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Novel proton exchange membranes modified by metal-organic
framework HKUST-1 for green energy technologies 

Gorban Ivan1, Soldatov Mikhail1, Teresa Pérez-Prior2, Alejandro Várez2

 1 The Smart Materials Research Institute, Southern Federal University,
Rostov-on-Don, Russia 

2 Universidad Carlos III de Madrid. Departamento de Ciencia e Ingeniería de
Materiales e Ingeniería Química, Leganés, Madrid, Spain

Corresponding author e-mail: Gorivan96@gmail.com

Hydrogen fuel cells have been proposed as promising electrochemical
energy  sources  for  a  variety  of  applications  such  as  transportation,
stationary energy, and even portable devices. One of the most promising
types is proton-exchange membrane fuel cells based on electrolytic proton
exchange  membrane that  provide  proton  transfer.  Conductivity  of
membranes directly depends on the level of hydration of the membrane.
The use of metal-organic frameworks (MOFs) in the synthesis of polymeric
membranes can improve its properties due to their high specific surface
area and large pore size.

In  this  work,  MOF  structure  HKUST-1  was  used  to  modify  proton
exchange  membrane  composed  of  Polysulfone  and  Polyphenylsulfone
poly(ether sulfone) segments (SPES)[1]. Obtained membranes show lower
contact angle than pure SPES proving their  higher hydrophilicity.  This is
also confirmed by means of water absorption studies, i.e. adding 5 wt. % of
MOF the water uptake increases by 20% and 40% at 30 ºC and 60 ºC,
respectively.  Additionally,  the  presence  of  the  MOF  increases  the  ion
exchange capacity from 1.62 to 1.93 mequivH+g-1 that was estimated by
the acid-base titration method.

The resulting hybrid membrane was tested on a hydrogen single fuel
cell.  Polarization  and  power  density  curves  show  a  markedly  better
performance  of  the  hybrid  membrane  by  comparison  pure  SPES.

References
Ureña,  N.,  et  al.,  Multiblock  copolymers  of  sulfonated  PSU/PPSU
Poly(ether  sulfone)s  as  solid  electrolytes  for  proton  exchange
membrane fuel cells. Electrochimica Acta, 2019.
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Infrared spectroscopy for structure investigation of palladium
nanoparticles

Usoltsev O.A.1, Protsenko   B.O.  1, Pnevskaya A.Y.1
, Skorynina A.A.1, Bugaev A.L. 1

The Smart Materials Research Institute, Southern Federal University,
Rostov-on-Don, Russia

Corresponding author e-mail: bprocenko@sfedu.ru

Palladium nanoparticles (NPs) are well-known as active components of
supported  catalysts  [1].  Since  under  reaction  conditions  catalytic
properties of these materials can deviate due to the change of structure
[2],  there  is  a  need  for  convenient  and  cheap  method  for  a  structure
investigation of  palladium nanoparticles.  Although infrared spectroscopy
(IR)  is  quite  popular  for  in  situ  diagnostics  of  these  materials,  it  only
provides information about probe-molecules and reaction intermediates
adsorbed  on NPs.  In  the present  work  authors  make  first  steps to  the
development  of  quantitative  approach  to  the  IR  data  for  a  structure
investigation  of  palladium  NPs.  For  this,  set  of  X-ray  absorption
spectroscopy and IR-spectroscopy measurements of commercial Pd/Al2O3

catalyst under exposure of it to the different H2 flows and small amount of
CO, used as a probe molecule, were done. To justify and interpret results,
density functional perturbation theory calculations were performed. In the
experimental data descriptors of structure parameters and IR data were
chosen to construct dataset for machine learning. Application of last one
proved that structure parameters, such as palladium interatomic distances,
can be predicted from IR data. 

References
[1]  Borodziński  A.,  Bond  G.  C.  Selective  hydrogenation  of  ethyne  in

ethene‐rich streams on palladium catalysts. Part 1. Effect of changes to the
catalyst during reaction // Catalysis Reviews. ‒ 2006. ‒ T. 48, № 2. ‒ C. 91-
144.

[2]  Bugaev  A.  L  et  al.  Hydrogenation  of  ethylene  over  palladium:
Evolution  of  the  catalyst  structure  by  operando  synchrotron-based
techniques // Faraday Discussions. ‒ 2021. ‒ T. 229. ‒ C. 197-207.
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Structure research of the flexible electrode materials for
supercapacitors with alkaline electrolyte 

A.V.   Khramenkova, V.V. Moshchenko, D.N. Izvarina
Platov South Russian State Polytechnic University (NPI), 132

Prosveshcheniya st., 346428, Novocherkassk, Russia 
Corresponding author e-mail: anna.vl7@yandex.ru

One of the most promising energy storage devices are supercapacitors,
characterized  by  higher  values  of  specific  power  and  energy  density
compared to batteries. 

This paper presents the results of obtaining and studying the  electrode
materials structure  based  on  carbon  cloth modified  with  molybdenum,
manganese, tungsten oxides without the use of a binder, using the method
of non-stationary electrolysis.  

Electrolysis  was  carried  out  from  an  aqueous  electrolyte  containing
molybdenum, cobalt, nickel, iron salts. The temperature was 60-65 °C, pH 4 – 5. 

The main phases of the resulting hybrid material according to the data
from  TEM  (SAED)  are  a  mixture  of  molybdenum  oxides  MoO2, MoO3,

Mo4O11, FeO and  WO2.  According  to  XPS  data,  molybdenum is  oxidized
mainly to the state of 4+ and 6+, iron to 2+. The concentration of tungsten
is low.    

The  research of  using possibility of  the obtained hybrid materials as
electrodes  for  symmetrical  supercapacitors  with  an  alkaline  electrolyte
(2M KOH) showed that at a density of 4 mA/cm2, the value of the specific
capacitance was 1889 mF/cm2.

The work was supported by Scholarship  Council  of  the President  of
Russia (grant no. SP-3068.2021.1).

References
Z. Wang, W. Jia, M. Jiang (2016).  One-Step Accurate Synthesis of Shell

Controllable CoFe2O4  Hollow Microspheres as High-Performance Electrode
Materials in Supercapacitor, V. 9, P. 2026 – 2033.
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Influence of phase composition of the hybrid electrode materials
on their electrochemical properties   

A.V. Khramenkova, V.V.   Moshchenko, V.A. Kupriyanovskaya 

Platov South Russian State Polytechnic University (NPI), 132
Prosveshcheniya st., 346428, Novocherkassk, Russia 

Corresponding author e-mail: moshenkovalentin02@gmail.com

One of the most promising energy storage devices are supercapacitors,
characterized  by  higher  values  of  specific  power  and  energy  density
compared to batteries. 

Modern flexible electrode materials without using a binder are based
on various carbon materials combined with oxide compounds of transition
metals.   

This paper presents the results of obtaining and studying the  electrode
materials structure  based  on  carbon  cloth modified  with  molybdenum
oxides  with  iron  group  metals,  without  the  use  of  a  binder,  using  the
method of non-stationary electrolysis.  

Electrolysis  was  carried  out  from  an  aqueous  electrolyte  containing
molybdenum, cobalt,  nickel  salts and polyacrylic  acid.  The  temperature
was 60-65 °C, pH 4 – 5. 

The main phases of the resulting hybrid material according to the data
from  TEM  (SAED)  are  a  mixture  of  molybdenum  oxides  MoO2, MoO3,

Mo4O11, and V2O5. According to XPS data, molybdenum is oxidized mainly to
the state of 5+ and 6+, vanadium – to 4+ and 5+.    

The  research of  using possibility of  the obtained hybrid materials as
electrodes  for  symmetrical  supercapacitors  with  an  alkaline  electrolyte
(2M KOH) showed that at a density of 5 mA/cm2, the value of the specific
capacitance was 1480 mF/cm2.

References
Y.  Zhao,  L.  Xu,  J.  Yan (2017).  Facile  Preparation  of  NiFe2O4/MoS2

Composite  Material  with  Synergistic  Effect  for  High  Performance
Supercapacitor. Journal of Alloys and Compounds, V. 726, P. 608 – 617.

6

mailto:moshenkovalentin02@gmail.com


Titania supported noble metal nanoparticles for photocatalytic
production of H2 from water 

Elizaveta   Kozyr,1,2 Peter N. Njoroge,2 Francesco Pellegrino,1 Valter
Maurino,1 Aram Bugaev,2 Alexander Soldatov,² Silvia Bordiga,1 Elena

Groppo1 and Lorenzo Mino1

1Department of Chemistry and NIS Centre, University of Torino, Italy
2The Smart Materials Research Institute, SFedU , Russia 

Corresponding author e-mail: kamyshova.liza@gmail.com

One  of  the  alternatives  for  future  energy  source  is  hydrogen.  This
energy resource is attractive due to the possibility of obtaining it through
green and renewable processes [1]. Much research has been done on the
photocatalytic  water  splitting  for  hydrogen  production.  Nobel  metals
deposited on TiO2 are among the most active systems for this reaction [2].

