


 

Greeting to the participants from  
Mikhail Kovalchuk  
 Chair of Scientific Committee 
 

 
Dear students, young scientists and lecturers! 
Welcome to RACIRI Summer School 2016! 
We are glad to see you here, in the famous historical and cultural area – 
Saint Petersburg region. 
 
The RACIRI Summer School is a result of successful scientific cooperation in the 
Baltic Sea region among Russian Federation, Germany and Sweden. The main goals 
of the School are education and training of the young generation of the synchrotron 
and neutron mega-facilities users. 
 
This year we bring to notice the convergence and complementarity of different 
sciences as the basis for interdisciplinary approach. That is the fruitful way to find a 
solution to modern challenges. 
 
The RACIRI 2016 program includes lectures and other events to improve the 
fundamental understanding in advanced materials design rather than focusing on 
plain experimental methods and techniques. The school is committed to development 
the scientific knowledge base of young researchers in advanced materials design with 
a strong connection to the excellent research infrastructure of the large facilities and 
to contribute to the necessary interdisciplinary literacy in relevant scientific fields. 
 
We wish you a very interesting and successful RACIRI Summer School 2016! 
 
 

Prof. Mikhail Kovalchuk 
President of NRC “Kurchatov Institute” 
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RACIRI SUMMER SCHOOL – MISSION AND 
OBJECTIVES 

The Russian Federation, Sweden and Germany are enhancing their cooperation 
in research, education and knowledge transfer, particularly in the exploitation of 
modern X-ray and neutron facilities for the design of advanced materials. 

The three countries are striving to become the international powerhouse in the 
use of advanced X-ray and Neutron Facilities in materials science. Beside the existing 
X-ray and neutron sources in the countries the upcoming research facilities European 
XFEL in Hamburg, the European Spallation Source ESS and MAX-IV in Lund as 
well as the upgraded neutron reactor PIK in St.-Petersburg will significantly 
strengthen the analytical research capabilities in this region over the next decade. 
Two strategic cooperation platforms have been launched with the strong support by 
the national funding agencies, the Röntgen-Ångstrom Cluster (RAC) and the Ioffe-
Röntgen-Institute (IRI).  

A key factor of both platforms is the training of the next generation of 
researchers in order to assure that the full potential of the unique research 
infrastructure will be exploited. 

Thus, three countries have joined forces and launched the RACIRI Summer 
School (www.raciri.org). The typically 7-day long summer schools will be held every 
year with a special focal topic and rotates annually its venue among these partnering 
countries. The school will mainly address master/ diploma students and PhD students 
coming from the three partnering countries. 

The topics of the school are driven by scientific frontier themes and challenges 
in the field of materials and life sciences with a strong connection to the superb 
analytical potential at current and future research  Infrastructures (Synchrotron 
radiation, X-ray lasers and neutrons). It is one of the main goals to strengthen the 
scientific knowledge base of the next generation of researchers in advanced materials 
design and to contribute to the necessary interdisciplinary literacy in relevant 
scientific fields and disciplines.  

The program structure, lectures and topics of the RACIRI Summer School will 
be designed to improve the fundamental understanding rather than focusing on plain 
experimental methods and techniques. This will enable young researchers to better 
tackle today’s and tomorrow’s challenges and key barriers in materials and life 
sciences. The RACIRI Summer School provides a stimulating learning environment 
with sufficient time for social & cultural activity among the students. Internationally 
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renowned scientists and world-leading experts from the relevant fields will be invited 
as lecturers and tutors in close dialogue and interaction between the generations. 
Every RACIRI Summer School will have a highlighting talk by a towering scientist. 
Students who attend the RACIRI Summer School will be also actively engaged in the 
school program through poster and science slam sessions. The best 
presentations/posters will receive an award. The first RACIRI Summer School was 
successfully held in August 2013 in Petergof (Peterhof), Russian Federation, with 
about 100 students attending, followed by the second school in August 2014 in the 
Stockholm area. The third school in 2015 was on Rügen Island, Germany. 

This school themed “Convergent science and technology for society” is held 
again in Russia, now in Repino, Saint Petersburg region. 
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PROGRAM OF LECTURES 
RACIRI SUMMER SCHOOL 2016, 21-28 AUGUST 2016 

CONVERGENT SCIENCE AND TECHNOLOGY FOR SOCIETY 
 

ORGANIZING COMMITTEE PHONE +7 (921) 561-21-51 

Repino Cronwell Park Hotel  
394 Primorskoye shosse, 
Repino, St.-Petersburg, Russia 197738 

http://hotel-repino.ru/en/contacts/ 
+7 (812) 702-28-28, 
+7 (812) 702-28-50 
 

SUNDAY 21 AUGUST 2016 
 

10:00-17:00 Arrival and Check-in (rooms available from 17:00) 

18:30-21:30 Welcome party, Summer Terrace 

 

MONDAY 22 AUGUST 2016 
SOURCES & METHODS I 

 
08:00-09:00 Breakfast 

10:00-10:30 OPENING CEREMONY 

10:30-11:30 Keynote lecture. Mikhail V. KOVALCHUK (NRC KI) 
Convergent sciences and  nature-like technologies  

11:30-12:00 COFFEE & TEA  

12:00-12:45 Nils MÅRTENSSON (Uppsala University):  
Spectroscopic methods with synchrotron radiation 

12:45-13:30 Serguei L. MOLODTSOV (European XFEL):  
SR and FEL X-ray sources  

13:30-14:30 LUNCH  

14:30-15:30 Winfried PETRY (FRM-II, TU München):  
Nuclear fission and spallation neutrons 

15:30-16:30 Hartmut ZABEL (Ruhr-Universität Bochum):  
Scattering methods with neutrons and X-rays 

16:30-17:00 COFFEE & TEA 

17:00-18:00 Tutorials I with individual lecturers 

18:30-19:30 DINNER 

19:30-21:30 Poster Session I 



6 
 

TUESDAY 23 AUGUST 2016 
METHODS II & NANO MATERIALS 

 

08:00-09:00 BREAKFAST 

09:00-10:00 Sergey V. GRIGORIEV (PNPI, Gatchina):  

Small-angle neutron and X-ray scattering 

10:00-11:00 Wilfried WURTH (DESY, University  of Hamburg):  
Time-resolved photoemission  

11:00-11:30 COFFEE & TEA  

11:30-12:30 Klaus GIEWEKEMEYER (European XFEL):  

Coherent X-ray imaging - an overview 

12:30-13:30 Kartik AYYER (CFEL, DESY): 
Coherent diffractive imaging using imperfect crystals 

13:30-14:30 LUNCH  

14:30-15:30 Joachim STÖHR (Stanford University):  
Non-linear X-Ray science 

15:30-16:30 Elena N. OVCHINNIKOVA (Moscow State University):  
Resonant X-ray diffraction 

16:30-17:00 COFFEE & TEA 

17:00-18:00 Tutorials II with individual lecturers 

18:30-19:30 DINNER 

19:30-20:30 Alexander L. VASIL'EV (FSRC Crystallography & 
Photonics):   
New electron microscopy methods in material science 

20:30-21:30 Daniel WEGNER (Radboud  University Nijmegen):   
STM, STS, and AFM  microscopies applied to nanomagnets 

 

WEDNESDAY 24 AUGUST 2016 
FUNCTIONAL MATERIALS 

 

08:00-09:00 BREAKFAST 

09:00-10:00 Stefano BONETTI (Stockholm University): Small-magnetic 
X-ray microscopy: watching spins move in time and space 

10:00-11:00 Maths KARLSSON (Chalmers University of Technology):  
Neutron scattering investigations of ion-conducting oxides  

