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Laboratory X-ray diffraction tools

2

Å Single crystal diffraction
Å Powder diffraction
Å Scattering from surface
Å SAXS



SYNCHROTRON diffraction instruments
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A lot of room between laboratory and 

synchrotron devices



4 diffraction techniques in one device: BM01 beamline of SNBL at ESRF

All 4 techniques can be used separately or in a combination, also with a 

variety of in-situ and operando regimes

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  



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-(GlWAX): 

Epitaxial and polycrystalline films, mapping, texture analysis 

Small-Angle Scattering in transmission or grazing geometry

Equipment: 

Å Dual Dectris Pilatus 2M  detectors

Å Huber Kappa, micro-kappa goniometers 

Å In situ Raman 

Å Cryocool He Blower: 5-180 K 

Å He Flow Cryostat: 5-300K 

Å Cryostream N2 blower: 80-500K

Å High speed furnace: 25-1300C 

Å Gas pressure system: 0 - 100 bars 

Å Hydraulic pressure system: 0 -1000 bars 

Å DACS 1-15 GPa

Å Electric field single crystal and thin film cells 

Å Electrochemical battery cells.
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BM01 Scattering data
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Å Friendly complex experiments ςsequencing of 
actions, control of external conditions, fast 
visualization of the data

Å Quality of data ςgood for the most advanced 
quantitative crystallographic analysis

Å Software for data processing and analysis ςeasy, 
friendly, and free for users; optimising the path from 
data to results. 

soft.snbl.eu



ESRF cross cutting review on Sustainable energy generation and storage technologies (2022) 



Examples of research



diffraction in the pressure range 1-1000 bars

¦Ǉ ǘƻ нллл ōŀǊ όлΦн Dtŀύ Ғ ƭƻǿŜǎǘ 
attainable 
pressures 
in DACs

Industrially relevant and accessible 
pressures
Å Haber process, 250 bar
Å Coal liquefaction, 700 bar

Life on earth
Å Mariana Trench 11 km deep, 1086 

bar

Fields of growing interest
Å Energy storage 
Å Barocaloric refrigerants 
Å Pharmaceutical polymorph control 
Å Soft porous materials (MOFs, COFs)

ÅDesigned for variable 
temperature power 
diffraction
ÅPhase space mapping 
ÅTypical max Q range 12 

Å-1 (d = 0.52 Å), BM01
ÅPressures up to 1000 

bar
ÅVery fine pressure 

control, ca.1 bar 
ÅCompress in any liquid 
ÅTemperature range 232 

to 670 K (-42 to 400 C) 
ÅAutomated 

temperature control
ÅAutomated pressure 

control
ÅModular to include 

other techniques such 
as Raman  

Cryostream 232 to 
400 K at sample 

High speed furnace 20 to 1100 C 



Barocalorics in action

NH4I

Fm-3mPm-3m

Increasing T

Increasing P

óGiant barocaloric effectô

ȹSmaxḐ71 J/K kg

The barocaloric effect is related to latent heat coupled to discontinuous 1st order phase transition, 

induced by compressing and decompressing.



isotherms 290K 

ŭ- phase

ŭ- phase

ɔ- phase

ɔ- phase

Compression Decompression 

A pattern every 10 bar 
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In-situ diffraction and thermodynamics



Volumetric entropy changes 
(ɲSv), which is present in all 
BC materials

ɲ{VҐ όʰκˁύϊɲ±tr
ʰΣ ƛǎƻōŀǊƛŎ ǘƘŜǊƳŀƭ ŜȄǇŀƴǎƛǾƛǘȅ όǎƭƻǇŜ ŦǊƻƳ ± Ǿǎ ¢ Řŀǘŀύ
ˁΣ ƛǎƻǘƘŜǊƳŀƭ ŎƻƳǇǊŜǎǎƛōƛƭƛǘȅ όǎƭƻǇŜ ŦǊƻƳ ± Ǿǎ t Řŀǘŀύ
ɲ±tr specific volume change of the transition

Lattice parameters and volume as a 
function of pressure and temperature

Comparethe total entropy change(obtainedby DSC)to volumetric entropy changes(ɲSv)
to determinatethe additional contributions to entropy change, suchasentropy changes
relatedwith conformationor order-disorderprocess.

ɲ{VҐ όʰκˁύϊɲ±tr
ʰ Υ мрΦн aY-1 (V vs T data ̡ - phase)
ˁ Υ 27.04TPa-1 (V vs P data ̡ - phase)
ɲ±tr:: 5.66E-5 m3/kg  specific volume 
change of the phase transition

ɲ{V =  31.81 J/kg K

ɲ{ ǘƻǘŀƭ Ґ 71 J/kg K (DSC)
ɲ{ ǘƻǘŀƭ Ґ 68 J/kg K (p-T)

~45 % of total entropy change is due to 
volumetric entropy change



In-situ diffraction is highly complementary to DSC 

measurements

ÅFast mapping of p-T phase diagrams

ÅThermodynamics from diffraction data

ÅMicroscopic scenario of phase transformations from structural analysis

ÅCycling measurements and evaluation of stability and degradation



Selected as a 2024 ESRF Highlight publication 

Julian Walker 

Juan Manuel 
Bermúdez García
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SNBL



diffraction with electrochemical operando cell
Data acquisition time: 0.1 -30 sec

Change/discharge cycle: ½ h ïfew hours

Number of operando cells under test : 1-6

Size of 1 raw file from Pilatus2M ï2.2 Mb

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

47520 Mb ~ 0.5 Tb
Per day > 1 Tb



Relaxation ïa secret life of  Lithium in disconnected battery

Lithiation starts, LiC30 is forming and evolving

LiC30 -> LiC18

Relaxation, battery is disconnected



Kinetics of the Relaxation  from diffraction lines ïfew stages

(a) Normalized intensities of 
the (002) reflection of LiC18

(b) normalized peak 
positions of the (002) and 
(101) reflections of LiC30.

The SharpҍHancock 

plots for (a) the intensity 

changes in the (002)

of LiC18, and (b) the 

positional changes of the 

(002) and (101) 

reflections during the 

relaxation of LiC30



Relaxation ïreplica-exchange molecular dynamics simulations

Å A composition of LiC24, representing the LiC30 phase 

with some additional Li ions

Å Relaxation corresponds to the re-arrangement of Li 

ions, from a uniform disorder to an ordered clustering

ñThis relaxation linked to a competition between two 

forces: (1) the attractive van der Waals interactions 

between graphite interlayers in AB stacking keep the 

planes free of Li ions, and (2) the repulsive interactions 

between Li ions keep them as far apart as possible within 

the same gallery. ò



ñThese results are significant for any kind of analysis or testing of battery 

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 

GITT, and design of battery cycling protocols.ò



Diffuse Scattering and correlated disorder

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

ÅScattering between Bragg peaks

ÅArises from correlated local 
deviations from the average structure

ÅContains information on short-range 
order

How to deal with

ÅA real-space modelling of disordered 
structure (e.g. MC realizations)

ÅPair Distribution Function (e.g. 3D-
deltaPDF, Patterson approach) 

Diffuse Scattering and Crystallography of Disorder: where are 
we now?

Case to case analysis, time consuming, very few experts ςwe need new tools