In this work, we show a multi-technique approach, which provides a
detailed understanding of the structure and properties of photocatalysts
based  on  Pt  and  Pd  nanoparticles  (NPs)  photodeposited  on  different
morphologies  of  TiO2.  We  determined  the  surface  properties  of  the
supported metal catalysts by FTIR spectroscopy using carbon monoxide as
probe molecule. XAS data of Pt  L3-edge and Pd  K-edge were acquired to
assess the redox properties of the supported metal NPs and to reveal the
structural properties of the photocatalysts during synthesis and reaction
conditions. UV-Vis data show the reduction process of precursor after UV
irradiation.

The combined multi-technique approach used in this work is a powerful
tool for understanding the interaction between the semiconductor and the
metal.

References
[1] Holladay,  J.D.; Hu, J.; King, D.L.; Wang, Y. An overview of hydrogen
production technologies. Catalysis Today 2009, 139, 244-260.
[2] Ismael, M. A review and recent advances in solar-to-hydrogen energy
conversion based on photocatalytic water splitting over doped-TiO2

nanoparticles. Solar Energy 2020, 211, 522-546.
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In situ growth of palladium nanoparticles inside the microfluidic
chip monitored by X-ray absorption spectroscopy

Arina V. Dobrovolskaia,1 Sergei V. Chapek,1 Oleg A. Usoltsev,1

Evgeniy R. Naranov,2 Dmitry N. Gorbunov,2 Alexander L. Trigub,3 Alexander
V. Soldatov,1 Aram L. Bugaev1 

1Southern Federal University, Rostov-on-Don, Russia
2Topchiev Institute of Petrochemical Synthesis, Russian Academy of

Sciences, Moscow, Russia 
3NRC "Kurchatov Institute", Moscow, Russia

                    Corresponding author e-mail: arinadobro.volya@gmail.com

Bimetallic  nanoparticles  find  various  applications  in  different  fields
including catalysts. In particular, catalysts based on gold and palladium are
promising materials for the conversion of methane to methanol, which is
of  great  economic  importance.  Several  studies  suggest  that
photostimulation of bimetallic catalysts in this reaction will  improve this
technology,  which  will  significantly  reduce the cost  of  the reaction and
increase the economic feasibility of this process. Rational optimization of
the nanoparticle structure and properties by varying the parameters of a
synthetic procedure is therefore an important fundamental and practical
problem.

XRD, UV-Vis, TEM, XPS, SEM and XAS are one of the most often used
analytical  techniques  to  characterize  the  structure  of  bimetallic
nanoparticles.  For  Pd and AuPd  nanoparticles,  that  do not  possess  the
strong plasmon resonance as pure gold particles, X-ray based techniques,
such as X-ray absorption spectroscopy (XAS) and X-ray diffraction (XRD) can
be advantageous over optical ones. However, small sample quantities, low
concentration of the nanoparticles and difficulties to apply in the in situ
regime,  are  preventing  from using  them for  online  optimization  of  the
synthesis parameters.

We have developed a microfluidic device for in situ synchrotron-based
synthesis of nanoparticles, which was successfully tested by monitoring the
growth of palladium nanoparticles in toluene from Pd(II) acetate precursor
by in situ XAS. The microfluidic device was printed on Ultimaker 3d printer,
the material of the chip was PETG. The dimensions of the chip are 97x85x5
mm with two inlets and one outlet. The microchip is divided into the mixer
zone  with  the  total  volume of  0.75  ml  and  the  reaction  zone  with  10
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microchannels with the length of 80 mm and the cross section of 1.5x1.5
mm2. An X-ray beam was aligned on each channel. The optimized length of
the microchannels allowed for high-quality data collection in both XANES
and EXAFS regions even for low concentration of metal in the solution and
to convert the space-resolved data into time evolution of Pd(II) -> Pd(0)
conversion. To the best of our knowledge this is the first case of in situ XAS
study of the growth of palladium nanoparticles inside the microchip, and
the first experimental report of aligning the beam not perpendicular but
parallel to the channels, which opens new possibilities for online control
and optimization of the synthesis parameters.

Acknowledgement: This work was supported by the Russian Science 
Foundation, grant № 075-15-2021-1363.

References
[1]Hofmann, G.;  Tofighi,  G.;  Rinke,  G.;  Baier,  S.;  Ewinger,  A.;  Urban,  A.;
Wenka, A.; Heideker, S.; Jahn, A.; Dittmeyer, R., et al., A microfluidic device
for the investigation of  rapid gold nanoparticle formation in continuous
turbulent flow. J. Phys. Conf. Ser. 2016, 712. https://doi.org/10.1088/1742-
6596/712/1/012072
[2]Chaussavoine, I.; Beauvois, A.; Mateo, T.; Vasireddi, R.; Douri, N.; Priam,
J.;  Liatimi,  Y.;  Lefrancois,  S.;  Tabuteau,  H.;  Davranche,  M.,  et  al.,  The
microfluidic laboratory at Synchrotron SOLEIL. J. Synchrotron Radiat. 2020,
27 (Pt 1), 230-237. https://doi.org/10.1107/S1600577519015042
[3]Oyanagi, H.; Sun, Z. H.; Jiang, Y.; Uehara, M.; Nakamura, H.; Yamashita,
K.; Zhang, L.; Lee, C.; Fukano, A.; Maeda, H., In situ XAFS experiments using
a microfluidic  cell:  application to  initial  growth of  CdSe nanocrystals.  J.
Synchrotron  Radiat.  2011, 18 (Pt  2),  272-9.
https://doi.org/10.1107/S0909049510050545
[4]Probst, J.; Borca, C. N.; Newton, M. A.; van Bokhoven, J.; Huthwelker, T.;
Stavrakis,  S.;  deMello,  A.,  In  situ  X-ray  absorption  spectroscopy  and
droplet-based microfluidics: An analysis of calcium carbonate precipitation.
ACS  Measurement  Science  Au  2021, 1 (1),  27-34.
https://doi.org/10.1021/acsmeasuresciau.1c00005
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The optimal dynamic regime for CO oxidation on palladium
nanocatalysts

A.N.   Bulgakov1, M.S. Lifar1, A.A. Tereshchenko1, A.A. Guda1, A.V.Soldatov1

The Smart Materials Research Institute at Southern Federal University,
Sladkova, 178/24, 344090, Rostov-on-Don, Russia

Corresponding author e-mail: albu@sfedu.ru

In past recent decades, oscillatory reactions based on perturbations of
the catalytic system by extremal forces on gas/metal interfaces of catalysts
have attracted a lot of attention and even largely formed new approaches to
chemical  engineering.[1] One  of  the  promising  approaches  is  using  the
reinforcement learning (RL) approach to predict the best dynamic regime.[2]

In  this  work,  we  performed  optimization  of  parameters  for  CO
oxidation  reaction  taking  place  on  the  surface  of  commercial  Pd
nanocatalysts (Pd/Al2O3, 5 wt %, Chimet S.p.A) using the RL approach. First,
we  carried  out  several  CO  and  O2 cutoff  and  switching  experiments
analyzing  reaction  products  by  mass  and  Fourier-transformed  infrared
spectroscopies. Then, we approximated experimentally obtained CO2 yields
by a model of reaction and determined rate constants. Finally, we used
refined kinetic equations to train the RL algorithm predicting the flows of
reactants  that  leads  to  the  highest  production  of  CO2.  As  a  result,  we
obtained improved periodic switching policies.

This methodology opens a perspective for the optimization of relevant
catalytic  reactions  under  a  non-stationary  regime by  rational  use  of
reactants  and  varying  conditions. The  demonstrated  approach  can  be
expanded for optimization of  many other industrially  relevant  reactions
and catalytic systems.

The  research  was  financially  supported  by  the  Ministry  of  Science  and
Higher Education of the Russian Federation (State assignment in the field
of scientific activity, № 0852-2020-0019).

References
[1] Armstrong C.; Teixeira A. (2020). React. Chem. Eng., 5, 2185–2203
[2] Neumann M.; Palkovits S. (2022). Ind. Eng. Chem.Res., 61, 3910–3913
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Monitoring photocatalytic reactions on shape engineered TiO2

nanomaterials by in situ spectroscopies

Lorenzo Mino
Department of Chemistry, University of Torino, Torino, Italy

Corresponding author e-mail: lorenzo.mino@unito.it

Crystal  facet  engineering  of  semiconductor  nanoparticles  (NPs)  is
emerging as  an  important  strategy to finely  tune their  physicochemical
properties  to  optimize  surface  reactivity  and  selectivity.  In  particular,
shape-engineered TiO2 anatase nano-sheets  with  dominant  {001}  facets
are investigated to exploit different functional behaviors with respect to
usual bipyramidal TiO2 anatase NPs, mainly exposing {101} facets (Figure
1A). Combining experiments and realistic DFT models [1, 2], we studied the
surface hydrophilicity and Lewis acidity of different shape-engineered TiO2

NPs to clarify the surface physico-chemical features which influence their
photocatalytic activity. We also investigated the impact of post-synthesis
processes employed to remove the capping agents, namely fluorides, used
for  shape-engineering.  Moreover,  using  a  new  in  situ IR  setup,  we
monitored  the  evolution  of  the  intermediates  and  products  during  the
photocatalytic reactions (Figure 1B), directly looking at the catalyst surface
[3]. This approach helps to clarify the precise role of the different surfaces
in  determining  the  NPs  photoactivity  providing  design  rules  for  the
preparation of NPs optimized for specific applications.