11:00-11:30 COFFEE & TEA  
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11:30-12:30 Alexander Ya. VUL' (Ioffe Physico-Technical Inst. RAS): 
Detonation diamonds - a new carbon nanostructure 

12:30-13:30 Eberhard LEHMANN (Paul-Scherrer Institute, Villingen): 
Modern neutron imaging techniques and applications 

13:30-14:30 LUNCH  

14:30-15:30 Sergei N. CHVALUN (NRC "Kurchatov Institute"):  
Bio-inspired nanocomposites learning from nature 

15:30-16:30 Irina A. KAMENSKIKH (Moscow State University):  
Optical and luminescent VUV spectroscopy 

16:30-17:00 COFFEE & TEA 

17:00-18:00 Tutorials III with individual lecturers 

18:00-19:00 CREMLIN Plenary Discussion: Optimizing training and 
education in the context of research infrastructures 

19:00-20:00 DINNER 

20:00-21:30 Poster Session II 

 

THURSDAY 25 AUGUST 2016 
CULTURAL HERITAGE 

08:00-09:00 BREAKFAST 

09:00-10:00 Ina REICHE (Rathgen Research Lab. Berlin): Revealing 
vanished polychromy and gilding of Phoenician ivories 

10:00-11:00 Vito MOCELLA (CNR-IMM Institute, Napoli):  
Synchrotron based techniques reveal writing and ink 
composition of Herculaneum papyri 

11:00-11:30 COFFEE & TEA  

11:30-12:30 Technical tour & Cultural Program: 
Excursion tour to - PIK PNPI    -  Gatchina    - Kronshtadt 

19:30-20:30 DINNER 

 

FRIDAY 26 AUGUST 2016 
ALTERNATIVE POWER & ENERGY MATERIALS 

08:00-09:00 BREAKFAST 

09:00-10:00 Kristina EDSTRÖM (Uppsala University):  
Energy storage materials 

10:00-11:00 Raif G. Vasilov (NRC "Kurchatov Institute"):  
Challenges of bioenergetics 
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11:00-11:30 COFFEE & TEA  

11:30-12:30 Valentin N. PARMON (Boreskov Institute): Catalysis and 
energetics. Experience of the Boreskov institute of catalysis 

12:30-13:15 Irina A. ZHURBINA (RFBR):  
RFBR programs for young scientists  

13:30-14:30 LUNCH  

14:30-15:30 ROUND TABLE Materials and power engineering for the 
Arctic 

15:30-17:00 SCIENCE SLAM 

17:00-17:30 COFFEE & TEA 

17:30-18:30 Tutorials IV with individual lecturers 

19:30-21:00 GALA DINNER WITH AWARDS, RESTAURANT REPINO 
CRONWELL PARK 

 

SATURDAY 27 AUGUST 2016 
SOFT MATTER & BIO MATERIALS 

 

08:00-09:00 BREAKFAST 

09:00-10:00 Emanuel SCHNECK (MPIKG, Potsdam): Soft interfaces 
studied by X-rays and neutrons 

10:00-11:00 Vladimir O. POPOV (FRSC-BioTechnologies):  
Protein crystallography – from structure to function 

11:00-11:30 CLOSING CEREMONY  

11:30-12:30 Cultural Program: Excursion tour to Pushkin (Tsarskoe Selo) 

19:30-20:30 DINNER 

 

SUNDAY 28 AUGUST 2016 

 Check out and departure. Check out time 15:00. 
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ORGANIZING INSTITUTIONS 
 

NRC “Kurchatov Institute” 

Kurchatov Institute was founded in Moscow in 1943 to solve the defense issues by 
the production of nuclear weapon. Kurchatov Institute played the key role in ensuring 
the country’s security. It significantly contributed to the development of major 
strategic lines. Today National Research Center «Kurchatov Institute» is one of the 
leading research centers in the world and the largest interdisciplinary laboratory in 
Russia. A substantial part of Russian nuclear physics facilities has been consolidated 
in NRC «Kurchatov Institute». It is  multi-disciplinary research laboratory with an 
advanced experimental base includes on the nuclear research reactors, dedicated 
synchrotron source, thermonuclear tokamak facilities and superior instrumented 
physics, chemical, biological and computer laboratories. The development and 
implementation of leading-edge technologies based on unique research and mega-
facilities and complexes are the top priorities of NRC KI. Since its foundation, 
Kurchatov Institute has been pursuing a full cycle oriented interdisciplinary 
approach – from fundamental research to ready for use technologies. 
 

Deutsches Elektronen-Synchrotron DESY 

DESY is a national German research center and member of the Helmholtz 
Association. Researchers use the large-scale facilities at DESY to explore the 
microcosm in all its variety – from the interactions of tiny elementary particles and 
the behavior of new types of nanomaterials to biomolecular processes that are 
essential to life. The accelerators and detectors that DESY develops and builds are 
unique research tools generating the world’s most intense X-ray light, accelerate 
particles to record energies and open completely new windows onto the universe. 
That makes DESY not only a magnet for more than 3000 guest researchers from over 
40 countries every year, but also a coveted partner for national and international 
cooperation.   
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Swedish Research Council / Vetenskapsråde  

The Swedish Research Council established in 2001 is an authority within the 
Ministry of Education and Research of Sweden. It has a leading role in developing 
Swedish research of the highest scientific quality, thereby contributing to the 
development of society. Besides research funding, the agency advises the government 
on research-related issues and participates actively in the discussions to create 
understanding of the long-term benefits of research. 
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Mikhail Kovalchuk 
koval@nrcki.ru 

NRC «Kurchatov Institute» 
President 

1, Akademika Kurchatova pl., Moscow, 123182, Russia 
Research interests: synchrotron and neutron techniques, material 

sciences, nano- bio- info- cognitive- social- technologies convergence 
 

 

Convergent Sciences and Nature-like Technologies 

Current challenges and problems of fundamental and applied science require 
the formation and development of new methodological approaches including a 
convergence of wide variety of scientific fields. This interdisciplinary methodology 
yields complementary to the radically new result and becomes the basis of the XXI 
century science.  

The main paradigm of scientific progress in the XXI century is the 
development of the nature-like technologies.  

At this stage we have learned how to create materials with properties close to 
those of wildlife and our next goal is not just to model but reproduce nature-like 
schemes using convergence of nano-, bio-, information, cognitive, social sciences 
(NBICS) humanities and technologies. 

In this combination nanotechnology acts as material basis of the new 
technological culture based on the capability to control directly atoms and molecules 
in order to receive fundamentally new substances, structure and systems with given 
properties. The composition of nanotechnological approach with achievements of 
molecular biology, bioengineering, genetic engineering becomes a foundation for 
development of nanobiotechnologies that make possible to create and reproduce 
artificially fundamentally new hybrid materials. But these technologies should be 
fertilized by IT in order to research and reproduce multiple information links, data 
transmission and transformation processes in living organisms. Moving the way of 
construction biomimetic systems and processes we are getting closer to creation 
anthropomorphic technological systems that will possess elements of cognitive 
abilities and consciousness. 

Thus we are coming now to the point where science, education and industry 
can develop only on the interdisciplinary basis.  
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Nils Mårtensson  
Nils.Martensson@Physics.uu.se  

Department of Physics and Astronomy, Uppsala University 
Professor 

Box 516, SE-751 20 Uppsala, Sweden 
Research interests: synchrotron radiation, core level spectroscopies, 

resonant processes, time resolved studies, electronic structure, 
surfaces, 2D-systems 

 

Spectroscopic Methods with Synchrotron Radiation 
 
The lecture will introduce and discuss a number of Synchrotron Radiation (SR) based 
spectroscopies. The increasingly brilliant SR sources have revolutionized many of 
these spectroscopic techniques. Such techniques are X-ray absorption spectroscopy 
where near edge studies are used to investigate electronic structure, extended range 
studies are used to probe the local structure and dichroism is used to study magnetic 
properties [1]. With modern SR sources, X-ray emission spectroscopy has developed 
into the very powerful RIXS method (Resonant Inelastic X-ray Scattering) [2]. Also 
photoelectron spectroscopy makes use of the properties of modern SR sources in 
many different ways. The spectral resolution is pushed, wider photon energy ranges 
can be used, more complete information can be collected and more complex systems 
can be investigated [3,4]. 

