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In February of 2022, I joined Paavo Penttilä’s Biobased Materials 

Structure research group at Aalto University as a PhD researcher. 

We probe the structure of bio-based materials, chiefly wood, 

through the use of X-ray scattering techniques and machine 

learning algorithms. Currently, my work in the NNxWOOD 

project focusses on processing X-ray scattering data with an AI-

based approach to analyze the nanostructure of wood. 
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Small and wide-angle x-ray and neutron scattering on wood and other (ligno)cellulosic materials can be applied 

to improve our understanding of their structure [1]. The development of methods for characterization is 

important for the understanding of the anatomical composition and nanoscale structure of biobased materials— 

this is fundamental to their utilization for sustainable applications. Machine learning (ML) and artificial 

intelligence (AI) techniques and strategies are able to provide innovative analysis approaches that can shed a 

new light to state-of-the-art experimental results from wood materials. Hopefully, these studies will lead to a 

more detailed picture of the structure of wood cell walls that will feed the development of advanced sustainable 

applications and promote the further usage of this renewable material. 

Scanning x-ray scattering with a beam size of about 30x30 µm² at the ID02 beamline of the ESRF synchrotron 

was used to observe wet and dry Norway spruce samples. The measurements were done at an x-ray energy of 

12.23 keV, an exposure time of 0.2 s each, and a sample to detector distance of 1.4 m for the small-angle 

scattering and 13.888 cm for the wide-angle scattering. Detector images were mirrored and further processed to 

extract the equatorial and meridional, anisotropic scattering intensities. These were fitted to obtain structural 

parameters such as lattice spacings and packing distance between microfibrils [2]. 

The results of the fitting from dry and wet samples have been analyzed with principal component analysis 

(PCA) algorithms to depict the statistical information related to water content and wood structure. PCA is a 

form of unsupervised learning that can be complimentary to other forms of ML [3]. The principal components 

(PCs) were later fed to a clustering algorithm to differentiate types of wood tissue (earlywood/latewood). The 

first PC can be used to tell apart earlywood and latewood in the x-ray scattering results. The choice of clustering 

algorithms produces different groupings in the data and is able to tell apart samples (wet/dry) and 

latewood/earlywood based on the clustering method and the selected PC. Additionally, the behavior of PCs can 

be reinstated in experiments of a different nature [4]. Currently, a similar study using near infrared spectroscopic 

imaging is being conducted following the same analysis strategy. Preliminary results reassure the information 

provided by the different PCs and the outlook moves towards new automated procedures that will lead to more 

sophisticated supervised learning algorithms. 
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Abstract 

Carbonic anhydrases (CAs) catalyze the conversion of carbon dioxide and water into carbonic acid, protons, 

and bicarbonate ions. These enzymes are of tremendous importance because of their clinical, 

biotechnological, and industrial applications [1-3]. They have also recently emerged as environment friendly 

catalysts that could be used to achieve sustainable development goals set by the United Nations [4]. Here, a 

γ-type carbonic anhydrase from Caloramator australicus (γ-CaCA) has been expressed, purified, and 

characterized. The enzyme sequence was obtained from 16S rRNA microbial community profiling of three 

sites from the geothermal springs of Polichnitos (Lesvos, Greece). The γ-CaCA sequence was amplified by 

PCR, cloned, and expressed in E. coli as a 6-His tagged protein. The structure of the γ-CaCA was determined 

by X-ray crystallography using diffraction data collected at a synchrotron source and refined to 1.11 Å 

resolution, the highest resolution so far among γ-CA structures. The γ-CaCA structure is a trimer with three 

chains (A, B, C) and contains three zinc binding sites at the interface of neighboring subunits of the trimer. 