Figure 1. A.  HRTEM images
of  bipyramidal  and  nano-
sheet TiO2 NPs. B. In situ IR
spectra  of  phenol  photo-
degradation on TiO2. 

References
[1] L. Mino et al. (2018) ACS Appl. Nano Mater. 1, 5355.
[2] L. Mino et al. (2021) Nanoscale 13, 6577.
[3] L. Mino et al. (2016) Appl. Catal. B-Environ. 196, 135.
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In situ DLS monitoring of microfluidic synthesis of Au nanoparticles

P.A.   Rud  1, S.V. Chapek1, A.I. Muravlev1, M.A. Soldatov1

The Smart Materials Research Institute
Corresponding author e-mail: prud@sfedu.ru

Time-resolved  characterization  of  nanoparticles  (NPs)  synthesis  is  a
promising mean to produce NPs under controlled conditions. Dynamic light
scattering (DLS) is one of the most common and accessible methods for
characterization of colloidal solutions since it refers to non-destructive and
non-invasive methods [1]. Developed transparent microfluidic device has
reaction and probe zones shown in Fig. 1a, mixer zone’s channels have
450x425  µm  cross-section.  Probe  zone  has  400x300  µm  cross-section
channel, 4 µl volume and a DLS probe chamber. The gradient serpentine
mixer in Fig 1b shows efficient mixing, that is suitable for Au NPs synthesis.
Reproducible size distribution results after 90 s synthesis demonstrated 1
nm Au NPs obtained (Fig. 1c). Measurements of a colloidal Au NPs solution
collected in a flask immediately after synthesis showed the same results. 

Figure 1. a, b – scheme of the microfluidic device; c - DLS size distribution
of obtained Au NPs.

The  research  was  supported  by  the  Strategic  Academic  Leadership
Program of the Southern Federal University ("Priority 2030")

References
Babick,  F.  (2020). Dynamic  light  scattering  (DLS).  Characterization  of

Nanoparticles, 137–172. 
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Insights into microfluidic based-adsorption for industrial
wastewater remediation 

Rajput P., Skorynina A.A., Bugaev A.L.
The Smart Materials Research Institute, Southern Federal University,

Sladkova 174/28, 344090 Rostov-on-Don, Russia
Corresponding author e-mail: priyadarshanirajput22@gmail.com

Removal of heavy metals (HMs) from wastewater is a major issue and
development of a novel and eco-friendly approach to remediate polluted
water is  urgently  required.  Therefore,  this  work was aimed to combine
modern laboratory and synchrotron analytical techniques, various porous
materials and microfluidic technologies to optimize the HMs sorption from
model and real industrial wastewater.

Sorbent materials were prepared as mechanical mixtures of activated
carbons,  zeolites and MOFs in different ratios.  The sorbents were filled
inside the microtubes connected to an automated microfluidic system with
the  controlled  flow  rate.  The  filtered  water  was  analyzed  by  atomic
absorption  spectrometry  (AAS)  and  conductivity  measurements  (both
online and offline). 

Fig. 1. Pb L3-edge XANES data for used filters and reference samples

Both AAS and conductivity data showed that a bigger fraction of zeolite-Y
gave  worse  performance  for  Pb.  Bigger  fraction  of  coconut  charcoal
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performed  worse  for  Ni  while  for  UiO-66 MOF it  was vice-versa.  For  Zn,
coconut  charcoal  showed  significant  performance,  and  for  Cu  and  Cd,
charcoal performed better than MOF. All mixtures performed well for Pb.

The spatial distribution of HMs in the used filters were determined by
X-ray fluorescence (XRF), which showed higher concentration of ions at the
edges of the filters, explained by the different flow rate due to the friction
from the tube walls. XANES data collected at Kurchatov Institute indicated
Pb2+ as the most abundant species in the used filters (Fig. 1).

The  obtained  results  allowed  us  to  estimate  the  performance  of
filtration  towards  different  HMs  as  the  function  of  filter  composition.
Conductivity was proved as an efficient approach for fast online analysis of
the filtration quality. Low-cost microfluidic setup worked successfully for
water filtration. X-ray based techniques, namely XANES and XRF provided
the  oxidation  state  of  Pb,  as  a  most  abundant  HM  in  the  industrial
wastewater  used,  and,  respectively,  the  special  distribution  of  the
adsorbed ions in the used filters,  which is  important  for optimizing the
filter composition and geometry for practical applications. The future plans
are to upgrade the microfluidic system for scalable and parallel testing of
filtration quality depending on the filter composition and shape, column
geometry, pH, flow rate, etc.

Acknowledgements. This work was supported by the Ministry of Science
and  Higher  Education  of  the  Russian  Federation  for  financial  support
(Agreement № 075-15-2021-1363).
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Neural network classification of rolling stock by axle counter

Shulzhenko Andrew, Pastushenko Dmitry, and Borovlev Pavel.

Southern Federal University 

Corresponding authors e-mail: shulz  @sfedu.ru, dpastushenko@sfedu.ru,
pborovlev@sfedu.ru

Advances in big data allow to apply new machine learning concepts to a
wide  range  of  rail  network  problems.  Such  big  data  systems are  often
based on artificial neural networks. Neural networks are used for a wide
range  of  tasks,  from  classifying  objects  in  an  image  to  predicting  the
possible outcomes of various events. Currently, one of the main tasks is to
optimize the processes of forming trains at railway marshalling yards. To
increase the speed of train gather and the composition, it is necessary to
reduce the time spent on correcting errors in case of incorrect formation.
This paper presents an algorithm that, using a neural network, based on
data from axle counting sensors, is able to determine the types of rolling
units  entering  the  train  formation  zone  to  reduce  the  human  factor
influence during train forming.

References
[1] Santanu  Pattanayak  (2017)  Pro  Deep  Learning  with  TensorFlow:  A
Mathematical  Approach  to  Advanced  Artificial  Intelligence  in  Python.
Apress, Vol. 1, 398 p.
[2] Sebastian Raschka,  Vahid Mirjalili  (2017)  Python Machine Learning:
Machine  Learning  and  Deep  Learning  with  Python,  scikit-learn,  and
TensorFlow. Packt Publishing, Ed. 2, 662 p.
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Calculation of IR Modes for Describing Zeolite Frameworks

A.A.   Skorynina  1, B.O. Procenko1, O.A. Usoltsev1, S.A. Guda1, A.L. Bugaev1,
A.V. Soldatov1

The Smart Materials Research Institute, Southern Federal University,
Rostov-on-Don, Russia

Corresponding author e-mail: alinaskorynina@gmail.com

The aim of this project is to classify the vibrational modes of zeolites by
the  type  of  structural  units  of  the  zeolites,  and  to  establish  the
dependences  of  their  frequencies  on  structural  parameters  using
theoretical calculations from first principles.

In order to classify the existing structures of zeolites by their structural
elements K-Means clustering was applied using python code. The VASP 5.3
[1] was used for zeolites framework structural optimization with further
computation of vibrational spectra. Optimization process included 5 steps
with sequential  optimization of  ions  positions and cell  volume. Periodic
DFT calculations were performed with a 500 eV cutoff  energy,  a plane-
wave  basis,  and  the  PBE  functional.  Electron-ion  interactions  were
described with projector augmented wave (PAW) method [2]. Theoretical
IR  spectra  were  compared  with  the  experimental  ones  from  KnowItAll
database.

Thus, based on collected data, previous studies, and machine learning
algorithms correlations of the positions of vibrational frequencies on the
structural  parameters  (angles  and  bond  lengths)  of  zeolite  units  were
established. The results obtained has a fundamental scientific importance,
since  the  methods  developing  can  be  applied  to  vibrational  spectra  to
extract structural parameters.

This work was supported by Russian Science Foundation Grant # 22-23-
01007.
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The reduction of CO2 to methanol has attracted a lot of attention as a
way to obtain a renewable fuel cycle and mitigate CO2 emission. [1]

In this study, we report Cu nanoparticles grown on the on Ga single site
decorated  silica  (Cu-Ga@SiO2)  support  via  surface  organometallic
chemistry (SOMC) approach as a novel catalyst for CO2 hydrogenation. 

Using FTIR spectroscopy, formation of intermediates was investigated
during the reaction. It was found that high concentration of Ga has not a
promoting but poisoning effect: formate species on Cu were revealed for
Cu@SiO2 and Cu0.93Ga0.07@SiO2 catalysts (bands near 2855 and 2925 cm–1)
but  were absent  for Cu0.77Ga0.23@SiO2 sample.  This  effect  corresponds a
significant decrease in activity at high concentrations of Ga.