 

[1] J. Stöhr, NEXAFS Spectroscopy, Springer-Verlag, 2nd edition (2003) 
[2] M. Simon and T. Schmitt, J. Electron Spectrosc. Rel. Phen., 188 (2013) 1-182 
[3] S. Hüfner, Photoelectron Spectroscopy, Springer-Verlag, 2nd edition (1996) 
[4] M. Patanen, et al., J. Electron Spectrosc. Rel. Phen., 200 (2015) 78-93  
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Serguei Molodtsov 
serguei.molodtsov@xfel.eu 

European XFEL GmbH 
Scientific Director 

Holzkoppel 4, 22869 Schenefeld, Germany 
Research interests: solid state physics, photoemission spectroscopy, 

ultra-fast time resolution research 

 

 

 

SR and FEL X-ray sources 

  

In this lecture development of advanced large-scale x-ray sources when going 
from Synchrotron Radiation (SR) to Free Electron Laser (FEL) facilities will be 
presented. Different examples of x-ray large-scale facilities will be given and their 
parameters will be reviewed. Apart from the technical aspects, scientific applications 
will be broadly discussed and examples of typical experiments will be described. It 
will be shown that complementary use of both SR and FEL opportunities serves best 
research purposes of the scientific community.         
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Winfried Petry 
Technische Universität München, Forschungsneutronenquelle Heinz 

Maier-Leibnitz (FRM II) 
Scientific Director 

Lichtensteinstr. 1, 85747 Garching, Germany 
Research interests :material sciences, neutron instrumentation, large 

scale facilities, medical and industrial usage of neutron sources, 
building user communities 

 

Nuclear fission and spallation neutrons 

Sources of free neutrons for the purpose of research are many fold. To name a few of 
them: 

• spontaneous decay of 252Cf; 

• α emitters like Radium, Polonium, Americum, Curium alloyed in a Be matrix, 
whereby the α-particles kick neutrons out of the  Be matrix, the most used 
example is the  241Am/Be source; 

• the fusion reaction 2D +3T yields in 4He + n; 

• using (p,n) or (d,n), reactions at high energies, here the most prominent 
example is the acceleration of high energy and high intensity proton beams (Ep 
< 1 GeV, I > 1 mA) on a heavy target like Wolfram, Tantalum,  Lead – the so 
called spallation source; 

• an accelerated e- beam hits a heavy target, Bremsstrahlung is emitted which 
produces via a ( g,n) reactions high energetic neutrons; 

• and last not least the fission reaction 235U + nthermal =236Uexcited = fission 
products + 2.3 nfast+ 220MeV. 

All these sources need a moderator to slow down and thermalize the neutrons. 

After a short characterization of the different sources the talk will focus on the two 
most prominent examples, namely spallation sources and fission reactors. The 
important role of moderation of the neutrons to an appropriate energy or wavelength 
is another focus. Finally new concepts of smaller neutron sources with less neutron 
flux but high brilliance dedicated to particular applications will be strived. 
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Hartmut Zabel 
Hartmut.zabel@rub.de 

Ruhr-University Bochum, Johannes Gutenberg Universität Mainz 
Senior Research Professor 

Department of Physics, Universitätsstr. 150, 44780 Bochum, Germany 
Research interests: nanomagnetism, spintronics, magnetic x-ray and 

neutron scattering 

 

Scattering Methods with Neutrons and X-Rays 

 

X-ray and neutron scattering are two powerful methods for the analysis of 
structural and dynamical properties of materials. Although both methods emphasize 
the scattering cross section in Born approximation, they are sufficiently different by 
closer inspection to warrant their complementary use. The rapid development of both 
methods in recent years, motivated by the availability of advanced neutron and 
synchrotron sources, has shed more light on their respective power. The main 
advantages of neutron scattering are isotope sensitivity, in particular for H/D 
exchange, spin incoherent scattering for studying self-correlation, non-resonant 
magnetic sensitivity, and very high energy resolution. In terms of scattering the 
hallmarks of synchrotron radiation are availability of photons from soft to very hard 
radiation, element selectivity, coherency, extremely narrow beam width, and very 
high time resolution. In this presentation I will focus on recent scattering experiments 
with neutrons and x-rays, which highlight specific and characteristic features of both 
sources.   
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Sergey Grigoriev 
grigor@pnpi.spb.ru 

Petersburg Nuclear Physics Institute, NRC “Kurchatov Institute” 
Deputy Director of PNPI 

Gatchina, 188300 St-Petersburg, Russia 
Research interests: small-angle neutron and x-ray scattering, fractal 
structures, 2D and 3D artificial nanostructures, magnetic spirals and 

skyrmion lattices 

 

 

Small-Angle Neutron and X-rays Scattering 

 

For long time the small-angle x-ray scattering (SAXS) and small-angle neutron 
scattering (SANS) were the only two techniques to study nanoscale objects and 
nanostructures. The morphology of the individual nanoparticles, macromolecules and 
polymers are heavily studied by these two methods. Special efforts using SANS and 
SAXS have been applied to give inside of the living cell. In SANS studies of the 
biological systems, hydrogen can be replaced with deuterium which usually has 
minimal effect on the sample but has dramatic effects on the scattering. The 
technique of contrast variation allows one to make visible those parts of the object 
which are of interest. Many objects and processes on the nanoscale have the fractal 
nature, which is reflected in SAXS and SANS experiments as the power-law 
scattering law with arbitrary values of scattering exponents. The fractal concept 
appears to be very productive for description of the structural properties of the 
nanoobjects. The manufacturing modern oxide nanomaterials using “soft chemical” 
methods often gives examples of the fractal nano-objects. Artificial nanostructures, 
such as ordered arrays of the nanopores, are used as membranes or nano-reactors to 
produce arrays of nanowires to reach the goal of minituarization in the electronics. 
SAXS gives such characteristics as the type and the period of the structure as well as 
the degree of ordering via different components of the order parameter. Small angle 
diffraction on three-dimensional colloidal and photonic crystals becomes nowadays a 
part of the technological process for their production. In turn, SANS is routinely used 
to study the exotic magnetic textures, such as spin spirals, “skyrmion” lattices in 
magnetic materials and abrikosov flux lattice in superconductors. Thus, small angle 
x-ray and neutron scattering became the well-developed and highly-demanded 
methods in accord with needs of the modern science, technologies and industrial 
applications. 
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Wilfried Wurth 
wilfried.wurth@desy.de 

DESY/University of Hamburg 
professor/scientific head of FLASH 

Notkestr. 85, 22607 Hamburg, Germany 
Research interests: soft x-ray spectroscopy and free-electron laser 

science, ultrafast electron dynamics at surfaces and in solids, surface 
reaction dynamics 

 

Time-Resolved Photoemission 
 

Photoelectron spectroscopy is a very powerful experimental tool because it can 
provide the full information about the electronic structure of a system [1]. Angle-
resolved photoelectron spectroscopy (ARPES) with synchrotron radiation is 
nowadays the standard technique to determine the electronic band structure of 
complex solids. New instruments with efficient spin-detection at state of the art 
synchrotron radiation facilities even allow to determine the spin-resolved electronic 
structure of solids in less than an hour [2]. X-ray photoelectron spectroscopy (XPS) 
looking at core levels has proven to be an extremely valuable element specific, 
chemical state selective probe in materials science and chemistry. 

