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NanEDaimsto train a new generation of younq electron crystallographersthat will transform
3D EDto a stable, standardized,widely recognizedand widely applied method that can be
easilyimplementedandusedin anycrystallographyab.

Atotal of 15 PhDstudents




Dayl t+ Getting Together

0915 10:15 Mauro Gemmi (IIT): Project overview

10:15t 10:30 Giulia Zunino (lIT): Administrative cookbook
&

11:00¢ 11:30Philippe Boullay (CNRS): Training and secondment.
11:30¢ 12:30 ESR presentation

12:30t 13:00Hongyi Xu (SU): Communication and dissemination strategy

the /_\
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—< BREAK

14:30¢4 15:30Partner Presentation

ESR meeting
15:30¢4 16:30

Consortium meeting

16:30-17:00 Summary of Day1 ; Q&A timeo ..




Day2 1+ Scientific Overview

09:00t 9:45 Mauro Gemmi (IIT): WP1+¢ 3D ED techniques
9:45t10:30 Xiaodong Zou (SU): Serial 3D ED

&

10:45t 11:30 Lukas Palatinus (FZU): WP3 ¢ Precise electron crystallography
11:30-12.15 JokeHadermann (UA): In-situ 3D ED
12:1513:00 Ute Kolb (JGU):3D ED on defective materials
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14:00¢ 14:45JanPieter Abrahams (UBA): WP2¢ 3D ED on macromolecules
14:45¢ 15:30Hongyi Xu (SU): Structure -based drug discovery by 3D ED

» 15:30% 16:15 Ute Kaiser (UULM) : WP4 ¢ Electron crystallography of 2D materials

16:45¢ 17:30 Philippe Boullay (CNRS): 3D ED on nanomaterials i

17:30- 1815 Cheuk-Wai Tai (SU): Electron PDF studies (:!:ﬁ




Whatis all about?

The crystallographic
problem

Natural orsynthetic
unknowncrystal

Near = ED
Havinga minimalknowledge:

Tentativechemicalcomposition
Maybewe havethe moleculeX ®© ®




3D ED

EDX

e-beam detector

fa

Medipix

detector




ScientificObjectives

The techniqe Nz = ED Thematerlals




The technique

SELECT [EST ANALYZE

This is what will give expertises to our student to spend
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Thematerials

CEEE . R A R S T

Canwe phaseab-initio 3D ED omroteins?

VERWERY
CHALLENGING !

Canwe usepeculiarityof 3D ED taletectchargestates?

Can we use imaging for phasing?




Thematerials

Embedded

Nanoparticles

SRR

2D Materials
Thinfilms M-inimu.m crystalsize ? EPDE
Diffraction with nanobeams

Amorphous

Unconventionabamples

Are smallcrystalsthe sameasbulk?




Projectscientificimplementation
Workpackages

[ WP1 Beam and vacuum sensitive materi}ls [WPZ Electron crystallography for life scie}ce

T UBA

©

WP3 Accurate crystallography of comple /V@//L o l‘a]) WP4 Crystallography beyond nanocrystals
nanomaterials

= FzU UULM

.....




[ WP1 Beam and vacuum sensitive materi%xls”

WP1 aims at theetingup of sample preparation, data acquisition and data
reduction strategies for an efficient structuoharacterisatiorof beam and
vacuum sensitive materials.

C Fast and low dose datallection
C Fastcrystalsearchstrategies
C Special strategies of sampdeeparationto protect beamand

vacuum sensitive samples

&

<»

LD




WP2 Electron crystallography for life science
UBA

WQR2 is devoted to the developmentof both the experimentalproceduresand

ab-initio structure solution methods for the investigation of macromolecular
nanocrystals

WP3 Accurate crystallography of comple
nanomaterials EZU

In WP3 accuracyand precisionof structure refinementwill be pushedin order to
be fully comparablewith x-ray diffraction methods

WP4 Crystallography beyond nanocrystals
y grapny bey y UULM

WHR aimsto expandthe applicabilityof 3D EDto complexnanomaterialsthat
cannotbe consideredoroperlycrystalline