Figure 1. FTIR spectra measured during switches between CO2+H2 and H2.
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We investigated the behaviour  under  hydrogenation conditions of  a
highly  dispersed Pt/Al2O3 commercial  sample  prepared by our industrial
partner  Chimet  S.p.A.  Inelastic  Neutron  Scattering  (INS)  spectra  were
measured  under  a  high  and  low  H2-pressure  on  the  IN1-Lagrange
instrument at the ILL, resulting in significantly different spectral profiles,
which were interpreted on the basis of an extensive DFT simulation work
performed  in  collaboration  with  IFPEN  [1].  Complementary  information
was  obtained  by  means  of  FT-IR  experiment  performed  in  operando
conditions,  allowing  to  follow  the  evolution  of  the  system  upon  the
progressive  decrease  of  the H2 concentration  [2].  The two experiments
clearly  indicate  the  reconstruction  of  the  Pt  nanoparticles  from
cuboctahedric  morphologies  and  bridged  Pt-H  species  under  larger  H2

pressure and low temperature, to biplanar morphologies and linear Pt-H
species upon lower H2 pressure and higher temperature. These results are
in accordance with previous AIMD studies [3]. Overall, this study provided
important new information on the dynamic behaviour of Pt/Al2O3 catalyst
under hydrogenation reaction conditions.
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Metal-organic frameworks (MOF) are porous materials with a modular
structure [1]. In this work, the UiO–66-NH2 framework was modified with
diarylethene molecules (DAE, 4-(5-Methoxy-1,2-dimethyl-1H-indol-3-yl)-3-
(2,5-dimethylthiophen-3-yl)-4-furan-2,5-dione)  [2].  The resulting  material
had  photo  response,  which  was  observed  using  UV–Vis  and  IR
spectroscopy. When irradiated with visible light with a wavelength of 520
nm,  the  DAE  molecules  inside  the  modified  material  had  an  open
conformation.  However,  when  irradiated  with  ultraviolet  light  with  a
wavelength  of  450  nm,  the  equilibrium  shifted  towards  a  closed
conformation.  Such  a  transformation  can  be  used  for  the  process  of
adsorption–desorption  of  hydrogen.  It  has  been  shown  that  irradiation
with visible light increases the capacity of hydrogen, while irradiation with
ultraviolet light reduces it. Thus, the obtained modified material based on
UiO–66-NH2 is promising for smart hydrogen storage.
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The physical experiment process effective management is one of the

key problems for accelerating research activity and obtaining the required
results, as well as reducing resource costs and the time for interpreting and
integrating scientific achievements in production. If we represent a
physical experiment in the form of interrelated processes that provide a
system states description and transitions between them, we can formalize
the native structure of instrumental research. From this, any physical
experiment can be represented as a multiscale and multidomain dynamical
system. To organize effective management, they are now increasingly used
as adaptive digital  twins based on machine learning [1].  As part  of  the
development of such digital twins, we can use the digital shadow of
previous experiments to train machine learning models that provide the
functionality to adapt the digital twin to operational changes in the system
based on data  obtained from ongoing,  real-time instrumental  research.
Thus, the main theses of this study are the physical world formalization of
the experiment in the form of a finite system, the virtual world of
instrumental research creation that fully reflects the behavior of the real
one, the establishment of stable links between them, and the development
of representative data visualization tools for the scientist using the
example of three-dimensional simulation modeling. To solve this problem,
it  is  proposed to  use  the Blender  software  package  for  creating three-
dimensional computer graphics, the cross-platform development
environment for computer games and Unity applications, as well  as the
Microsoft open machine learning library for the C # programming
language, ML.NET.
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Machine learning (ML) algorithms are a promising analytic tool that has
found applications in many areas of science. This method has proven itself
for tasks with a large number of parameters and is effective for big data
processing.  At  the same time,  near edge X-ray absorption spectroscopy
(XANES)  is  a  powerful  tool  widely  used  to  determine  the  atomic  and
electronic  properties  of  catalysts.  However,  XANES  analysis  has  not
completed procedure of analysis, since there is no unambiguous method
for  determining  the  structural  parameters,  while  the  amount  of
experimental data increases exponentially every day. We offered 2 options
for solving this problem. On the one hand, in many cases, the analysis of
XANES data requires the construction of theoretical models with a huge
number  of  variable  parameters.  Application  of  ML  to  fit  theoretical
experimental data opens up new horizons for determining the structural
parameters  of  the  investigated  substance.  We  applied  the  Extra  Trees
method for the time-resolved XANES spectra of Pd NPs. The evolution of
structural  parameters  was  obtained and compared with  the method of
principal  component  analysis  (PCA)  and  multivariate  parametric
interpolation. We constructed a training set based on theoretical XANES
spectra  calculated  in  the  FDMNES  program  for  Pd  NPs  with  different
interatomic  distances  and  in  the  presence  of  hydrogen  and  carbon-
containing  particles.  On  the  other  hand,  it  is  used  as  an  adjunct  to
extended-region X-ray absorption spectroscopy (EXAFS) analysis. We have
labelled  over  500 EXAFS spectra  using a  single-sphere analysis  method.
Then  the  Extra  trees  training  was  carried  out  for  only  XANES  spectral
regions,  using  tagged  data.  This  approach  made  it  possible  to  predict
interatomic distances and the Debye -  Waller  parameter based only  on
experimental data.
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Determination of material properties from images and video
streams (mechanical, strength, electrical, morphological
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Recognizing the attributes  of  visual  materials  in  images can provide
valuable  information  for  a  general  understanding  of  the scene  and  for
recognizing the materials themselves. However, recognizing the attributes
of visual material in images is a particularly challenging task. The materials
are unique in that they have many characteristic locally recognizable visual
features. In this work we show that material attributes can be recognized
from purely local information, that we can detect these visual attributes
automatically,  and  that  such  a  process  can  be  applied  to  large-scale
datasets  of  material  images  using  end-to-end  formulation  in  a
convolutional neural network.  With a fully controlled dataset containing
annotations  of  materials,  a  set  of  named  semantic  attributes  of  the
material  and  sparse  pixel-by-pixel  labels  for  these  attributes,  we  can
recognize  the  properties  of  the  visual  material  by  a  small  local  image
patches. This method can be used in the sliding window mode. Make pixel-
by-pixel predictions for material attributes in an arbitrary image.

The purpose of this work is to apply an algorithm for determining the
properties of materials from images and video streams to determine the
properties of materials from graphic and video data.
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Synthesis of silver nanoparticles (Ag NPs) is the essential problem for
the  modern  science  [1]  It  involves  such  branches  like  biotechnology,
informational technology, electronics, optoelectronics , oncology , ecology,
chemistry, physics, sanitizing [2]. 

Improvement  of  the  approaches  of  Ag  NPs  helps  to  develop
technology, electronics, approaches to save millions of lives all  over the
world  with microfluidis methodology to save Earth from pollution with
new nano-supported medicines and Ag-doped materials.

Present technologies of the synthesis Ag nanoparticles take too much
time  to  obtain,  determine  and  to  make  corrections  in  synthesis’s
parameters.

Application of  the microfluidic  synthesis  gives  us  the opportunity  to
synthesize  Ag  NPs  in  the  controllable  environment  with  preferred
properties of the NPs. We performed a series of  the experiments to repeat
the bulk synthesis, and then to synthesize NPs with the required properties
with one of the existing approaches.
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In physics special attention is paid to experiments, as this is one of the
main  ways  of  obtaining  new  knowledge.  One  of  the  approaches  to
conducting  practical  experiments  is  computer  simulation.  The  use  of
computer models allows saving resources and duplicating complex physical
processes. Now this approach includes many methods and technologies for
the  possibility  of  simulating  experiments.  The  current  stage  in  the
evolution of computer models is multi-level intelligent systems and digital
twins. Such software systems can reliably duplicate the necessary physical
processes.  However,  these  systems  are  very  difficult  to  develop  and
therefore are closed within a single experiment with limited options for
initial  data.  In  this  regard,  is  proposed  a  set  of  methodological
requirements  for  the  design  and  development  of  multilevel  intelligent
systems for computer simulation of a physical experiment. Their use will
allow reduce development time computer models of physical experiments
due to the proposed patterns of applied technologies and methods. Also,
these requirements will help solve the problems of scaling, flexibility and
reproducibility of the computer model. The resulting solution is based on
design  patterns  in  object-oriented  programming,  the  requirements  for
developing deep learning models, and the conditions for the physicality of
computer models. 
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Semiconductor quantum dots (QDs) arrays are of great importance due
to their promising optoelectronic and nanophotonic applications. Droplet
epitaxy widens the set of materials suitable for the formation of QDs and
enables  independent  control  of  size,  surface  density  and  composition.
However, the mechanism of droplet nucleation, formation of ensembles
and  subsequent  growth  of  islands  are  still  quite  poorly  investigated,
therefore the exact type of growth mode realized remains unclear. 