New high repetition rate accelerator-based light sources such as the free-
electron laser FLASH at DESY in Hamburg in the extreme ultraviolet (XUV) and 
soft x-ray regime and the European XFEL in Hamburg (which will start user 
operation in 2017) as well as powerful laser-based sources in the  XUV provide 
ultrashort short wavelength pulses which make it now possible to extend 
photoemission studies investigating the static electronic structure of matter to probing 
the ultrafast evolution of the electronic structure after controlled excitation in the time 
domain. 

In the lecture the new prospects for time-resolved photoemission will be 
reviewed and examples of recent applications will be given. 
 
[1] S. Hüfner, Photoelectron Spectroscopy: Principles and Applications, Springer, 

Berlin (2003) 
[2] G. Schönhense, K. Medjanik, and H.J. Elmers, Space-, time- and spin-resolved 

photoemission. Journal of Electron Spectroscopy and Related Phenomena, 200 
(2015) 94 
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Klaus Giewekemeyer 
klaus.giewekemeyer@xfel.eu 

European XFEL 
Scientist 

Holzkoppel 4, 22869 Schenefeld, Germany 
 Research interests: coherent X-ray imaging, wavefront 

reconstruction, biological structure determination using X-rays 

 

Coherent X-ray Imaging – An Overview 

 
Within the last two decades a significant number of imaging methods from the 

meso- to the nanoscale have evolved which are based on the high degree of 
coherence found at modern synchrotron and Free Electron Laser sources. In this 
contribution we will give an overview on the principles, development and 
applications of these techniques.  

Starting with required prerequisites from Fourier analysis we will give an 
introduction to the phase problem and its possible solutions, with an emphasis on 
non-interferometric methods using iterative transform algorithms. We will illustrate 
the quantitative character of Coherent X-ray Imaging by examples and discuss recent 
developments and applications. 

 
[1] D.M. Paganin, Coherent X-ray Optics, Oxford University Press, Oxford (2006) 
[2] K.A. Nugent, Coherent methods in the X-ray sciences, Adv. Phys. 59 (2010) 1 
[3] H.M. Quiney, Coherent diffractive imaging using short wavelength light sources, 

J. Mod. Optics 57 (2010) 1109 
[4] P. Thibault and V. Elser, X-ray Diffraction Microscopy, Ann. Rev. Cond. Matt. 

Phys. 1 (2010) 237 
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Kartik Ayyer 
kartik.ayyer@desy.de 

CFEL, DESY 
Postdoctoral Fellow 

Notkestrasse 85, 22607 Hamburg, Germany 
Research interests: Coherent Diffractive Imaging, 

macromolecular crystallography 
 

 

Coherent Diffractive Imaging using Imperfect Crystals 

 

Coherent diffractive imaging (CDI) is a technique used to determine the 
structure of aperiodic objects from its diffraction patterns. Due to the phase problem, 
one applies iterative algorithms to transform from these diffraction patterns to real-
space structure. Compare this to crystallography which also involves the collection of 
far-field diffraction patterns and the recording of Bragg-peak intensities, which are 
then ‘phased’ using various techniques in order to determine the structure. Though 
similar in these broad ways, the development of these two techniques has been 
separate for most of the last 15 years.  

However crystals showing a particular kind of disorder (known as rigid body 
disorder) generate diffraction patterns which require both kinds of analysis in order to 
use them optimally1. In these cases, along with Bragg peaks, one observes strong 
diffuse scattering at high spatial frequencies which can be interpreted using CDI 
techniques. This allows for the solution of protein structures to higher resolution than 
possible using crystallography alone, as well as showing the way for possibly solving 
the phase problem de novo. In addition, we will also discuss the general applicability 
and limits of such methods and possible future extensions. 

 
[1] Ayyer, Kartik, et al. Macromolecular diffractive imaging using imperfect crystals. 

Nature 530 (2016) 202-206 
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Joachim Stöhr 
stohr@stanford.edu 

SLAC National Accelerator Laboratory and Stanford University 
Professor 

2575 Sand Hill Road, Menlo Park, CA 94025, USA 
Research interests: X-ray science, magnetism 

 

Non-Linear X-Ray Science 

During the first 100 years of x-ray science all interaction processes with matter 
could be described as “one-photon-at-a-time” since all available sources, including 
the brightest synchrotron radiation sources, emitted less than one photon per 
coherence volume. With the advent of x-ray free electron lasers (XFELs), however, 
up to 1010 identical photons are simultaneously emitted, ushering in the entire new 
field of non-linear x-ray science. In this talk I will give an introduction how we need 
to modify our thinking to describe new effects that arise from coherent or 
indistinguishable photons acting together. 

I will start by discussing the meaning of the fundamental concept of coherence 
in both a classical wave and quantum mechanical photon picture, and then show how 
the description of the fundamental interaction processes of x-rays with matter, x-ray 
absorption, x-ray emission and x-ray scattering and diffraction must be changed in 
the presence of many coherent photons. I will emphasize resonant x-ray processes 
consisting of excitations of core electrons to well defined empty valence states since 
they offer the largest cross sections and provide elemental, chemical, and magnetic 
specificity.  

I will show the importance of controlling the properties of the incident x-rays, 
the intensity, the pulse length and the energy bandwidth to optimize non-linear 
effects, and give examples of completely new and counterintuitive non-linear effects 
[1-2]. More generally, I will emphasize how historically the availability of new 
sources of electromagnetic radiation has always led to important new applications. 
For example, the development of RADAR in the 1940s allowed the control of nuclear 
spin transitions in the neV range utilized in nuclear magnetic resonance, the 
development of the LASER  in the 1960s enabled the control of valence shell 
transitions in the eV range. The advent of XFELs in the new millennium can now 
extend the photon energy range into the keV range opening the door to the control of 
atomic core-to-valence x-ray transitions. 

 
[1] J. Stöhr and A. Scherz: Phys. Rev. Lett. 115 (2015) 107402;  ibid  116 (2016) 019902 
[2] B. Wu, T. Wang, C.E. Graves, D. Zhu, W.F. Schlotter, J.J. Turner, O. Hellwig, Z. Chen, H.A. 
Dürr, A. Scherz and J. Stöhr, Phys. Rev. Lett. 117 (2016) 027401 

  



 
 

23 
 

Elena N. Ovchinnikova 
ovtchin@gmail.com 

Faculty of Physics, M.V.Lomonosov Moscow State University 
Professor 

119991 Leninskie Gory, Moscow, RUSSIA 
Research interests: physics of condensed matter,  

X-ray diffraction, synchrotron radiation  

 