ManagementVorkpackages

WP5 ESR networking and training activit
CNRS

WP is devoted to organize, coordinate, control and supervisethe network
training activities

WP6 Dissemination, communication an
exploitation sSuU

WPR6 aims to ensurethe proper communicationand disseminationof project
outcomesto different target audiencesand to guaranteeappropriate protection
measuredo ensureexploitation

[ WP7 Project management J -

WP7 aimsto ensurean efficient project executionleadingto the achievementof
b I y 90bj€raves
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The team
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Johannes Gutenberg Universitat Mainz
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Universitat Basel

CNRS

Centre National de la Recherche Scientifique

University

SuU

Stockholms Universitet
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ULM

Universitat Ulm

A
FZU

Fyzikalni Gstav Akademie
véd Ceské republiky

FzZU

Fyzikalni Gstav AVCR

Universiteit
Antwerpen

UA

Universiteit Antwerpen



The team

3 {

Mauro Gemmi Jan Pieter Abrahams Philippe Boullay Xiaodong Zou Joke Hadermann

Project Coordinator and WP1/7 WP2 leader WP5 leader WPG leader
leader

Ute Kaiser Ute Kolb Lukas Palatinus Cheuk-Wai Tai Hongyi Xu
WP4 Leader




Xiaodong Zou & s,
She is a pioneer of the structure solution using electron data“%% P

Electron Crystallography
of Inorganic Structures
- Theory and Practice -
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. ¢ Stockholm University
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University




Hongyi Xu
SCIENCE ADVANCES | RESEARCH ARTICLE

Ser235-Gly249

STRUCTURAL BIOLOGY
Solving a new R2lox protein structure by microcrystal

electron diffraction

Hongyi Xu'*', Hugo Lebrette?!, Max T. B. Clabbers'’, Jingjing Zhao', Julia J. Griese?3,
Xiaodong Zou'#, Martin Hogbom?*
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Stockholm
University




CheukWal Tal <& s,
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CALIBRATION

[BACKGROUND SUB

g(r)

CORRECT $(Q)

FILTER HF-NOISE
05

INORMALIZE PDFS
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SRR

0 1 2 3 4 5 6 7 8 o el o, [PORDI, SIS/, SN TP [N, 18 ¢
il A) Number densty derived from diffraction data: 0.092974 (A%
Number densty nput: 0.096 (A*(-3))
Number densty back-FT deviation. 5.9265%
POFs normakzed. LFSHF-nose us?ﬁ;m. 21377%

< \Kinematical ED ring reconstructed, cut at 80073AN-1)...  ~
Save all... Pair Distribution Functions G(r)/ g(r)  ~ Switch to G(r) s & !

Fitered data to be saved | Datamspector | Save Log ‘
% JOURNAL OF SUePDF: a program to obtain quantitative pair
z APPLIED distribution functions from electron diffraction data
> CRYSTALLOGRAPHY

ISSN 1600-5767

Dung Trung Tran,*+ Gunnar Svensson and Cheuk-Wai Tai*




University
of Antwerp

J (@) ke H ad [2YH28Fz18] # ELECTRON MICROSCOPY FOR MATERIALS SCIENCE

Aboutus Research  Cooperation with Industry  News and activities  Contact

EMAT i

One of the leading electron microscopy centers in
the world
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Nl \NO ETTERS & Cite This: Nano Lett 2018, 18, 6286-6291 pubs.acs.org/NanoLett

In Situ Electron Diffraction Tomography Using a Liquid-
Electrochemical Transmission Electron Microscopy Cell for Crystal
Structure Determination of Cathode Materials for Li-lon batteries

Olesia M. Karakulina,Jr Arnaud Demortiére,*’i’§ Walid D:n::hraoui,§ Artem M. Abakumov,”
and Joke Hadermann®'"
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PhilippeBoullay

)

CIIs

Artlcle

Inorganic Chemistry

Precession Electron Diffraction Tomography for Solving Complex
Modulated Structures: the Case of BisNb;O,;

Philippe Boullay,*’Jr Lukas Palatinus,” and Nicolas Barrier'

