking and drug delivery applications
[6].

In the present work, we have synthesised and studied a
series of CdTe QDs capped with four different thiols: (i)
Thioglycolic acid (TGA), (ii)) Mercaptoethyl amine
(MEA), (iii) L-Cysteine (L-Cys), and (iv) Glutathione
(GSH). An aqueous route was employed to synthesise all
the samples, with varying reflux times for the different
thiols used for capping. Fig.1 illustrates the confirmation of
the cubic CdTe phase of the seed material from the XRD
analysis of the synthesised CdTe@TGA QDs refluxed for
15mins; highest intensity characteristic (111) peak was fur-
ther analysed to calculate the lower limit of crystallite size
(2.4nm), interplanar spacing (3.65 A), lattice constant
(6.32 A), microstrain and dislocation density. HRTEM and
SAED studies further supported the results obtained from
the XRD analysis. Fig.2 shows the comparison of the FTIR
spectra of the CdTe@MEA QDs with the FTIR spectra of
MEA; evidence of cleavage of the H-SR bond in thiols and
simultaneous formation of the Cd-SR bond was used to

Mercaptoethyl Amine
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Wavenumber (cm™)

Figure 2. Comparison of the FTIR spectra of the synthesised
CdTe@MEA QDs with the FTIR spectra of MEA
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Figure 3. UV-visible absorption spectra of the synthesised
CdTe@L-Cys QDs refluxed for different times.
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Figure 4. Photoluminescent emission spectra of the synthesised

CdTe@GSH QDs refluxed for different times. Inset shows the
deconvolution of the emission peaks at longer reflux times.

confirm the successful capping of all the thiols to the sur-
face of the CdTe QDs.

Fig.3 shows the UV-visible absorption spectra of the
synthesised CdTe@L-Cys QDs refluxed for different
times. All synthesised samples exhibited blue-shift in ab-
sorption edge as compared to the bulk CdTe, confirming
the strong size confinement of the nanoparticles; with in-
creasing reflux time, the absorption edge shifted gradually
to longer wavelengths for all samples. Band-gap energy
was obtained from the Gaussian-fitted peak position of the
1™ derivative of absorption v/s energy plot; tight binding

approximation model was used to calculate the size of the
QD from the band gap energy. Particle size growth with in-
creasing reflux time was observed for all samples:
CdTe@GSH reached a predetermined particle size (4nm)
the fastest (90mins) when compared to the other thiol
capped CdTe QDs, while the CdTe@MEA QDs were un-
able to attain the same particle size even after 390mins of
reflux time. To understand the growth mechanics, varia-
tions of concentration and particle size distribution of the
synthesised thiol-capped CdTe QDs with respect to in-
creasing reflux time and particle size was studied. Evi-
dence of separation between the nucleation and growth
processes, and identification of three distinct growth re-
gimes (focusing, defocusing and equilibrium) allowed us
to confirm the dominance of Ostwald ripening processes
during the particle growth.

Fig.4 shows the photoluminescent emission spectra of
the synthesised CdTe@GSH QDs refluxed for different
times. At shorter reflux times, all samples exhibit nar-
row-width single peak emission, which gradually shifts to
longer wavelengths, from green to yellow to orange to red,
with increasing reflux time and particle size. At longer re-
flux times, deconvolution of the emission peak into Gaussi-
an components was done to qualitatively investigate the
contribution of emission from different sized particles, as
can be seen in the inset of Fig.4; comparison of the compo-
nent peaks at different times suggests that as reflux time in-
creases, emission intensity contribution from larger
particle sizes increases. Zetapotential analysis was con-
ducted to obtain the surface charge of the synthesised
thiol-capped CdTe QDs to study the effect the different
functional groups on the surface of the QD; DLS analysis
was conducted to obtain the hydrodynamic diameter of the
synthesised thiol-capped CdTe QDs.
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NiTi possess unique shape memory and pseudoelastic
characteristics. In this research, a dog-bone shaped sample
of NiTi is being analysed under X-ray Computed Tomog-
raphy. Deformation characteristics of NiTi have been stud-
ied due to their increased demand in the miniaturized
applications. The in-situ tensile testing was performed at
-20C with different load i.e., 10N, 150N, 220N and 300N
using Deben chamber of Xradia Versa 610, Zeiss. The
sample had 4.2 mm gauge length, 1 mm width and 1 mm
height. The reconstructed images and large number of
pores/inclusions were being analysed using DragonFly
software. Images obtained under different loading were

compared, dimensional changes in the pores/inclusions
were determined as well as changes in the distances
amongst different pores were calculated. The sample
showed 1 % deformation at 150N, 3.80 % at 220N and 5.4
% deformation at 300N.

1. Otani, J., & Obara, Y. (Eds.). (2004). Xray CT for
Geomaterials: Soils, Concrete, Rocks International Work-
shop on Xray CT for Geomaterials, Kumamoto, Japan.
CRC Press.

2. Carmignato, S., Dewulf, W., & Leach, R. (Eds.). (2018).
Industrial X-ray computed tomography. Cham: Springer
International Publishing.
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Figure 1. Different size pores shown with different colours at 220 N and -2 0°C.
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