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SCIENCE IN 20t CENTURY.
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From simplicity to com



Goal: Penetration into the matter
(physics of nucleus and

elementary particles)

Large-scale
facilities

for small groups
of experts




Goal: Synthesis of organic and inorganic
materials with given properties

e Atomic and molecular
architecture

* Adequate
characterization of
structure and properties




Methodology:
Interdisciplinary approach

Large-scale facilities
used In different disciplines

* Neutron sources
* Synchrotron radiation
sources




CRYSTALLOGRAPHY
e

e Growth
® Structure

I * Properties




Inorganic Organic

° ATOMIC and MOLECULAR DESIGN

MOLECULAR LANGMUIR-
BEAM BLODGETT
EPITAXY METHOD

SELF-ORGANIZATION

STRUCHURES ALIVE
WITH NATURE
QUANTUM DOTS OBJECHES







TYPES OF MULTILAY=R ORGANIC
NANOSTRUCTURES
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HaHOCTpPYKTYypbI C pa3fiMiyHbIM YepeaoBaHUEM CNIOeB U
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3'd generation of
synchrotron sources

2"d generation of
synchrotron sources

1%t generation of
synchrotron sources

X-ray tubes
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ELECTROMAGNETIC SPECTRUM
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Synchrotron Radiation Sour ces




SCHEME OF SOURCE OF
SYNCHROTRON RADIATION

electron linear electron positron linear positron
acceler ator tar get accelerator

/synchrotron

booster




MAGNETIC SYSTEMS FOR GENERATION
OF SYNCHROTRON RADIATION
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STRUCTURE OF
SYNCHROTRON RADIATION




SYNCHROTRON RADIATION
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SYNCHROTRON RADIATION.
ADVANTAGES

[High brillianc {brilliance of con
|Sources
| polarization v

Polarization
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Science

Synchrotron .
Radiation Biotech-
nology

Archaeology

Earth
Sciences

HgSe, 2,5 Gpa




SYNCHROTRON RADIATION.
EIELDS OF RESEARCH




SYNCHROTRON RADIATION.
EIELDS OF RESEARCH

® Continuous
spectrum within
arge wavelength

®* Anomalous dispersion
(scattering near
absorption edges)

® X-ray spectroscopy
near absorption edges
of various chemical
elements

®*High-energy X-ray
radiation (E>100 keV)




SYNCHROTRON RADIATION.
EIELDS OF RESEARCH

® Study of small samples
(103 - 10> um?)

® Study of weakly scattering
objects (surfaces, interfaces,
thin films)

® | ocalization of atoms

® Study of bulky and strongly
absorptive samples

® Diffraction study of imperfect
crystals (diffraction at © =7172)

® Short exposures

® Experiments in real time
(kinetics of processes)




SYNCHROTRON RADIATION.
EIELDS OF RESEARCH

®*High-resolution X-ray
diffraction methods

®Interference
phenomena
(interferometers,
waveguides, etc.)

® Fluorescence
analysis

*Phase-sensitive
methods and X-ray
holography




SYNCHROTRON RADIATION.
EIELDS OF RESEARCH

® Stroboscopy
(study of fast an
periodic
processes)

®In situ study of
processes




SYNCHROTRON RADIATION.
EIELDS OF RESEARCH

gh collimation

> structure

" High polarization ®Study of magnetic
structure
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Ly

Linear accelerator

ons are accelerated to an energy of 100 MeV
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Small storage ring SIBERIA-1

T

Ly

» Thediameter is3m
~ » Thesourceof SR in
YAR! theVUV and

SNl soft X-ray ranges
BN > Electronsare

2 accelerated to

S 450 MeV

» 3 experimental
stations

Rbooster synchrotron injector for Siberia-2
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Ly

Large storage ring SIBERIA-2

» Thediameter iIs40m

» The source of X-ray range of
wavelengths

» Electrons are accelerated to 2.5 GeV

» 39 pointsfor beamlines
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EXPERIMENTAL STATIONS

X-ray gq % LIGA |
Movie

Ly
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HPXO
station for high-precision
X-ray optics




STATION FOR HIGH-PRECISION K 6.6
X-RAY OPTICS HPXO

111
A

e

H,O

L1, W2 — slit systems
M1, M2 — crystals-monochromators
OMN — SR data-unit

MK1, MK2 — monitoring chambers
B® — filter system

OB - specimen

A — crystal-analyzer

L - detector

W, 20, ¢, X — axes of multi-circle goniometer




STATION FOR HIGH-PRECISION {61
X-RAY OPTICS HPXO

Slit systems




STATION FOR HIGH-PRECISION {61
X-RAY OPTICS HPXO

Monitoring
chambers




STATION FOR HIGH-PRECISION {61
X-RAY OPTICS HPXO

i Double-crystal
g % g Mmonochromator
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STATION FOR HIGH-PRECISION {61
X-RAY OPTICS HPXO