JOURNAL OF Precession electron diffraction tomography on

APPLIED twinned crystals: application to CaTiO5 thin films
CRYSTALLOGRAPHY

ISSN 1600-5767

Gwladys Steciuk,®® Adrian David,* Vaclav Petricek,® Lukas Palatinus,® Bernard
Mercey,” Wilfrid Prellier,” Alain Pautrat® and Philippe Boullay™

Nl \NO E T T E R S & Cite This: Nano Lett. 2017, 17, 6575-6582 pubs.acs.org/NanoLett

Novel Layered Supercell Structure from Bi,AIMnOq4 for
Multifunctionalities

Leigang Ll,1r¢ Ph]llppe Boullay, ng Lu,‘I Xue]mg Wang, Jie Jlan, Jijie Huang, Xingyao Gao,
Shikhar Mlsra, Wenrul Zhang, Olivier Perez, Gwladys Stecmk Aiping Chen,‘J‘ Xinghang Zhang,
and Haiyan Wang




AL Lukas Palatinus
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9@ Pets 2.0 [C:\Users\mgemmi\OneDrive - Fondazione Istituto Italiano Tecnologia\PREVIOUS\Documents\RICERCA\Iryna\Arciniegas\TMA\renamed\Copia_09Gemmi.pts] - X

File Edit View

vaiuc
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Help

Peak search
Rotation axis
Peak analysis
Find unit cell and orientation matrix
Process frames for integration
Optimize geometry and integration parameters
Finalize integration
Generate a 3D map

Reciprocal-space sections

Write check files

N, Institute of Physics
o of the Czech
’ Academy of Sclences

Li.2i/Uy DLULE L1.£91c1

Final values of the parameter:
Optimized omega: 17.562

Finished reading

Image data Sectionimages Graph Cylindric projection

@l yana2006
File EditView Run Wizards Parameters Tools

1554 peaks from the file Copia_09Gemm

i

SetCommands

Structure: C:\Data\EDT\Iryna\symmetry\jana\prova4

FZU

Fyzikalni ustav Akademie
véd Ceské republiky

EditM50 Edit atoms Edit profile

@

Structure solution Fourier Contour
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Matrix calculator

Plot structure



She is directing thS ALV kroject forlow-

voltage aberratiorcorrected electron
microscope enabling suAngstrom resolution
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Acta Crystallographica Section D
Biological
Crystallography

ISSN 0907-4449

Igor Nederlof, Eric van
Genderen, Yao-Wang Li and
Jan Pieter Abrahams*

Jan Pieter Abrahams 3¢

> ¢ Universitat
XN Basel

A Medipix quantum area detector allows rotation
electron diffraction data collection from
submicrometre three-dimensional protein crystals

When protein crystals are submicrometre-sized, X-ray Received 18 April 2012
Accepted 9 April 2013

radiation damage precludes conventional diffraction data
collection. For crystals that are of the order of 100 nm in size,
at best only single-shot diffraction patterns can be collected




Ute Kolb

Ultramicroscopy 109 (2009) 758-765

Available online at www.sciencedirect.com

ScienceDirect ultramicroscopy

ELSEVIER Ultramicroscopy 107 (2007) 507513

www elsevier.com/locate ul tramic

Towards automated diffraction tomography: Part I Data acquisition

U. Kolb™*, T. Gorelik?, C. Kiibel®, M.T. Otten®, D. Hubert*

journal homepage: www.elsevier.com/locate/ultramic

“Ab initio” structure solution from electron diffraction data obtained by a
combination of automated diffraction tomography and precession technique

E. Mugnaioli, T. Gorelik, U. Kolb *

Ultramicroscopy

Contents lists available at ScienceDirect

ADT3D



ultramicroscopy

ELSEVIER Ultramicroscopy 84 (2000) 133142 —_—
www.elsevier.nl/locate/ultramic

ISTITUTO ITALIANO

Structure determination of ¢-BigPbsO;; by electron and DITECNOLOGIA

powder X-ray diffraction

M. Gemmi®®, L. Righi®, G. Calestani®, A. Migliori**, A. Speghini,
M. Santarosa®, M. Bettinelli®

Acte Crysallographica Section A Structure of Ti,P solved by three-dimensional

Foundations of . . .