In this contribution, we study the growth mechanism of In QDs on a set
of  various  GaAs(001)  and AlAs(001)  surfaces.  Theoretical  modeling  was
carried  out  to  describe  the  behaviour  of  adatoms  and  evaluate  their
mobility during  the  deposition process. Using the DFT-based calculations,
the  «effective» bonding  energy  of  In  adatom  with  the  substrate  for
different  configurations of  wetting and additional  monolayers  (ML)  was
estimated. It was revealed that wetting layer of 1 ML (the same type of
atoms as adsorbate)  reduces adatom bonding energy by about 44% for
both substrates, leading to a higher mobility and, subsequently, decrease
of  the droplet  density in  practice [1].  Thus,  lower bonding energy of  In
adatom  results  in  more  favorable  QDs  formation  on  the  surface  of
GaAs(001) and AlAs(001) substrates.
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Accelerating  chemical  reactions  is  crucial  for  sustainable  economic
development  and  production  of  pharmaceuticals,  fuels,  consumer
chemicals,  etc.  In  this  respect  heterogeneous  catalysis  is  of  primary
importance since it  allows for  facile  separation of  the product  and the
catalyst.  Pd-based  and Au-Pd catalysts  acquire  special  attention  due  to
their  impressive  performance  in  many  reactions  [1,2].  In  view  of  the
importance  of  Au-Pd  alloy  for  catalytic  applications,  in  this  work  we
develop  a  ReaxFF  potential  for  the  Au-Pd  system.  The  force  field
parametrization  was  performed  against  density  functional  theory
calculations of different bulk phases of the binary alloy, Au-Au, Au-Pd, and
Pd-Pd dimer  energies,  as  well  as  different  slabs  and nanoparticles.  The
developed  potential  is  used  for  the  studies  of  atomic  order-disorder
phenomena in Au-Pd bulk and nanoparticles.
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Currently,  a  very  relevant  area  of  research  is  searching  for  new
functional  materials  with specified  properties,  and the use of  hydrogen
technologies  plays  one  of  the  key  roles  in  the  development  of  power
engineering  due  to  high  efficiency  and  environmental  friendliness.  The
research  aimed  at  the  creation  of  solid  oxide  fuel  cells  (SOFC),  the
operational life of which is largely determined by the operability of their
component  parts  -  interconnectors,  has  received  great  development.
However, there is a problem of their degradation caused by poisoning of
cathode  materials  with  chromium.  The  solution  to  this  problem  is  the
application of protective coatings, among which coatings based on Co-Mn
spinel are the most effective. 

In the present study, nitrate electrolyte has been developed to obtain
Co-Mn spinel coatings using non-stationary electrolysis method. 

With the help of electron diffraction, it was possible to define that the
main  phase  of  the  obtained  coatings  is   a  spinel  of  the mixed  type  
(Mn,  Co)·(Mn,  Co)2O4,  which can be considered as a mixture  MnCo2O4 и
CoMn2O4.

The work was carried out with the financial support of the program
“UMNIK” (participant of the youth innovation competition) –Technocrat
Funds  of  the  Innovation  Promotion.  Contract  (agreement)  №
17527ГУ/2022.
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All alloys are inhomogeneous in their composition and have different
degrees of distribution of inhomogeneous. Due to the inhomogeneity of
the structure of the material, the strength decreases, which leads to an
uneven  deformation  process  and  further  destruction  [1].  The  main
problem is the determination of the strength and structural characteristics
of the material. Compared to traditional methods, non-destructive testing
methods make it possible to determine the existence of internal defects
and the presence of varying degrees of inhomogeneities. The purpose of
the  work  is  to  determine  the  presence  of  current  inhomogeneities  in
materials  that  affect  the  performance  characteristics  of  products.  Was
used  the  acoustic  emission  method  to  identify  inhomogeneities  which
makes  it  possible  to  determine  the  internal  inhomogeneities  of  the
structure [2]. The process of registration of acoustic waves was carried out
with  the  help  of  acoustic  emission  sensors,  which  measured  acoustic
waves with their further transformation. The collected acoustic emission
data  are  subjected  to  further  automatic  processing  using  artificial
intelligence  methods.  The  proposed  approach  to  the  study  of  these
acoustic  waves makes  it  possible  to  quickly  and with  a  high  degree of
reliability  determine  the  presence  and degree  of  inhomogeneity  within
materials.

References
[1] Atosh Kumar Sinha,  Susanta Pramanik,  Krishna P.  Yagati, Research

progress in arc based additive manufacturing of aluminium alloys – A
review, Measurement, Volume 200, 2022, 111672.

[2] Sergiy Bezhenov, Damage evaluation of the power plants materials
based  on  the  AE  model  of  material  degradation  under  high-cyclic
fatigue, Procedia Structural Integrity, Vol. 36, 2022, Pages 356-361.

28



Application of machine learning methods for the analysis of X-ray
absorption spectra of molecules

S.V.   Abrosimov
The Smart Materials Research Institute at the Southern Federal University

Corresponding author e-mail: sabrosimov@sfedu.ru

The application of machine learning methods for the analysis of X-ray
absorption spectra is a priority task in materials science. This method of
analysis  makes it  possible  to  obtain  information about  the structure  of
materials more accurately and faster than numerical methods. In my work,
I  used  machine  learning  methods  to fit  the  structural  parameters  of
binuclear molecules. Adaptive sampling was used to improve the quality of
approximation of the XANES function from structural parameters. Due to
the availability of X-ray structural data, the validation of the results was
carried  out. I  have  studied the  finite  difference  method  and  machine
learning methods. I applied machine learning to determine the local atomic
structure of mononuclear and binuclear molecules using the value of the R-
factor for each deformation. 

Fig.1 Determination of the global minimum value of the R-factor for the
CN-RC deformation of one of the studied molecules

As  a  result,  I  managed  to  get  a  fairly  accurate  prediction  of  the
geometric structures of the studied molecules.
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We  developed  the  methods  for  non-destructive  precision
nanocharacterisation of local atomic and electronic structures parameters
in active functional materials, including directly during the processes under
real technological conditions (operando mode during catalytic reactions on
the surface of  metal  nanoparticles  on porous substrates,  as  well  as  on
metal centres in functionalized zeolites, charge-discharge of lithium- and
sodium-ion cathode materials, in situ diagnostics of the material synthesis
process) and with the involvement of a large scale research infrastructure
(synchrotron radiation centres). An important part of these techniques is
the use of deep machine learning technology to analyse big data originated
from  time-resolved  experiments  involving  catalytic  reactions,
(hydrogenation  and  oxidation  reactions  on  palladium,  ruthenium  and
platinum  nanocatalysts,  energy  storage  and  conversion  processes
materials.  Based  on  the  application  of  the  developed  methods,  non-
destructive precision nanocharacterisation of the parameters of the local
atomic and electronic structures of a number of active functional materials
have  been  carried  out  (lithium-  and  sodium-ion  cathode  materials,
including composite ones, using MOFs as a coating and an active working
phase, functionalized metal-organic frame structures and zeolites, metal
nanoparticles on porous substrates). 

The  research  is  supported  by  the  Ministry  of  Science  and  Higher
Education  of  the  Russian  Federation  (State  assignment  No  0852-2020-
0019). 
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Microfluidic  devices  have  been  used  in  chemistry,  catalysis,
biomedicine,  and  pharmacology  for  a  couple  of  decades.  These
technologies are partially based on advances in nanotechnology and are in
the  intersection  of  chemistry,  physics,  engineering,  and  biology.
Microfluidics  operates  with  micro,  nano  and  even  picolitre  volumes  of
sample in closed channels, which reduces the amount of reagents used for
the  experiment  and  eliminates  contamination.  Automation  of  such
operations  as  dosing  and  transportation  of  reagents,  their  mixing,
separation, heating, cooling and exposure to various types of radiation as
well as different types of characterization brings high-throughput synthesis
to a new level. The addition of artificial intelligence technologies to high-
throughput  synthesis  is  a  game-changer  that  enables  self-driving
laboratories for development of new functional materials and optimizing
known reactions [1].

A  set  of  microfluidic  devices  for  in  situ characterisation  were
developed. Particularly, the microfluidic chips were developed for Dynamic
Light  Scattering  (DLS)  measurements  in  two  modes:  stop-flow  and
continuous-flow. The test for DLS microfluidic cell were performed on Au
nanoparticles,  Tween-80  micelles,  and  GdF3@Tb  nanoparticles.  In  situ
microfluidic cell for UVvis in reflectance geometry was designed. The cell
for  synchrotron Small  Angle  X-ray  Scattering  (SAXS)  measurements  was
constructed.
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Silicon nanowires (SiNWs) array is a prospective surface with controlled physico-
chemical properties that can be modified with functional materials depending on
application tasks. One of the promising issues is related to the synergy between natural
biomaterials and semiconductor structures. Dps (DNA-binded protein from starved
cells) is a molecule with hollow spherical form which belongs to the bacterial ferritins
group. These molecules shown an ability to form oxidized iron nanocluster core with
spatial resolution limited by molecule dimension. The combination of Dps with SiNWs
array  may  allow  the  formation  of  hybrid  nanomaterials  for  nanoelectronics  or
spintronics. In this instance, Dps plays the role as an iron ions containing molecules with
the size limited by few nanometers and identical form, structure and composition. The
possibility of apo-Dps (iron free protein) filling in arrays of Si NWs is presented along
with information on the composition and structure. In frame of  this  study, the
molecules ability to penetrate into the porous SiNWs array was investigated by applying
a  number  of  characterization  techniques.  The  morphology  studies  of  obtained
structures were performed by high-resolution scanning electron microscopy. Atomic
and electronic structure, chemical composition before and after Dps immobilization
were studied by applying surface sensitive methods: synchrotron X-ray absorption near
edge spectroscopy (XANES) for the estimation of the local surrounding of the given sort
of atoms and lab X-ray photoelectron spectroscopy (XPS) for the chemical composition
determination. The obtained results could play a key role in the future formation of
composite nanostructures containing small iron nanoparticles. 