SR data unit




STATION FOR HIGH-PRECISION {61
X-RAY OPTICS HPXO

Filter system




STATION FOR HIGH-PRECISION {61
X-RAY OPTICS HPXO

Slit system




STATION FOR HIGH-PRECISION {61
X-RAY OPTICS HPXO

Multi-circle
goniometer




STATION FOR HIGH-PRECISION 16

X-RAY OPTICS HPXO

High-precision
one-circle torsion
goniometer




STATION FOR HIGH-PRECISION 16

X-RAY OPTICS HPXO




INTERACTION OF A-RAYS WITH CONDENSED MATTER

____MAIN FEATURES SPECTROSCOPY

spcomdary AN
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* Scattering on €electrons N L (elastio g/

» Big penetration depth .. -
* Absorption — photoeffect T oy

Reflection index < 1

1L PROBLEMS
TOTAL EXTERNAL
REFLECTION Separ ation of weak surface signal on the high

X-ray scattering back-ground from the bulk

Wave length (A\) —crystal Weak signal measurement: ultrathin layer, very
|lattice parameter mall scattering volume, small amount of atoms

ge

DIEFRACTION Combination of spectroscopy and diffraction




LOCALIZATION OF ATOMS IN ORGANIC
LAYERS ON SOLID SUSSTRATES

Where are Pb2+?

t
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Organic Langmuir-Blodgett filns: Angular dependence
(8 monolayers of stearic acid on PbL, — fluorescence at different
Si — substrate) + PbSt, bilayer distributions of Pb?*
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LOCALIZATION OF ATOMS IN MONOLAYER
ON Trlz2 SURFACE OF A LIQUID

Fluorescence yield (arb. units)

X-ray reflection

—— Phthalocyanine
Ang’le 0 (mrad) | (DPPC)
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EXPERIMENTAL STATIONS

oui js % LIGA
Movie

Ly

(; station for protein
_Langmuir UHV  crystallography




STATION FOR $EAE
PROTEIN CRYSTALLOGRAPHY PC

W1, W2, W3 — slit systems
M1, M2 — crystals-monochromators

AOni, AN2 — SR data-units with video cameras
C3 —focusing mirror; B® — filter system

MK1, MK2 — monitoring chambers

K - collimator; CKO — adjustment base

HTY — low-temperature device

OB - specimen; Mic — microscope with video camera
I — detector image-plate; ¢ - one-circle goniometer Mic




STATION FOR Kdde

PROTEIN CRYSTALLOGRAPHY PC




APPLICATION OF SYNCHROTRON RADIATION

Carnation Mottle Virus
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EXPERIMENTAL STATIONS

X-ray jg % LIGA |
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K4.6

STATION FOR X-RAY CRYSTALLOGRAPHY
AND MATERIAL SCIENCE XCMS

L1, W2, - slit systems IR ®.
M1, M2, M3 — crystals-monochromators OB ®, OB2 ’
OM — SR data unit

MK1, MK2 — monitoring chamber; OB - specimen

01, 2 - detectors

W, Wy, Wy, 204, 20, — axes of goniometer




K4.6

STATION FOR X-RAY CRYSTALLOGRAPHY
AND MATERIAL SCIENCE XCMS
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EXPERIMENTAL STATIONS

X-ray js % LIGA |
Movie

Ly

MEDIANA
station for multi-purpose
medical applications




STATION FOR MULTI-PURPOSE K4.3
MEDICAL APPLICATIONS MEDIANA
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EXPERIMENTAL STATIONS

LIGA
X-ra
Movn)é gq »CD station of deep j|

X -ray lithograph
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STATION FOR DEEP X-RAY K6.3

LITHOGRAPHY LIGA




LIGA - TECHNOLOGY

1. Irradiation 2. Development
Synchrotron irradiation
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Metal
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|y base plate

5. Mould filling 6. Mould release
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EXPERIMENTAL STATIONS

XCD LIGA |

P S
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HALL FOR VUV STUDIES
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APPLICATION OF SYNCHROTRON RADIATION
FLUORESCENCE ANALYSIS

F uorescent o)

Intensity

distributions

from the cross

section of a

human hair:

a) optical (d)
micrograph

b) sulphur

¢) potassium

d) copper

e) Zzinc

.
.