Resonant X-Ray Diffraction 

Resonant X-ray diffraction (RXS) has been proved to be a method sensitive to 
the various kinds of ordering in crystals: magnetic, orbital etc.  The enhancement of 
the resonant X-ray scattering amplitude near absorption edges occurs when the 
energy of the incident radiation approaches the value required to excite an inner-shell 
electron into an empty states, which  are strongly affected by various anisotropic 
factors. If the degeneration of the valence-electron states is broken down owing to 
these factors, it provides the environment-induced anisotropy of resonant scattering. 
In most cases, the contribution  of the resonant effects are rather small in comparison 
with conventional X-ray scattering. However, this contribution is anisotropic and 
strongly enhanced in the resonant regions at absorption edges of atoms, where it 
depends on the frequency and polarization of diffracting beam. Owing to this,  it is 
very helpful to observe the small effects, the so-called ‘‘forbidden’’ reflections, 
which are absent in conventional X-ray diffraction  due to symmetry elements with 
translational components.  The interference between various resonant scattering 
channels makes the energy spectra of the forbidden Bragg reflections especially 
sensitive to the details of local properties of a crystal. This lecture  presents a survey 
of recent RXS studies of  charge and orbital ordering, phase transitions,  thermal 
vibrations,  magnetic moments orientation, Dzyaloshinskii-Moriya  interaction  and  
other local properties of a substance. 
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New electron microscopy methods in material science 
The demand for the development of a wide range of new materials caused 

extraordinary leap in the progress of materials research methods. Full arsenal of new 
technologies has been used: microelectronics, including computer technologies, high-
frequency and laser physics, x-ray physics, various types of new detectors, vacuum devices 
and equipment. Such innovative solutions drastically affected scanning and transmission 
electron microscopy and microanalysis. The progress was developing not only in the 
traditional direction like improving of space resolution, but also related to the emergence of 
completely new directions, based on the use of a cryogenic and 3D microscopy, in-situ 
methods, highly effective X-ray detectors, focused ion beam and new sample preparation 
techniques.  

1. Scanning electron microscopy (SEM). The spatial resolution of the SEM was 
now less than 1 nm and that is due to improved electron sources and electron optics. Low 
voltage and environmental conditions in the specimen chamber allowed to study non-
conductive, wet and biological samples without preparation.  

2. Focused ion beam (FIB). The use of FIB opened new opportunities in 3D study 
of materials, nano prototyping and preparation of complicated samples for transmission 
electron microscopy (TEM). 

3. Transmission and scanning transmission electron microscopy (TEM and 
STEM, respectively). After the development of spherical aberration (Cs) corrector, the 
spatial resolution of TEM/STEM reached 0.05 nm and that is sufficient to obtain high-
resolution images for the most crystalline materials. The combination of Cs corrected 
atomic resolution STEM and high angle annular dark field (HAADF) detector enabled to 
get high resolution images with Z contrast and that simplify the interpretation of images of 
defects, interfaces, thin layers, even new phases, and in some cases allows 3D identification 
of crystal structure. 

4. Energy dispersive X-ray spectroscopy (EDXS). With the help of new highly 
efficient silicon drift detectors the atomic resolution elemental maps can be obtained within 
minutes and that helps with the identification of defects and new phases. 

5. Cryo TEM. This area includes several new techniques dedicated to the study of 
protein, viruses and cell structures. Cryo TEM requires a new sample preparation methods - 
freezing in amorphous ice to liquid nitrogen temperature. Highly sensitive CCD cameras 
and low electron doses of 8-20 e-/Å2, have to be used to avoid decomposition and 
devitrification of the specimen. Single particle analysis or electron tomography are used to 
reveal the structure of the object. 

These and some other topics will be presented during the lecture together with 
examples of research hold in NRC “Kurchatov Institute”. 
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STM, STS and AFM microscopies applied to nanomagnets  

Since the invention of the scanning tunneling microscope (STM) in the early 
1980’s by Binnig and Rohrer, this technique has matured far beyond simple structural 
analysis of surfaces and can rather be considered a nanoscale laboratory. Beyond 
imaging, the STM tip serves as a tool to control and alter the local environment via 
manipulation of single atoms and molecules. Using low temperatures, scanning 
tunneling spectroscopy (STS) allows for nanoscale determination of the electronic 
structure in both the occupied and unoccupied region with < 1 meV resolution. The 
use of magnetic tips enables spin-resolved measurements. Furthermore, inelastic 
tunneling spectroscopy (IETS) can be utilized to locally excite vibrations/phonons as 
well as spins/magnons. The recent development of using tuning forks adds the 
capability to combine STM and atomic force microscopy (AFM), which allows for 
measuring various forces and resolving molecules with stunning spatial resolution. 

I will give an introduction into the various ways that STM, STS and AFM can 
be used and what we can learn from these experiments, with a special focus on 
nanomagnetic systems. I will also present most recent developments that aim at 
pushing scanning probe methods to new regimes, i.e., ultra-low temperatures and 
ultra-short time resolution. 
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Magnetic X-ray microscopy: watching spins move in time and space  

To understand how spins move in time and space is the aim of both 
fundamental and applied research in modern magnetism. Research in this field has 
already brought forward technological advances that have impacted our information 
society, such as the development of high-density magnetic hard disk drives, which 
are at the foundation of today’s cloud-based data storage. At the same time, this 
research has also lead to intriguing understanding of the fundamentals of spin 
physics. Important questions still remain unanswered however, as it is experimentally 
challenging to directly observe spins and their motion with combined high spatial and 
temporal resolution. 

In this lecture, I will give you an overview of the recent advances in x-ray 
microscopy that are finally enabling us to directly watch spins move in time and 
space, at the microscopically relevant scales. I will discuss scanning x-ray 
transmission microscopy (STXM) at resonant soft x-ray edges, available at modern 
synchrotron light sources. Three characteristics of synchrotron x-rays are key to this 
technique: i) their wavelength, which allows for focusing to the nanometer scale; ii) 
their variable polarization combined with their tunable energy, which enable 
magnetic contrast via the x-ray magnetic circular dichroism (XMCD) effect at 
resonant absorption edges; iii) their intrinsic pulsed structure, which provides the 
time resolution. As illustrating examples, I will show you how the flow of spin 
currents has been detected [1], and how spin wave dynamics has been imaged [2,3,4]. 
In all these cases, this direct look has given us a picture of the physics at play that had 
remained inaccessible to other techniques. 

I will conclude the lecture by giving you a flavor of the exciting opportunities 
that lie ahead towards a further understanding of the fundamentals of spin physics, 
opportunities offered by the appearance of diffraction limited storage rings and of 
free electron lasers. 
[1] R. Kukreja, S. Bonetti, Z. Chen et al, Phys. Rev. Lett. 115 (2015) 096601 
[2] D. Backes, F. Macia, S. Bonetti et al., Phys. Rev. Lett. 115 (2015) 127205 
[3] S. Bonetti, R. Kukreja, Z. Chen et al., Nature Communications 6 (2015) 8889 
[4] S. Bonetti, R. Kukreja, Z. Chen et al., Rev. Sci. Instr. 86 (2015) 105102  
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Neutron scattering investigations of ion-conducting oxides  
 

Understanding the fundamental properties of materials of relevance for 
alternative energy technologies is crucial in addressing the global challenge of 
cleaner sources of energy. This presentation aims to demonstrate the important role 
that neutron scattering now plays in advancing the state of the art of the basic 
understanding of proton conducting materials, with a view towards their application 
in next-generation, environment friendly, fuel cells. In particular, the breadth of 
neutron scattering work on proton conducting oxides, which continue to be the most 
promising class of electrolytes for next-generation (intermediate-temperature) fuel-
cell technology, is reviewed, and the basic principles of the various neutron scattering 
methods are briefly described. Key materials properties that are specifically 
addressed include crystallographic structures, proton sites, hydrogen-bonding 
interactions, proton dynamics (from vibrational motions to localized and long-range 
diffusional processes), and the concentration of protons and other atoms in materials. 
Furthermore, the perspectives for future neutron studies within this field of research 
are discussed.  
 
[1] M. Karlsson, Dalton Trans. 42 (2013) 317-329 
[2] M. Karlsson, Phys. Chem. Chem. Phys. 17 (2015) 26-38 
[3] M. Karlsson, Neutron Scattering of Proton Conducting Ceramics, Chapter 9 in 

book Neutron Applications in Materials for Energy, Springer International 
Publishing (2015) 243-271 
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Detonation diamonds – a new carbon nanostructure 

This presentation is a review of technologies, properties and applications of 
nanodiamond produced by explosive method - detonation nanodiamonds (DND).   
The main results included in the presentation have been obtained by "nanodiamond 
team " at Ioffe Institute [1-3]. 