The work is supported under scholarship of the President of Russian Federation
SP-189.2021.1 for young scientists. SiNWs characterization performed under support
of the Ministry of Science and Higher Education of the Russian Federation under
State Task for Higher Education Organizations in Science for 2020–2022 (Project
FZGU-2020-0036).
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Dps protein of Escherichia coli (E.coli) belongs to the ferritine-like group
and represents a nanoscale hybrid particles consisting of 9 nm organic shell
and 5 nm inorganic core. The protein shell is formed by a twelve identical
subunits with the known structure as a dodecamer. 

In present paper the direct experimental information about specificity
of iron atoms local surrounding in ferritines immobilized into planar and
nanostructured  silicon  surfaces  using  a  soft  X-ray  synchrotron radiation
spectroscopy  have  been  applied.  Additionally,  high-resolution  cryo-
transmission  electron  microscopy,  AFM,  dynamic  light  scattering  have
been performed.  The thermal  and ion beam treatments  were used  for
surface  modification.  The  presence  of  both  Fe2+  and  Fe3+  ions  in  the
octahedral  and  tetrahedral  surrounding  of  O  atoms in  the Dps  protein
samples consisted of ~10 nm hybrid particles with ~5 nm inorganic cores
were  observed.  Partial  Fe  restoration  followed  by  the  surface  post
treatment  is  shown  revealing  a  complex  composition  of  the  hybrid
particles cores even in the native Dps protein, that has been isolated from
aerobically  grown  bacteria.  These  proteins  containing  inorganic  iron-
oxygen nanoparticles can be considered perspective for a novel low-cost
and  energy  effective  technology  for  the  functional  low-dimensional
materials formation.

The study was supported by Russian Science Foundation (Project 19-72-
20180) and partially by the Ministry of Science and Higher Education of the
Russian Federation under State Task for Higher Education Organizations in
Science for 2020-2022 (Project FZGU-2020-0036).
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Silicon nanoparticles (SiNPs) is a prospective material with controlled
physico-chemical properties that can be used for promising therapy and
diagnostic issues (theranostics). The integration of SiNPs in biostructures
can be used as  the synergy between natural  biomaterials  and particles
structures.  This  makes  studies  of  their  integration  at  the  level  of
experimental  surface  atomic  and  electronic  structure  and  its  chemical
composition demanded by applying surface sensitive method synchrotron
based X-ray absorption near edge spectroscopy (XANES) for the estimation
of the local surrounding of the given sort of atoms.

Porous SiNPs with developed surface were investigated by synchrotron
based techniques before and after integration with 3T3 NIH cells culture of
the silicon local atomic surrounding after incubation. XANES (Si L2,3 and O K)
spectra  were  registered  in  the  NanoPES  beamline  of  the  Kurchatov
synchrotron radiation center (NRC "Kurchatov Institute").

The  results  of  experimental  synchrotron  studies  of  the  electronic
structure and composition of the biohybrid structure by XANES spectroscopy
together with scanning electron microscopy data allow us to conclude that
nanoparticles combined with biological objects are subject to changes in the
composition, structure and physico-chemical state of the surface.

This work was supported by the Russian Science Foundation (project
19-72-20180).  The  work  is  additionally  supported  by  the  Ministry  of
Science and Higher Education of Russian Federation under Agreement No.
075-15-2021-1351 in part synchrotron diagnostics methodology
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Copper  nanostructures  (CuNSs)  with  highly  developed  surface  are
potentially  perspective functional  material  for  biosensoric application as
plasmon-active surfaces for amplification of the Raman scattering signal.
Swift heavy ion track technology has been used for the pre-patterning of
surfaces for self-organized localized CuNSs growth in porous matrix. Wet-
chemical electroless approach for the localized formation of the CuNSs in
pores have been applied. According to scanning electron microscopy data,
observed tracks in the silica matrix have been partially filled by two types
of copper nanocrystals with the grain dimensions of 10 nm and 70 nm as
mean  sizes.  The  samples  with  different  pores  filling  degree  have  been
investigated. First type of surfaces is related to the partly filled pores by Cu
and  the  second  type  to  overfilled  pores  with  spherical  copper  caps
formation on a top. For a careful and detailed analysis  of the observed
surface atomic and electronic structure as well as physico-chemical state
the  X-ray  Absorption  Near  Edge  Structure  (XANES)  using  large-scale
facilities at BESSY II synchrotron storage ring at HZB Berlin have been used.
Noticeable changes of electronic structure and phase composition caused
by transformation of crystal sizes and filling degree have been detected.
The detected local copper and oxygen atomic surrounding reconstruction
allowed  us  to  establish  a  validity  for  used  proposed  technique  for
controlled formation of SERS sensitive surfaces. 

The work is supported by the Ministry of Science and Higher Education
of Russian Federation under Agreement No. 075-15-2021-1351.
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Tin oxide is very promising material for production of the novel electronic devices
such as resistive gas sensors with advanced characteristics: miniaturization and low
energy consumption undergo with very developed technologies aiming at  low
thickness active nanolayers.  This study aims at  investigation of their formation
specifics by several approaches: magnetron sputtering (MS), metal-organic chemical
vapour deposition (MOCVD), molecular beam epitaxy (MBE). In spite of tin oxides
low thickness layers wide modern usage no systematic, comparative and complex
studies  of  their  morphology,  local  atomic  and  electronic  structure  have  been
performed  by  electron  microscopy,  high  resolution  synchrotron  based  X-ray
Absorption Near Edge Structure (XANES), X-ray Photoelectron Spectroscopy (XPS)
techniques in  combination with  first  principles  calculation and modelling.  Such
characteristics of the active surface and interfaces as the local atomic surrounding
and electronic structure, physical and chemical stability are very important, especially
for developing a strategy for functional application in modern engineering and
technologies beyond optical transparency and gas sensing properties, such as bio-
photonics. The complex comparative study of Sn-SnOx-SnO2 structures deposited on
planar silicon surfaces formed by MS, MOCVD and MBE have been performed in
combination  with  first  principles  calculations  and  linear-combination  fitting
modelling.  Thicknesses  of  layers  did  not  exceed  few  tens  of  nanometers  (5
monolayers for MBE). For MS layers a wide range of phases in form of granular film
have been shown indicating a flexibility in gap engineering. At the same time MOCVD
approach demonstrated a possibility of stable low dimensional granular SnO2-x core-
shell  film formation.  Phase  transformation  for  MBE structure  included oxygen
transport to silicon buffer under certain anneal. All approaches are considered as
possibly prospective for real 3D developed surface functionalization.

The reported study was funded by RFBR project number 21-53-12042.
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Metal-Organic Frameworks have been used as metal supports in the
last years.[1] However, the stability of the metal atoms is still limited and
they can easily sinterize.[2] In this work, we have designed a methodology
to generate stable and reactive Pt sites anchored on the cluster of UiO-
66(Ce). A deeper insight on the nature of Pt species was reached thanks to
CO adsorption followed by IR spectroscopy. The CO-FTIR spectrum of the
Pt/Ce-MOF shows a new component at 2167 cm -1 which could be assigned
with the interaction of CO with partial positive Pt sites (Figure 1). 

Figure 1. FT-IR spectra of UiO-66(Ce) (orange line) and Pt/UiO-66(Ce) (red
line) focused on the OH (left panel) and CO (right panel) regions.

X-Ray Absorption at Ce L3-Edge and CD3CN adsorption followed by FTIR
experiments showed indications of the presence of some (~10%) Ce3+ on
the Pt/UiO-66(Ce), suggesting the proximity of Pt with the Ce-clusters. 
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The  ion-beam  sputtering  deposition (IBSD) [1]  is  a  method  based  on
physical etching of a target with consequent condensation of this material on
substrates.  A  large  sputtering  area
with  a  flexible  energy  calibration
provides  conditions  for  a  wide
variation  of  functional  thin-films
design. In  this  review,  we  report
developing of  several  multi-layered
coatings  for different  investigations
at  Megascience  facilities:  a)  X-ray
standing wave (XSW) generators, ii)
the  compact  large-energy
bandwidth monochromator [2], and
iii)  magnetic  contrast  layers  (MCL)
for  the  polarised  neutron
reflectometry (PNR). 

Fig. 2. The energy spectra from the 
Mo/Si multilayer compared with 
the pink beam. 

In the first case, we conducted
experiments  on  evaluation  of
chemical  composition  inside
mineral  core  of  the  bacterial  Dps
(E. coli) by the XSW at the 1st Bragg
peak  (fig. 1).  In  another  research,
we achieved bandwidth of 4±0.2%
in  the  energy  range  5-12  keV

maintaining reflectivity of 23-60% (fig. 2).
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In the first case, we 
conducted experiments on 
evaluation of chemical 
composition inside mineral core 
of the bacterial Dps (E. coli) by 
the XSW at the 1st Bragg peak 
(fig. 1). In another research, we 
achieved bandwidth of 4±0.2% 
in the energy range 5-12 keV 
maintaining reflectivity of 23-
60% (fig. 2). Quality of the 
monochromator was evaluated 
in experiments with 
multicomponent catalytic 
systems containing Co(tpyOH) 

or FeTPPCl. And finally, a set of 50*50 mm substrates covered by Fe/SiO2 
bilayers were tested in several PNR experiments in presence of 10 mT magnetic 
field for switching between R+ and R- polarisation (fig. 3). 