Crystallography electron diffraction data collected with the

ISSN 01087673 precession technique and high-resolution electron
MIiCroscopy

Received 19 July 2002
Accepted 6 December 2002

Mauro Gemmi,**+ Xiaodong Zou,* Sven Hovméller,® Andrea Migliori,” Marie
Vennstrom® and Yvonne Andersson®

JOURNAL OF Fast electron diffraction tomography

APPLIED
CRYSTALLOGRAPHY

155M 1600-5767

Mauro Gemmi,** Maria G. I. La Placa,® Athanassios S. Galanis,” Edgar F. Rauch®
and Stavros Niculupuulush
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Training

Local training program
at the hosting institutions enrollment in a PhD program, direct research in the labs, local co

at the universities

ISES

Network training program
through the participation to workshop events organizedNBnEDwhere experts both internal
and external to the network will provide seminars and lectures on both technical and

transferrable skills

Secondment training program:
where the ERS will spend time:
1) Iin other beneficiaries of the network

i) In partner organizations
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Supervisory Team

I Main Supervisor
=Y Gemmi (IT)

ESR2 Gemmi (IIT)

Hadermann (UA)
Palatinus (FZU)
Palatinus (FZU)
Kaiser(ULM)
Gorelik(ULM)
Kolb (JGU)

Kolb (JGU)

Xu(SU)

=SREE Zou(SU)

Boullay (CNRS)
Boullay (CNRS)
Abrahams (UBA)
Abrahams (UBA)

Cosupervisors
Dalcanale(UNIPR), Nicolopoulos(NMG), Brazda (FZU), Batuk (UA), Yu(THF)
Dalcanale(UNIPR), Xu (SU), Van Genderen (UBA), Stowasser (RCH), McMahon (IUCr)

Kolb (JGU), Perez (DENS), David (NU)

Boullaf CNRS), Plaisier (EST), Miiller (BASF), Hadermann (UA)
Gemmi (IIT), van der Wal (TSC), Gorelik (ULM), McMahon (IUCr)
Boullay(CNRS), Abrahams (UBA), Prangsma (ASI)

Mugnaioli (1IT), Steinfeld (ELD), Zou (SU)

Van Genderen (UBA), Miller (BASF), Hadermann (UA)

Palatinus (FZU), Steinfeld (ELD), Boullay (CNRS), McMahon(lUCr)
Kack (AZ), Brazda (FZU), Zhang (eBIC), Abrahams (UBA), Yu(THF)

Waterman(STFC), Mugnaioli (1IT), Norberg (AZ), Kolb (JGU)

David (NU), Guilmeau (CNRS), Palatinus (FZU), Kolb (JGU), van der Wal (TSC)
Hadermann(UA), Kaiser(ULM), Plaisier (EST), Séguier (CDX)

Xu (SU), Prangsma (ASI), Kaiser (ULM), Zhang (eBIC)

Gemmi (IIT), Zou (SU), Waterman (STFC), Stowasser (RCH)
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Recruiting B

Science

Project Timeline

Mar 2023

Mar 2024

JIM

11/21

05/22

12/22

06/23

12/23

ESR Situation:
Employed 6
Selected 13
2 still missing

T mil
M18 M33 M39

02/25

i

Results(Deliverables + Milestones)




Website: naned.eu
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Nicholas Dring R
Head of Digital at the IIT /l/@ﬂ =KD
The Nan Ed Project

The Nan ED Project - Electron Nanocrystallography, is an Innovative Training Network, Marie Sklodowska-Curie Actions,

project funded by EU (grant agreement n. 956099) aimed to train a new generation of electron crystallographers thereby

paving the way for future development and establishment of the method more broadly in the academic community and
within the industry.

Electron crystallography

Electron crystallography is a way of looking into the structure of matter exploiting electron scattering in a transmission electron microscope. Its main

strength relies on the strong character of electron matter interaction, which allows detectable diffraction signals on crystal having size of few
nanometers. Collecting this signal in 3D and determining the atomic positions in nanocrystals of any kind, minerals, inorganic, hybrid, organic,

_ O <erivi aui ber eceauire |a ricerca




Website: naned.eu
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