We will submit and discuss a new method for preparation of stable hydrosol 
consisting of 4 - 5 nm crystalline diamond crystals. We will demonstrate that the 
stable hydrosol can be transformed into hydrogel and a model of this effect will be 
discussed.   

One of the attractive features of DND is possibility for surface 
functionalization by metal ions using ion exchange, and we demonstrated a 
possibility for surface modification of DND nanoparticles by different metal ions, for 
example by ions of 3d-4f metals.  

We revealed an unusual property of DND, which consists in oriented 
attachment growth of submicron single diamond crystals from 4-5 nm grains at high 
pressure and high temperature sintering. We suggest a new method for doping of the 
diamond crystals based on this effect.  

In view of the unique combination of DND properties, it appeared reasonable 
to assume that this material would find broad application in various areas of 
technology. Production of isolated single-crystal 4 nm particles of DND opens the 
door for targeted delivery of drugs in living organisms. The rich surface chemistry of 
DND, the absence of toxic properties and their small size have given possibility to 
state that the DND a very convenient object for biomedical applications. 

The research on which the lecture is based on was supported by the Russian 
Science Foundation (grant 14-13-00795) 

 
[1] A Vul’ et al. Nanocrystalline Diamond. In: Carbon Nanomaterials, Second Edition. Ed. 

Yury Gogotsi, Volker Presser. CRC Press (2013) 
[2] Detonation nanodiamonds - Science and Technology. Ed. Alexander Vul' and Olga 

Shenderova. Pan Stanford Publishing (2014) 
[3] A.Ya.Vul’ et al. Detonation Nanodiamonds. Synthesis, Properties and Applications. In: 

“Nanodiamond”.  Ed. O. A Williams, Cardiff University, UK Royal Society of 
Chemistry (2014) 
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Modern neutron imaging techniques and applications 

The interaction of neutrons with matter enables the investigation of hidden 
material properties and their modification in a non-invasive manner. Since the 
process of neutron transmission differs principally and significantly from the more 
common X-ray imaging methods, complementary and supplementary information can 
be derived. Although neutron methods, and in particular neutron imaging ones, have 
been developed much later than that with X-rays, the state-of-the art is similar for 
both methods now (at several neutron imaging facilities).  

We will present the basics of neutron imaging from the physics point of view, 
show the main components of a neutron imaging station, mainly based on the 
experiences gained at the SINQ installations at PSI [1]. In a second part of the talk we 
highlight more advanced neutron imaging methods, including neutron tomography, 
energy selective imaging, diffractive imaging, data fusion and neutron grating 
interferometery. 

These methods enable more sophisticated investigations of material properties 
like the visualization of magnetic domain walls, the study of texture of coarse grained 
crystalline materials and the phase transition of metals during solidification. 

One important issue is the approach to highest possible spatial resolution in 
neutron imaging, demanded by several research and development projects. For this 
purpose, we initiated and performed the project “neutron microscope” with the aim to 
come close to 1 um of resolution. 

The talk will be concluded by examples of recent investigations from material 
studies and from industry related projects.        
 

[1] https://www.psi.ch/niag/beamlines 
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Bio-inspired nanocomposites learning from nature 

 
Structure of natural composite materials and methods of fabrication of 

cellulose and chitin nanofibers will be analyzed. A novel concept for creation of 
nanocomposites based on polyacrilic acid and β-chitin will be presented as well.  
Nanocomposites are not a human invention. Nature repeatedly uses such approach to 
create materials, which often contain rigid organic and inorganic substances as fillers. 
Examples of natural composites are wood and exoskeletons of arthropods. In both 
cases, matrix is a soft polymer and filler is presented by nanofibrills of 
polysaccharide with high storage modulus. Such structure gives the material hardness 
without fragility, allowing supportive and protective functions. The report reviews 
current trends in the science of nanocomposites based on natural polysaccharides. 
Structure of natural composite materials and methods for synthesis of cellulose and 
chitin nanofibers were investigated. Studies carried out allowed us to propose a new 
method for production of the synthetic composite materials with polysaccharides as 
fillers. It is known that polysaccharides can form complexes with water – hydrates, 
herewith water molecules incorporated into the crystal lattice of the polymer. 
Formation of the monohydrate is accompanied by substantial increase of lattice 
parameter b from 9.3 Å to 10.3 Å.  When complex formed, water molecule can be 
substituted by a molecule that could participate in the process of polymerization. This 
allows the use of such systems for the creation of new nanocomposites by in situ 
polymerization. We found that acrylic acid can be integrated into the crystal lattice of 
β-chitin. During the process of polymerization of acrylic acid, regularity of the 
structure along the b axis of the chitin crystal structure disappears i.e. exfoliation 
occurs. Composites synthesized reveal unique mechanical properties. 
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Optical and Luminescent VUV Spectroscopy 

 

The main processes of energy relaxation in solids following the absorption of 
high-energy photons are considered. The data that can be provided by vacuum 
ultraviolet spectroscopy are discussed. Theoretical and experimental results obtained 
by this technique on novel functional materials using synchrotron radiation are 
presented. Existing facilities are described.  
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Revealing vanished polychromy and gilding of Phoenician ivories  
Antique objects are known to have been brightly colored. However, the appearance 

of these objects has changed over time and paint traces are rarely preserved. Among the 
most beautiful ivory carvings of the 9th c. BC are considered over one hundred of figures 
and plates that have been excavated by the team of the French archaeologist François 
Thureau-Dangin in 1928 next to the Palace of Hadatu, in an annex building called ”ivory 
building” in Arslan Tash in the North of Syria. Experts recognize the pieces as ornaments of 
a magnificent wooden bed. A large number of these pieces are kept in two museum 
collections: in the Louvre museum in Paris and in the Badisches Landesmuseum Karlsruhe. 
The study of the ivory carvings from the Neo-Assyrian archaeological site of the Arslan 
Tash was initiated by Elisabeth Fontan, former curator at the Louvre museum. In this lecture 
the non-invasive imaging techniques are presented that allowed the revealing of the 
vanished polychromy and gilding of the ivory carvings from the Louvre museum in Paris 
and the Badisches Landesmuseum Karlsruhe. The surface of ivory objects from the Louvre 
museum collection have been non-invasively studied by simultaneous particle-induced X-
ray emission (PIXE) and Rutherford and elastic backscattering spectrometry (RBS/EBS) 
micro-imaging at the AGLAE facility (C2RMF, Paris). Qualitative 2D chemical images of 
elements ranging from P to Pb on the surface of the ancient ivory carvings provide evidence 
of lost polychromy and gilding. Quantitative PIXE data of specific areas allow 
discrimination between traces of sediments and former polychromy. A selection of the 
Arslan Tash ivories from the Badisches Landesmuseum (Karlsruhe) have been analyzed by 
full field x-ray fluorescence micro-imaging using synchrotron radiation (SR-FF-microXRF) 
with the Color X-ray Camera (CXC)®. 

The study demonstrates the exceptional technological skills of the Phoenician 
craftsmen supposed to have carved and decorated the Arslan Tash ivories. Hypothetical 
reconstructions of the original polychromy and gilding as well as an authentication criterion 
of ancient gilded ivory object could be proposed.  
 