The IBSD in all cases provided smooth and uniform amorphous coatings 
which meet requirements of X-ray and neutron optics. Complementary 
laboratory investigations by AFM, XRR and XRD methods approved sub-nm 
roughness (up to 0.2 nm) and non-gradient morphology of individual layers. 

This work was prepared with support from Ministry of Science and Higher 
Education of the Russian Federation (project FZWM-2020-0008). 
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Fig. 3. PNR spectra of Fe/SiO2 with density 

profiles and the experimental scheme. 

 
 



In situ evolution of pt species in water splitting photocatalyst

Njoroge   P.N, Kozyr E.G, Bugaev A.L.
The Smart Materials Research Institute, Southern Federal University,

Sladkova 174/28, 344090 Rostov-on-Don, Russia
Corresponding author e-mail: NOROGE@SFEDU.RU

Water splitting is the chemical  process of breaking down water into
oxygen and hydrogen and is viewed by the scientific community as a good
alternative source of hydrogen. The strategy to use metal nanoparticles
with titania as a support is seen to have the potential to make hydrogen
production energy efficient and economical. Therefore, this work is aimed
at  studying  the  in-situ  evolution  of  Pt  species  on  titania  during  water
splitting  catalysis  to  provide  the  important  structural  properties  of  the
photocatalyst under working conditions.

 

(a)                                                        (b)                                                         (c)
Fig.1. (a) A scheme of the photocatalytic cell, (b) Pt L3-edge XANES 
spectra before and after photodeposition, and evolution of 
fluorescence signal during UV-irradiation; (c) UV-Vis spectra before 
and after UV-irradiation and evolution of H2 signal in MS respectively.

3D-printed in situ photocatalytic cell (figure 1a) was prepared having
titania on a tape and K2PtCl6 dissolved in formic acid and distilled water
(1:3).  Operando  laboratory  characterization  was  done  collecting  XANES
data  using  Rigaku  R-XAS  spectrometer,  UV-Vis  spectra  and  mass
spectrometry (MS) data. From the XANES data (Figure 1b), the oxidation
state of the Pt is changed from +4 to 0 after photodeposition. The absolute
intensity of fluorescence signal, proportional to the amount of Pt on titania
was growing progressively over ca. 1 h (inset in Figure 1b). At the same
time, hydrogen signal growth was observed by the mass spectrometer over
the same time-scale (inset in Figure 1c) which confirms formation of active
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Pt (0) species on titania as well as water splitting catalysis actually taking
place. Finally, the UV-vis data confirms that once the UV light is introduced,
the  signal  of  Pt4+ species  in  UV-Vis  spectrum  disappears  immediately
(Figure 1c).

In conclusion, we have revealed that 
 Pt4+ reduces  immediately  as  soon  as  UV-light  is  introduced

irrespective of titania support
 Pt is  progressively  photodeposited on titania  over  ca.  1 h with

simultaneous growth of hydrogen production
 Pt is  present as Pt(0)  nanoparticles deposited on titania in  the

resulting active catalyst

The future plans include  machine learning and DFT-assisted in-depth
analysis  of  operando data  and  additional  synchrotron  experiments  to
establish  structure-reactivity  relationships  and  provide  the  routs  for
rational  design  of  efficient  photocatalytic  systems  for  hydrogen
production.
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Microfluidics  is  a  field  of  science  that  studies  small  fluid  flows
interaction  [1-3].  Using  a  system  of  interconnected  capillaries,  a  high-
precision reagent pump, and a thermostat with low thermal inertia, it is
possible to achieve chemical reaction conditions that can’t be possible with
a classical synthetic method and will lead to the formation of a product
with unique properties.  To obtain such materials,  we have developed a
device that includes syringe pumps, a compact thermostat, and a set of
tubes  and  connectors  for  connecting  pumps  to  a  microfluidic  chemical
reactor. The development included the design of each individual element
of mechanics, cases, as well as the relative position of the elements in the
Autodesk  Inventor  computer-aided  design  (CAD)  engineering  system.
Special attention was paid for development of a single control board based
on  functional  modules  and  Arduino  software.  The  device  is  capable  to
control  four  independent  lines  of  reagents  with  an  accuracy  of  up  to
nanoliters per minute through a pipe system to a microfluidic chemical
reactor installed in a thermostat, which can apply both heating and cooling
on the reactor, thus controlling the reaction rate. The created microfluidic
synthesis  system  was  used  to  obtain  MIL-88a  [4],  CaWO4,  BaGdF5

nanoparticles and other nanoscale materials.
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The introduction of  smart  virtual  assistants (VAs)  and corresponding
smart  devices  brought a  new degree of  freedom to our everyday lives.
Voice-controlled  and  Internet-connected  devices  allow  intuitive  device
controlling and monitoring from all around the globe and define a new era
of human–machine interaction. With speech being one of the most natural
and intuitive means of interaction, machine control or data access using a
voice  interface  offers  advantages  over  conservative  device  interaction
methods  that  are  provided  by  human  interface  devices.  A  hands-free
machine control while pursuing other tasks, an intuitive interaction that
does  not  require  extensive  training,  and  an  easy  device  interaction  for
operators with visual or physical impairments are just a few benefits of a
voice  user  interface  (VUI).  Some  VAs  allow  the  extension  of  their
capabilities by the installation of custom-developed applications, so-called
“skills” or “actions.” Besides use for entertainment and home automation
purposes, there is also a demand to use the current VA technology in a
professional environment [1].

The aim of this study was to establish a laboratory VUI for controlling
laboratory  instruments.  This  was  achieved  using  commercially  available
hardware, cloud services, and open-source solutions. The setup is modular
and allows the integration of older laboratory instruments. It showed high
accuracy  in  the  execution  of  speech  commands.  Using  open
communication  protocols  and  data  formats  allows  integration  into
available digital laboratory infrastructures [2]
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Currently,  computer  vision  methods  are  actively  used  for
microstructural  analysis  of  materials.  Processing of  the obtained images
allows  us  to  explore  the  unique  properties  and  features  of  materials,
including for the discovery of new materials with improved properties. This
study  reports  computer  vision  methods  such  as  image  classification,
semantic segmentation and synthesising of material datasets.

Image classification [1] is a rapidly developing field of computer vision,
which consists in the development of algorithms that allow to classify the
contents of images with an accuracy close to humans. The structure of this
method  can  be  briefly  defined  as  follows:  image  preprocessing  is
performed, then the object is detected. Features that may be important
for detecting objects of a certain class are subsequently extracted from the
detected object.

Another  computer  vision  method  is  semantic  segmentation  [2],  the
process of binding each pixel to a class label. Such a label can be a specific
object in the image. Therefore, during semantic segmentation, each pixel
contains information about the properties of the object (for example, size,
shape, or position) and must be associated with a label of a certain class.

In general, speaking of extracting useful information from visual data,
one of the most frequent and at the same time applicable and effective
basic methods is object detection and material instance segmentation [3].

Image synthesis [4] is the reverse of the classification problem process.
A  model  that  can  be  trained  to  synthesize  images  is  called  Generative
Adversarial  Networks.  Often,  images  obtained  from  high-precision
microscopes  are  very  expensive  and  synthetic  material  datasets  have
become popular nowadays.
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X-ray  spectral  methods  are  used  to  study  the  composition  and
distribution of Zn in soils, to obtain information about the mechanisms of
their  absorption of  various chemicals,  the processes  of  speciation of  the
pollutant.  The  purpose  of  this  work  is  to  study  the  local  atomic  and
electronic structure of Zn in soil samples using X-ray synchrotron radiation.

In order to identify the features of the accumulation of Zn oxide in soil
samples, a model laboratory experiment was laid. Petri dishes were filled
with 50 g of air-dry soil, cleaned of plant residues and sifted through a sieve
with a hole diameter of 3 mm. The soil is represented by ordinary Calcic
Chernozem.  Zn  was  introduced  into  the  soil  in  the  form  of  oxide  in
macrodispersed (with a particle size of 3-5 μm) and nanodispersed (30-50
nm) forms in doses of 3, 30 and 90 backgrounds, in mg/kg. At the station
"Structural  Materials  Science"  (1.3.b)  of  the  National  Research  Center
"Kurchatov Institute", experimental spectra of the near fine structure of X-
ray absorption (XANES) and the far fine structure of X-ray absorption (EXAFS)
were obtained. 

The results showed that the spectra of the studied samples are quite
different  from  each  other.  A  number  of  them  show  similarity  with  the
spectra of ZnO, while others are closer to ZnNO3 in shape and position of the
main features.  Graphs of the first derivative μ(E) make it  possible to see
these differences more clearly.  Clear differences can also be seen in the
Fourier  transforms (FT)  of  the spectra.  The intense  peak  observed  in  all
spectra  in  the  region  of  1.5  Å  on  the  R  scale  corresponds  to  the  Zn-O
distances. The EXAFS ZnO FT exhibits one more intense maximum in the
region of 3 Å. This peak is due to the scattering of an electron wave by the
second coordination sphere formed by Zn atoms. Thus, the presence of this
peak can serve as an indicator of the presence of ZnO in the composition of
the samples under study, however, the samples contain a mixture of ZnO
with other Zn compounds, and their ratio can vary greatly depending on
various factors.