Two formate ions were identified between chain A and chain C. Structural differences with other γ-CAs have 

been identified and will be discussed.  
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Abstract: -  

The atomic-level understanding of the active sites and transformation mechanism under realistic 
conditions is a prerequisite for the rational design of a high-performance photocatalyst.  A detailed 
study of photocatalytic-driven atomic structure and electronic transformation of core@shell 
Ni/NiCO3/NiO photocatalysts was carried out using ambient pressure X-ray photoelectron 
spectroscopy under 1 mbar H2O pressure at SPECIES beamline. Ni@NiCO3/NiO, with metallic Ni0 core 
and mixed NiCO3 and NiO shell, is a visible light active photocatalyst used for water splitting to 
hydrogen.[1] Many interesting reversible structural and electronic transformations are observed 
when subjected to a combination of water vapor and visible light. However, when exposed to light 
under UHV conditions, no changes could be observed in the electronic structure of the catalyst. The 
APXPS data shows, that in 1 mbar water vapor pressure and under visible light illumination, Ni0 is 
oxidized to NiOOH, (Figure 1) giving direct evidence that it is the metallic Ni0 that absorbs the visible 
light and frees up an electron. These electrons are further utilized for the reduction of hydrogen ions 
in the hydrogen evolution reaction (HER). The in-situ experiments were repeated several times, and 
the Ni0 oxidation and reduction occur reversibly under the light on/off conditions at 1 mbar. 
Furthermore, as a resolute of our study, we outline the role of the carbonates and their participation 
in the reaction mechanism, something which is rarely investigated in terms of their role in 
photocatalysis. 

 
Figure: - 1 Insitu XPS measurements of chemical states of nickel during in situ photocatalysis under 
visible light illumination on and off 
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This presentation describes and discusses a recent experimental campaign carried out as a 
collaboration between the multiscale mechanics of materials research group of Tampere University 
(IMPACT, https://research.tuni.fi/impact/) and the DanMAX beamline of the MAX IV laboratory 
(https://www.maxiv.lu.se/beamlines-accelerators/beamlines/danmax/). This collaboration is part of 
an ongoing work aiming to develop future high strength steel alloys, whose mechanical properties are 
enhanced by a phase transformation from face centered cubic austenite to (near) body centered cubic 
martensite taking place at an optimal rate when the material is externally loaded.   

The experimental campaign involved the development of novel experimental methodology for the in-
situ characterization of mechanically induced solid-state phase transformations across a wide range 
of deformation rates. For this, a custom-built mechanical loading frame was incorporated into the 
DanMAX beamline so that high frequency (250 Hz) diffraction measurements could be carried out in 
transmission geometry on a bulk metallic specimen during loading (Fig. 1). The test setup was 
supplemented by an optical camera which allowed contactless in-situ deformation measurement of 
the specimen.  

With the developed test setup, material phase fractions can be measured with high temporal 
resolution during loading. For example, in a test lasting less than one second, over hundred diffraction 
frames were collected and precisely correlated with the external loading and amount of deformation 
in the test specimen. This is a major advancement in the field of metallurgy and mechanical behavior 
of materials, since obtaining similar data with traditional techniques would involve a very labor-
intensive and time-consuming series of interrupted tests and (destructive) metallurgical 
characterization. 

 