[1] I. Reiche, Röntgenblick auf Kunstwerke, Physik-Journal 12 (2013) 31-37. 
[2] I. Reiche, K. Müller, M. Albéric et al., Analytical Chemistry 85 (12) (2013) 5857–5866. 
[3] I. Reiche, K. Müller, Spektrum der Wissenschaft, Nov. 2014, 60-64. 
[4] M. Albéric, K. Müller, L. Pichon et al.,  Talanta 137 (2015) 100-8.  
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Synchrotron based techniques reveal  
writing and ink composition of Herculaneum papyri 

 

We discuss the first experimental demonstration of a non-destructive technique 
that reveals the text of a carbonized and thus extremely fragile Herculaneum papyrus. 
Buried by the famous eruption of Vesuvius in 79 AD, the Herculaneum papyri 
represent a unique treasure for humanity. Overcoming the difficulties of the other 
techniques we prove that x-ray phase contrast tomography technique can detect the 
text within scrolls, thanks to the coherence and high-energy properties of a 
synchrotron source [1]. This new imaging technique represents a turning point for the 
study of literature and ancient philosophy, disclosing texts that were believed to be 
completely lost. In order to improve the imaging technique we performed also an 
extensive experimental analysis of the ink composition, using a combination of 
synchrotron techniques at the ESRF, discovering the presence of metal in the ink of 
two Herculaneum papyrus fragments and proving that metals were used in ink several 
centuries earlier than previously believed [2],[3].  
 

[1] V. Mocella et al., Nature Communications 6 (2015) 5895 
[2] P. Tack et al., Scientific Reports 6 (2016) 20763 
[3] E. Brun et al., Proc. Natl. Acad. Sci. USA, 113 (14) (2016) 3751-3754 
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Energy Storage Materials 

There is a multitude of different materials that can be used as anode and 
cathode materials for Li- and Na-based batteries. Some examples are carbon 
materials for the negative electrode and oxides for the positive electrodes. To increase 
the capacity of a Li-ion battery the positive electrode is the bottleneck, while the 
bottleneck for the Na-ion battery. For both batteries the electrolyte material is vital 
for the power capacity of the battery and for the safety. In this presentation the 
subtleties of how small changes in parameters such as synthesis conditions, particle 
morphology and size of different materials can influence the function of a battery will 
be discussed. All the material components have to be probed in a real battery context 
and to understand their true function synchrotron in situ and operando methods are 
important tools. The presentation will have a special focus on intercalation and 
insertion materials: solids that can host mobile ions such as lithium, sodium or 
magnesium but also discuss the so called SEI (Solid Electrolyte Interphase) which is 
so important for the function of Li-ion and Na-ion batteries and which is formed 
during electrochemical cycling between the negative electrode and the electrolyte. 
Synchrotron (and neutron) methods are, in general, vital for the understanding of the 
complex reactions taking place both in bulk materials and at the interfaces between 
the components in a battery. Examples of different in situ and operando studies will 
exemplify where the field of battery research is at the moment. 
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Catalysis and Energetics. Experience of the Boreskov Institute of Catalysis 

 
R&D activities of the Boreskov Institute of Catalysis (BIC, Novosibirsk, Russia) 

embrace catalysts and catalytic technologies for the production of high-quality fuels 
from the traditional fossil hydrocarbons and for processing of petroleum associated 
gases, as well as application of catalytic processes for handling problems of the future 
energetics. For example, under discussion are ecologically sound power plants based 
on catalytic burning of various (including low-calorific) fuels, synthesis of high-
quality fuel from renewable plant feedstock, as well as application of thermocatalytic 
processes for high-efficient direct conversion of atomic and concentrated solar energy 
to chemical energy. 
The following BIC’s achievements are presented: resolving the problem of quantum 
conversion of solar energy to chemical energy by creating artificial photocatalytic 
systems that reproduce the function of natural photosynthesis of plants and bacteria; 
improvement of the motor fuel efficiency in vehicles through its pre-conversion to 
synthesis gas in onboard catalytic units; efficient recuperation of low-potential heat 
through its accumulation using composite materials such as selective water sorbents. 
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Soft interfaces studied by X-rays and neutrons  

 

Soft interfaces constituted by molecular assemblies in two dimensions play key 
roles in numerous technological applications and are major components of all 
biological matter, for example in the form of biomembranes. The understanding of 
important biological or technological processes involving single (isolated) or 
interacting soft interfaces typically relies on detailed structural insight. The lecture 
will give an introduction into a number of x-ray and neutron scattering techniques 
that are uniquely suited for the structural investigation of soft interfaces at molecular 
length scales. Illustrative examples of biological and biotechnologically relevant will 
be discussed.  
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Protein crystallography – from structure to function 

 

Structural biology is one of the pillars of modern life sciences. Its rapid 
development in the past decades resulted in the explosive growth of a number of 
structures available (more than 120 thousand entries in Protein Data Bank comprising 
more than 1300 unique folds as of August 2016) and revealed details of complex 
protein structures sometimes up to atomic resolution. 

Structural information is indispensable in a number of practical applications 
ranging from drug design to tailoring and fine-tuning specific biocatalysts for various 
biotechnological applications. 

A brief historic overview will be provided with an emphasis on the milestones 
that determined progress in the structural biology research. Recent trends and 
developments in the structural studies of the macromolecules will be outlined. 
Examples of the structures from the author’s lab ranging from simple redox enzymes 
to complex nano-machines will be presented. 
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Saint Petersburg and the region 
Saint Petersburg is Russia's second-largest city after Moscow, with five million 
inhabitants (in 2012) and an important Russian port on the Baltic Sea. It is politically 
incorporated as a federal subject (a federal city). Situated on the Neva River, at the 
head of the Gulf of Finland on the Baltic Sea, it was founded by Tsar Peter the Great 
on May 27, 1703. Saint Petersburg was the imperial capital of Russia. In 1918, the 
central government bodies moved to Moscow. Saint Petersburg is the most 
Westernized city of Russia, as well as its cultural capital. It is the northernmost city in 
the world with a population of over one million. The Historic Centre of Saint 
Petersburg and Related Groups of Monuments constitute a UNESCO World Heritage 
Site. Saint Petersburg is home to the Hermitage, one of the largest art museums in the 
world.  

Saint Petersburg is a city surrounded with a numerous parks and suburb palaces of 
noble men and emperor’s family. 
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Repino 
The conference RACIRI 2016 is held in Repino – small village at the northern shore 
of Finnish Gulf named after Ilya Repin – great Russian painter, who lived there. This 
village had before 1948 name Kuokkala. Since 1870, after construction of the 
railroad from Saint Petersburg to Helsinki, this village became a popular place for a 
summer houses of a rich people. Among them also lived famous painters, poets. 
Here, in Repino lived: 

• Ilya Repin, painter and sculptor, lived in Kuokkala from the beginning of the 
20th century until his death in 1930. 

• Mikhail Botvinnik, World chess champion, was born in Kuokkala in 1911. 

• Vladimir Lenin, Russian Communist leader and founder of the USSR, lived in 
Kuokkala between 1906 and 1907. 

• Ivan Puni, avant-garde artist, was born in Kuokkala in 1894. 

• Korney Chukovsky, children's poet and philologist, lived in Kuokkala from 
1906 till 1916. 

Now Repino is again a resort village, where habitants enjoying marine breeze, pines 
and a sea shore. Since 1930-s in the old house of Ilya Repin was open very 
welcoming museum ‘Penaty’. 
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Excursions 
During the School we would like to show not only scientific infrastructure of 

PIK nuclear reactor, but the beauty of Petersburg suburbs: some of the most famous 
palaces in Pushkin and Gatchina towns. Also we would like to show Kronshtadt, the 
famous marine fortress which protects Saint Petersburg for more than three centuries. 

Our tours will take place on Thursday and Saturday.  