The  study  was  supported  by  the  grant  from  the  Russian  Science
Foundation (project No. 21-77-20089) at the Southern Federal University.
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Synchrotron-based X-ray study of Markovka, Polujamki, 
Sayh Al Uhaymir 001, Dhofar 020 and Jiddat Al Harasis 055
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A.N.   Kravtsova1, L.V. Guda1, A.A. Guda1, S.P. Kubrin2, M.I. Mazuritskiy3,
Yu.V. Popov4, A.A. Tereshchenko1, A.V. Soldatov1

1The Smart Materials Research Institute, Southern Federal University,
2Research Institute of Physics, Southern Federal University, 3Physics

Faculty, Southern Federal University, 4Institute of Earth Sciences, Southern
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Element  and  phase  composition,  Fe  and  Ni  oxidation  states  in
Markovka (H4 type), Polujamki (H4 type), Sayh Al Uhaymir 001 (L5 type),
Dhofar  020 (H4/5  type),  and  Jiddat  Al  Harasis  055 (L4-5  type)  ordinary
chondrites  has  been  comprehensively  investigated  using  synchrotron-
based  X-ray  diffraction  (XRD),  X-ray  absorption  near-edge  structure
(XANES) spectroscopy, and variety of laboratory-based techniques such as
micro  X-ray  fluorescence  analysis,  scanning  electron  microscopy,
Mössbauer  and  FTIR  spectroscopies,  magnetic  measurements  [1].  The
crystalline phases determined by XRD analysis are olivine, orthopyroxene,
clinopyroxene,  anorthite,  goethite,  chromite,  maghemite,  albite,  troilite,
whitlockite and others (see Table 2 of [1]). Fe and Ni K-edge XANES spectra
have  been  analyzed  to  determine  Fe  and  Ni  oxidation  states  in  the
chondrites. The lowest Fe3+/ƩFe ratios equal to 0.30 and 0.35 have been
obtained for Sayh Al Uhaymir 001 and Polujamki. And the highest Fe3+/ƩFe
values equal to 0.61, 0.68 and 0.69 have been found for Jiddat Al Harasis
055, Markovka and Dhofar 020.

The obtained data are useful from the point of view of accumulating
statistical information on the chemical and phase composition of ordinary
chondrites, as well as for further understanding of meteoritic processes.

The research is supported by the grant of the Ministry of Science and
Higher Education of the Russian Federation (project 16.3871.2017/4.6).

References
L.V.  Guda,  A.N.  Kravtsova  et  al.  (2021).  Complex  diagnostics  of
ordinary  chondrites  Markovka,  Polujamki,  Sayh  Al  Uhaymir  001,
Dhofar  020  and  Jiddat  Al  Harasis  055  by  X-ray  techniques  and
Mössbauer spectroscopy. Meteoritics & Planetary Science, V. 56, N.
12, P. 2191-2210.

49

mailto:akravtsova@sfedu.ru


Mass crystallization of bioinspired CaCO3 drug carriers 
using microfluidics

     Alexey Ermakov 1, Sergey Сhapek2, Mikhail Soldatov 3, Daria Trushina 4

1 Institute of Molecular Theranostics, I.M. Sechenov First Moscow State
Medical University (Sechenov university), Moscow, Russia2The Smart

Materials Research Institute, Southern Federal University, Rostov-on-Don,
Russia3Federal Scientific Research Centre «Crystallography and Photonics»

of Russian Academy of Sciences, Moscow, Russia
Corresponding author e-mail: oualeksej@yandex.ru

Mass crystallization in  a  bulk  hardly  allows precise  control  over  the
properties  of  the  precipitate,  especially  during  the  crystallization  of
metastable crystals, which easily transforms into a more stable phase. The
emergence of microfluidic technology provides an effective approach on
that  issue,  thus  attracting  widespread  researchers’  interest  in
crystallization research.

In this study, based on segmented-flow microfluidics, we demonstrate
a  microfluidic  approach  toward  the  study  of  the  formation  and
transformation  of  CaCO3  aiming  vaterite  polymorph.  We  studied  the
heterogeneous nucleation and growth of CaCO3 within regular arrays of
picoliter  droplets  with  control  of  the  velocity  and  concentration  of
CaCl2 and  Na2CO3.  The  results  demonstrate  a  number  of  remarkable
features  of  precipitation  within  these  confined  volumes.
CaCO3 crystallization  proceeds  significantly  more  slowly  in  the  droplets
than  in  the  bulk,  allowing  the  mechanism  of  crystallization,  which
progresses  via  amorphous calcium carbonate,  to  be easily  observed.  In
addition, the precipitation reaction terminates at an earlier stage than in
the bulk solution, revealing intermediate growth forms. 

Optimization  of  the  reagent  flow  rate  (0.1  -0.7  ml/min),  their
concentration (0.1 – 1 M) and addition of surfactants allows to precipitate
stable spherical calcium carbonate particles with a size in the nanometer
range. The results are also of significance to biomineralization processes,
where  crystallization  typically  occurs  in  confinement  and  in  association
with organic matrices, and it is envisaged that the method is applicable to
many crystallizing systems.

This  research  was  funded  by  the  Ministry  of  Science  and  Higher
Education  of  the  Russian  Federation  (Agreement  №  075-15-2021-1363,
Contract № 210EП from 29 November 2021).
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Porous  coordination  materials  such  as  metal  organic  frameworks
(MOFs)  have  attracted  considerable  interest  for  their  potential  use  in
catalysis and gas storage or gas separation  [1]. Uptake of ethylene from
atmosphere can be used for decelerating the fruit and vegetables ripening
process in food industry [2]. Here, we investigate the local atomic structure
of Cu-based MOF, HKUST-1, and its possibility to absorb ethylene on metal
sites by means of in situ XAS spectroscopy and ab initio simulations.

The Cu K-edge XAS spectra were measured for a commercial HKUST-1
sample (Basolite C300) at Rigaku R-XAS Looper laboratory spectrometer.
The sample was activated in Ar at 200 °C to remove water coordinated to
Cu  ions  and  then  exposed  to  10%  C2H4/Ar  at  room  temperature.  The
obtained spectra of HKUST-1 correspond to Cu2+. XANES confirmed the fact
of  binding  of  ethylene  to  open  cooper  sites  (Fig.1).  The  results  were
complemented by theoretical XAS spectra simulated in FDMNES code.

Figure 1. a) experimental and b) theoretical XAS spectra of HKUST-1 with
water (blue), activated (black) and loaded with C2H4 (red)

This  work  was  supported  by  the  President's  Grant  of  Russian
Federation for young scientists МК-5853.2021.1.2 (№ 075-15-2021-499).
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Synthesis of silver nanoparticles (Ag NPs) is the essential problem for
the  modern  science  [1]  It  involves  such  branches  like  biotechnology,
informational technology, electronics, optoelectronics , oncology , ecology,
chemistry, physics, sanitizing [2]. 

Improvement  of  the  approaches  of  Ag  NPs  helps  to  develop
technology, electronics, approaches to save millions of lives all  over the
world  with microfluidis methodology to save Earth from pollution with
new nano-supported medicines and Ag-doped materials.

Present technologies of the synthesis Ag nanoparticles take too much
time  to  obtain,  determine  and  to  make  corrections  in  synthesis’s
parameters.

Application of  the microfluidic  synthesis  gives  us  the  opportunity to
synthesize  Ag  NPs  in  the  controllable  environment  with  preferred
properties of the NPs. We performed a series of  the experiments to repeat
the bulk synthesis, and then to synthesize NPs with the required properties
with one of the existing approaches.
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The metal-organic frame is a unique material due to such properties as

high porosity and large surface area. Due to these properties, their use in
medicine, as carriers of medicines, is a promising direction. Such an MOF
as the MIL-88a is ideal for this task. It has a large porosity, and it can be
synthesized quite simply without using special parameters. The purpose of
this study is to develop a technique for obtaining a system based on MOF
MIL-88a and magnetic nanoparticles in one stage. This system can be used
for targeted drug delivery, since they are non-toxic and biodegradable, as
well as a photocatalyst.

As a result of electrochemical synthesis, particle dispersions based on
MIL-88a were obtained. The synthesis is an electrochemical reduction of
iron in an aqueous alcohol solution in the presence of a binder - fumaric
acid.  The  resulting  systems  were  investigated  by  modern  methods  to
determine  chemical  and  physical  characteristics.  Characterization  was
carried  out  using  X-ray  diffraction,  infrared  spectroscopy,  and  x-ray
absorption near-edge structure, MIL-88a has a spindle-shaped morphology
and a size of 100 nm. 

According to the results [1] of the study it can be said that the resulting
system can be used in targeted drug delivery and as a photocatalyst.

This work was supported by Russian Science Foundation (Project No.
19-73-10069). 
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