Fig. 1. Overview of the test setup 
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Heavy elements and some nitroimidazoles can both act as radiosensitizers – agents that boost the 
effectiveness of radiotherapy – and their radiosensitizing properties manifest through different 
mechanisms. In an effort to see how the overall radiosensitivity might be affected when the two 
radiosensitizers are combined in the same molecule, we set out to investigate the gas-phase 
photodissociation of two brominated nitroimidazoles and a bromine-free reference sample in our 
recent work. [1] Synchrotron radiation at MAX IV was employed to ionise electrons from selected 
orbitals and energy-resolved multiparticle coincidence spectroscopy was used to study the ensuing 
dissociation. We observed dicationic brominated samples releasing notable amounts of ionic 
fragments capable of mediating damage to cells. Ionisation of different nitrogen 1s sites was also 
noted to have a major effect on fragment production. Additionally, bromination increases both the 
likelihood of being ionised per a given radiation dose and the rate of secondary ionisations via Auger 
cascades. Therefore, heavy-element substitution of nitroimidazoles appears to be a viable path 
towards new, multifunction radiosensitizer drugs. 
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Carbon fiber reinforced polymer (CFRP) composites have been used as lightweight materials for 
energy-saving transportation, aerospace, and other vehicle applications for several decades. Reliable 
failure prediction of CFRP laminates is a key to improve the design of durable CFRP structures. 
However, advanced composite materials are often assembled into anisotropic systems due to the 
directional fibrous layers. It is very challenging to predict failure of these materials due to the complex 
changes in stress field, delamination, and multiple failure modes upon evolution of damage. In 
addition, for impact loads, the damage grows into complex 3D crack patterns inside the fiber 
reinforced laminates. Clearly, understanding the effects of the lay-up and strain rate on the damage 
and final failure phenomena is crucial for engineering design of impact damage tolerance. Recently, 
the ultra-fast synchrotron X-ray imaging has proven to be a powerful tool to detect internal damage 
growth non-destructively in multi-scale materials due to the high spatial resolution [1,2]. In our recent 
research, we have focused on the characterization and prediction of damage initiation and 
propagation in composites at high impact velocities. To investigate the fast-occurring damage 
progression in CFRPs, mechanical testing was performed using operando ultra-fast synchrotron X-ray 
phase contrast imaging (XPCI) at the ID-19 beamline at European Synchrotron Radiation Facility (ESRF). 
The application of XPCI was synchronized with the Split Hopkinson Pressure bar device, which 
provided the mechanical impact loading. The dynamic experiments were recorded with the 
synchrotron operating in the so-called bunch mode, where 16 equally spaced and highly populated 
electron bunches are injected into the storage ring for the use. The compressive mechanical response 
including load and strain was correlated with the in-situ observation of damage projection of the 
composite specimens. XPCI was used for the first time to track crack onset and evolution in a CFRP 
laminate within ≈100µs, for in-plane and out-of-plane directions. XPCI analysis indicated that these 
CFRP specimens, under out-of-plane compression, failed by forming a 45˚-angled (shear) failure and 
disintegrated the laminate into two pieces lateral to the compression direction. CFRP specimens 
compressed in the in-plane direction showed the splitting of the specimen in the longitudinal direction 
at the interface of the 0° and ±45° angled layers. It is summarized that XPCI provides a tool to assist in 
observing the projected internal damage formation at high strain rate. The observations are also 
expected to provide reference for numerical predictions of damage initiation and evolution in practical 
CFRP lay-ups. 
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The emissions of CO2 throughout the world are rapidly increasing and a major amount of this emissions 
are counting from Portland cement industry. The alternative of traditional Portland cement is 
therefore imminent for carbon neutralization. Carbonated magnesium-based cement is a viable 
option that can contribute significantly to this issue due to their carbon capturing ability during the 
hardening of binders. Hydrated magnesium carbonate (HMC) cement can be produced from the 
reaction of [Mg(OH)2]or brucite and carbonate sources in aqueous solution. Brucite is a magnesium 
rich material derived from MgO source. The carbonation of brucite can be increased by adding 
magnesium acetate ligand onto the reaction solution. To aid in the experimental investigation, we run 
synchrotron radiation-based scanning transmission X-ray microscopic (STXM) study on powder 
samples of HMC. The soft X-ray energy range STXM has the advantages of orders of magnitude higher 
brilliance of X-rays compared to lab-based sources, virtually continuous tunability of the energy, and 
especially on hard X-ray regime, the diffraction limited spatial resolution [1]. STXM [2] is a perfect 
choice among all the SR techniques since it combines both spectroscopy and microscopy that helps to 
insight the information about the speciation of Mg with nearby atoms. Our spectromicroscopic study 
shows how the acetate ligand effects onto the formation of HMC and carbonation of brucite. With 
STXM, we were able to recognize the formation of various HMC phases at different stages of time. 
However, we also noticed the instability of HMC phases that completely convert to new phases by 
time.  
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