 

 

Kronshtadt 
Marine Cathedral 

Imperial palace 
Pushkin (Tsarskoye Selo) 
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Kronshtadt 

Kronshtadt was founded by Peter the Great, who took the island of Kotlin from 
the Swedes in 1703. The first fortifications were inaugurated on May 18, 1704. 

These fortifications, known as Kronshtadt's Forts, were constructed very 
quickly. During the winter the Gulf of Finland freezes completely. Workers used 
thousands of frames made of oak logs filled with stones. These were carried by 
horses across the frozen sea, and placed in cuttings made in the ice. Thus, several 
new small islands were created, and forts were erected on them, closing all access to 
Saint Petersburg by the sea. Only two narrow navigable channels remained, and the 
strongest forts guarded them. 

Kronshtadt was thoroughly refortified in the 19th century. The old three-decker 
forts, five in number, which formerly constituted the principal defenses of the place, 
and defied the Anglo-French fleets during the Crimean War, became of secondary 
importance. From the plans of Eduard Totleben a new fort, Constantine, and four 
batteries were constructed (1856–1871) to defend the principal approach, and seven 
batteries to cover the shallower northern channel. All these fortifications were low 
and thickly armored earthworks, powerfully armed with heavy Krupp guns in turrets. 
The town itself is surrounded with an enceinte. 
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Gatchina 

In 1708, Gatchina was given by Peter the Great to his sister Natalya 
Alexeyevna, and after her death, Peter founded an Imperial Hospital and Apothecary 
here. In 1765, it became the property of Count Orlov. Between 1766 and 1788, Count 
Orlov built a sombre castle with 600 rooms and laid out an extensive English 
landscape park over 7 square kilometers, with an adjacent zoo and a horse farm. 
A triumphal arch was erected to a design by the architect of Gatchina, Antonio 
Rinaldi (1771, built 1777–1782), forming a monumental entrance.  

Gatchina Palace was expanded several times by several imperial owners. 
Rococo interiors were designed by Rinaldi and Vincenzo Brenna and executed by 
Italian stuccoworkers and Russian craftsmen. Interiors were highlighted with 
parquetry floors, painted ceilings, and distinctly Italian furniture. Catherine the Great 
took such a great liking to the Gatchina Palace and park that at Orlov's death in 1783 
she bought Gatchina and granted it to her son, the Grand Duke Paul (the future 
Emperor Paul I). Paul I remained the owner of Gatchina for eighteen years. He 
invested many resources as well as using his experience from his travels around 
Europe to make Gatchina an exemplary town and residence. During the 1790s Paul 
expanded and rebuilt much of the palace and renovated palatial interiors in the 
sumptuous Neoclassical style (Paul graced the park with numerous additions, bridges, 
gates, and pavilions, such as "The Isle of Love", "The Private garden", "The Holland 
garden", and "The Labyrinth", among many other additions. In November 1796, 
following the death of his mother, Catherine the Great, Paul became Emperor Paul I 
of Russia, and granted Gatchina the status of the Imperial City – an official residence 
of the Russian Emperors. 

After Paul's death his widow, Maria Fyodorovna owned the grand palace and 
park from 1801 to 1828.Then Emperor Nicholas I took over ownership from 1828 to 
1855. He made the most significant expansion of the palaces and parks, adding the 
Arsenal Halls to the main palace. The Arsenal Halls served as the summer residence 
of Tsar Nicholas I and his court. In 1851, Tsar Nicholas I opened the monument to 
his father, Paul I, in front of the Gatchina Palace. In 1853 the railroad between 
St. Petersburg and Gatchina opened. Emperor Alexander II used Gatchina Palace as 
his second residence. He built a hunting village and other additions for his Imperial 
Hunting Crew and turned the areas south of Gatchina into his retreat, where the 
Emperor and his guests could indulge in living country-style among unspoiled the 
wilderness and woods of north-western Russia. Alexander II made updates and 
renovations in the Main Gatchina Palace. Emperor Alexander III after experiencing 
the shock and stress of his father's assassination, made Gatchina his prime residence. 



 
 

45 
 

The palace became known as "The Citadel of Autocracy" after the Emperor's 
reactionary policies. He lived most of his time in Gatchina Palace. During his reign, 
Alexander III introduced major technological modernization in the Gatchina Palace 
and parks, such as electric lights, telephone network, non-freezing water pipes, and a 
modern sewage system. 

Nicholas II, the last Russian Emperor, spent his youth in the Gatchina Palace. 
His mother, the Dowager Empress Maria Fyodorovna, widow of Alexander III, was 
the patron of the city of Gatchina and Gatchina Palace and parks. 
During the 1900s, Gatchina remained one of the official Imperial Residences of 
Emperor Nicholas II, who was presiding over annual military parades and 
celebrations of the Imperial Russian Army garrisons, stationed in Gatchina until 
1917. 
In May 1918, in the former imperial palace, one of the first museums in the country 
was opened "for the victorious popular masses of the Russian Revolution From 1918 
to 1941, the Gatchina Palace and parks were open to public as a national museum. 
.  

 

 
  

Imperial palace, Gatchina 
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Pushkin (Tsarskoye Selo) 

In 1708, Peter the Great gave the estate to his wife, the future Empress 
Catherine I, as a present. It was Catherine I who started to develop the place as a 
royal country residence. Her daughter, Empress Elizabeth and her architect 
Bartolomeo Rastrelli were largely responsible for the building of the Catherine 
Palace. Later Empress Catherine II of Russia and her architect Charles Cameron 
extended the palace building that is now known as the Cameron Gallery. Currently, 
there are two imperial palaces: the baroque Catherine Palace with the adjacent 
Catherine Park and the neoclassical Alexander Palace with the adjacent Alexander 
Park. The Catherine Palace is surrounded by a Garden à la française and an English 
landscape garden, with such 18th-century structures as Dutch Admiralty, Creaking 
Pagoda, Chesme Column, Rumyantsev Obelisk and Marble Bridge. The landscape 
Alexander Park has several Chinoiserie structures, notably the Chinese Village. 

 
Catherine Palace with a view of the Cameron Gallery. 

In 1811, Alexander I opened the celebrated Lyceum next door to the Catherine 
Palace. Among the first students of the Lyceum who graduated in 1817 were 
Aleksandr Pushkin and Alexander Gorchakov. Mikhail Saltykov-Shchedrin also 
graduated from the Lyceum. The Lyceum garden, the house of the Lycee Director, 
the house of Ludwig-Wilhelm Tepper de Ferguson, Lyceum music teacher belong to 
important historic sites associated with the Lyceum of Pushkin's time. 

The literary traditions of Tsarskoye Selo were continued in the 20th century by 
such notable poets as Anna Akhmatova and Innokenty Annensky. 

The town escaped the 19th century industrialization, although it was between 
Tsarskoye Selo and St. Petersburg that the first Russian railway was built in 1837, 
Tsarskoye Selo Railway. It was also known for its powerful government radio station 
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that was set up here in 1917. In the spring of 1917, Emperor Nicholas II was held 
under arrest in his favourite residence, the Alexander Palace. 

In 1918, Tsarskoye Selo (Tsar's Village) was renamed into Detskoye Selo 
(Children's Village) and in 1937 it was renamed again to the town of Pushkin, thus 
commemorating the centenary of the poet's death. 

On September 17, 1941, the nazi troops occupied the town of Pushkin, 
destroying and plundering many historical monuments, buildings and other cultural 
artifacts, including the famous Amber Room. The Red Army liberated the town on 
January 24, 1944. After the war, reconstruction began on Tsarskoye Selo; many 
rooms in the Catherine Palace have been restored, but much work on the palatial 
church and the Alexander Palace is still under way. 
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