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Laboratory X-ray diffraction tools

A Single crystal diffraction
A Powder diffraction

A Scattering from surface
A SAXS




SYNCHROTRON diffraction instruments










4 diffraction techniques in one device: BMO1 beamline of SNBL at ESRF

1. Single crystal diffraction
Bragg data acquisition
Diffuse scattering
Reciprocal space mapping

2. Powder diffraction
High resolution to high intensity modes
Time-resolved diffraction

3. Small-angle scattering
Scattering on inhomogeneities
Diffraction at small angles

4. Surface scattering
Grazing incidence
In-depth scanning
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All 4 techniques can be used separately or in a combination, also with a
variety of in-situ and operando regimes



diffraction and crystallography

Single crystal and Powder diffraction
Charge density and ADPs analysis, diffuse scattering. Tunable energy
and high-resolution diffraction.

Grazing-Incidence-Wide-Angle-Scattering-(GIWAX):
Epitaxial and polycrystalline films, mapping, texture analysis

Small-Angle Scattering in transmission or grazing geometry

Equipment:

Dual Dectris Pilatus 2M detectors
Huber Kappa, micro-kappa goniometers
In situ Raman

Cryocool He Blower: 5-180 K
He Flow Cryostat: 5-300K
Cryostream N2 blower: 80-500K
High speed furnace: 25-1300C

Gas pressure system: 0 - 100 bars
Hydraulic pressure system: 0 -1000 bars
DACS 1-15 GPa

Electric field single crystal and thin film cells
Electrochemical battery cells.

To o Do oo  To Do Do o Io Do Do




Furnaces
/

Cryostat

Helix
Cryostream—
Diamond
/ — anvil cell
Cryocoolei_He \
Hydraulic
pressure

Q>

Static Cell

Flow cell




Intensity as a function of

scattering vector,

data

BMO1 Scattering
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Figure 4. Number of publications in sustainable energy-related research on the experimental
stations with at least 8 publications.
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Examples of research



diffraction in the pressure range 1-1000 bars

L3 uz2 Hnann o0k NJ 6n ®H A Designed for variable

attainable temperature power
pressures diffraction
In DACs APhase space mapping

ATypical max Q range 1:
Al(d =0.528), BMO1

A Pressures up to 1000
bar

AVery fine pressure
control,ca.1 bar

A Compress in any liquid

A Temperature range 232
to 670 K {42 to 400 C)

A Automated
temperature control

A Automated pressure

Industrially relevant and accessible
pressures

A Haber process, 250 bar

A Coal liquefaction, 700 bar

Life on earth
A Mariana Trench 11 km deep, 1086
bar

Fields of growing interest
A Energy storage
A Barocaloric refrigerants control
A Pharmaceutical polymorph control AModular to include

A Soft porous materials (MOFs, COFg}ryostream 232 to Hiah speed furnace 20 to 1100 C other techniques such
400 K at sample 9n sp as Raman




Barocalorics In action

The barocaloric effect is related to latent heat coupled to discontinuous 15t order phase transition,
induced by compressing and decompressing.

NH,|
Increasing T

—

Increasing P L

—

OGant bar oc al ora'
S mab<l J/K kg




p (bar)

Isotherms 290K

A pattern every 10 bar

Compression Decompression Intensity (a.u.)

i 1.000

— 0.8750

100
200

300 - 0.7500

400
- 0.6250

500
- 0.5000
600

— 0.3750
700

500 — 0.2500

— 0.1250

. 0.000

900

1000




In-situ diffraction and thermodynamics
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Lattice parameters and volume as a
function of pressure and temperature
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Volumetric entropy changes

(nSy), which is present in all
BC materials
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In-situ diffraction is highly complementary to DSC
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A Fast mapping of p-T phase diagrams

A Thermodynamics from diffraction data

A Microscopic scenario of phase transformations from structural analysis
A Cycling measurements and evaluation of stability and degradation
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diffraction with electrochemical operando cell

Outer current

Metal washer Cathode/
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Exploded view and photo of the novel operando electrochemical cell.

research papers

Inner current Single crystal
collector sapphire X-ray
Non-conductive spacer windo

o Data acquisition time: 0.1 -30 sec
Change/discharge cycle: %2 h 1 few hours
Number of operando cells under test : 1-6
Size of 1 raw file from Pilatus2M i 2.2 Mb

JOURNAL OF
SYNCHROTRON
RADIATION

Received 26 October 2017
Acceoted 5 December 2017

An electrochemical cell with sapphire windows for
operando synchrotron X-ray powder diffraction and
spectroscopy studies of high-power and high-
voltage electrodes for metal-ion batteries

Oleg A. Drozhzhin,™"* Ivan V. Tereshchenko,™® Hermann Emerich,‘
Evgeny V. Antipov,* Artem M. Abakumov” and Dmitry Chernyshov*

For 6 sec/6 hours/6 cells, the raw data are:

47520 Mb ~0.5Tb
Perday >1Thb




Relaxation i a secret life of Lithium in disconnected batterv»
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. Active Materials
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Kinetics of the Relaxation
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Relaxation i replica-exchange molecular dynamics simulations
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iCos- Dl = A A composition of LiC,,, representing the LiC,, phase
STy £ with some additional Li ions
2 |UCeB/ N\ A Relaxation corresponds to the re-arrangement of Li
| L 1 1 ] 1 1 1 1
‘ 15T 80790 lons, from a uniform disorder to an ordered clustering
o -1
A ) : : :
Ordered Qita ) AThis relaxation |inked to a

forces: (1) the attractive van der Waals interactions

between graphite interlayers in AB stacking keep the
i gy < planes free of Li ions, and (2) the repulsive interactions
between Li ions keep them as far apart as possible within
the same gallery. 0

Interlayer compression/sliding {}E{)strong > weak
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iThese results are si 'gni fi cant f or
materials that involves interruption of the electrochemistry.

Understanding the kinetics of relaxation and the underlying structural
changes on the atomic level should be a basic guideline for interpreting
structural data collected after interruptions of cycling, parametrization of

GI TT, and design of battery cycling
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Diffuse Scattering and correlated disorder

'\\ IUC

International Unio
of Crystallograph

A solid is a crystal if it has essentially a sharp
diffraction pattern. The word essentially means
that most of the intensity of the diffraction is
concentrated in relatively sharp Bragg peaks,
besides the always present diffuse scattering.



Diffuse Scattering and Crystallography of Disorder: where are

we now?
Diffuse Scattering Disordered Disordered Ordered
local structure Average structure local structure
A Scattering between Bragg peaks _sssseassie.
A Arises from correlated local — D g ~

deviations from the average structure

A Contains information on shorange
order

How to deal with

A A reatspace modelling of disordered
structure (e.g. MC realizations)

A Pair Distribution Function (e.g. 3D
deltaPDF, Patterson approach)

Case to case analysis, time consuming, very few expem®& need new tools



