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The cover displays a high-resolution micrograph of an
interface between polar LaVOs3 (top) and nonpolar SrTiO3

ERWWRP UHFRUGHG DORQJ WKH3%

under NCSI conditions by Lei Jin. Upward shifts of every
second oxygen column with respect to the adjacent
vanadium columns (fourth row from the bottom) give
evidence for an interface reconstruction. Local variations
in the 90° elastic domain structures in LaVO3z; become
evident when analysing the angular variation of -O-V-O-V-
O- chains ranging from 164° on the left (verso) to about
180° on the right (front cover).

Programme printed by Servicebetrieb Graphische Medien
(G-SG) of Forschungszentrum Julich GmbH.
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SUNDAY MAY 8™ 2022

SESSION A
SMorettipaviljoen

16:00 +16:15

16:15 +16:50

16:50 +17:25

17:25 +18:00

" castle ground floor

A0

Al

A2

A3

OPENING REMARKS

Rafal Dunin-Borkowski, Forschungszentrum Jilich GmbH

(Germany), Joachim Mayer, RWTH Aachen University
(Germany), and Carsten Sachse, Forschungszentrum Jilich
GmbH (Germany)

2D AND 4D STEM IMAGING OF BEAM SENSITIVE
MATERIALS

Peter Nellist, University of Oxford (UK)

NOVEL METHODS TO QUANTIFY THE ATOMIC
STRUCTURE IN 2D AND 3D FROM STEM DATA THROUGH
THE COMBINATION OF STATISTICAL PARAMETER
ESTIMATION AND DEEP LEARNING

Sandra Van Aert, University of Antwerp (Belgium)

X-RAY SPECTROMETRY IN THE ERA OF ABERRATION
CORRECTED ELECTRON-OPTICAL BEAM LINES

Nestor Zaluzec, Argonne National Laboratory (USA)




SESSION EMS OUTSTANDING PAPER AWARD CEREMONY
3Morettipaviljoen ~ castle ground floor

18:00 +18:10 EMSO INTRODUCTION

Randi Holmestad, Norwegian University of Science and
Technology (Norway)

18:10 +18:25 EMS1 CATEGORY:
INSTRUMENTATION AND TECHNIQUE DEVELOPMENT

Emma Silvester, University of Oxford (UK)

18:25 +18:40 EMS2 CATEGORY:
LIFE SCIENCE

Rhian Jones, Aix-Marseille Université (France)

18:40 +18:55 EMS3 CATEGORY:
MATERIALS SCIENCE

Daniel Wolf and Sebastian Schneider, Leibniz Institute for Solid
State and Materials Research (Germany)
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SESSION C
3Morettipaviljoen ~ castle ground floor

14:00 +14:35 C1l INSITU STRUCTURES OF NATIVE PROTEINS AT NEAR-
ATOMIC RESOLUTION BY CRYO-ELECTRON
TOMOGRAPHY

Peijun Zhang, University of Oxford (UK)

14:35 +15:10 C2 THE POTENTIAL OF ELECTRON CRYOMICROSCOPY IN
SITU: IDENTIFYING MOLECULES IN CELLS

Christopher Russo, MRC Laboratory of Molecular Biology (UK)

15:10 +15:45 C3 VITRIFYING CELLS

Raimond Ravelli, University of Maastricht (NL)

16:30 +£17:05 C4 STRUCTURAL MECHANISM FOR TYROSINE HYDROYLASE
INHIBITION BY DOPAMINE AND REACTIVATION BY SER40
PHOSPHORYLATION

José Valpuesta, Centro Nacional de Biotecnologia (Spain)

17:05 +17:40 C5 IS THE CRYOFIB LIFT-OUT PROCEDURE REALLY READY
FOR LIFT-OFF?

Jurgen Plitzko, Max Planck Institute of Biochemistry (Germany)

17:40 +18:15 C6 APPLICATION OF CHROMATIC ABERRATION CORRECTOR
FOR CRYO-EM IN THE STRUCTURAL BIOLOGY

Peiyi Wang, Southern University of Science & Technology
(China)



18:15 +18:20

18:20 +18:25

18:25 +18:30

18:30 +20:00

SP1

SP2

SP3

STREAM - MEMS-BASED LIQUID PHASE ELECTRON
MICROSCOPY: A PROMISING ROUTE FOR MATERIAL
SCIENCE, ENERGY STORAGE & LIFE SCIENCE
APPLICATIONS

Eva Bladt, DENSsolutions BV (NL)

ENERGY-FILTERED 4D STEM FOR ALL KVs

Saleh Gorji, Ametek GmbH (Germany)

EXCEPTIONAL CONTROL OVER THE DOSE ON YOUR
SAMPLE +JEOL-IDES EDM IS THE KEY

Manuel Reinhard, JEOL (Germany) GmbH (Germany)

DINNER
8. UXLGHQWXLQ” UHVWDXUDQW

PLEASE NOTE THAT POSTER SESSIONS A & B WILL RUN IN PARALLEL

POSTER SESSION A

20:00 £22:00

POSTER SESSION B

20:00 £22:00

MATERIAL S SCIENCE
3Vaalsbroekerhof ~ castle ground floor

See Poster Program

ELECTRON OPTICS
3Jachtkelder ~ castle ground floor

See Poster Program



TUESDAY MAY 10™, 2022

please note

9 sessions DA & DB will run in parallel
9 sessions EA & EB will run in parallel

SESSION DA
3Morettipaviljoen ~ castle ground floor

08:30 +09:05 DA1 USE OF PICO-TYPE MICROSCOPY TECHNIQUES TO OP-
TIMIZING COMPOSITION AND MICROSTRUCTURE IN
COMPOSITIONALLY COMPLEX ALLOYS

Hamish Fraser, Ohio State University (USA)

09:05 +09:40 DA2 CRYSTALLOGRAPHIC AND COMPOSITIONAL EVOLUTION
DURING ISOTHERMAL ANNEALING OF REFRACTORY
HIGH ENTROPY ALLOYS: INSIGHTS INTO HIGH
TEMPERATURE PHASE STABILITY

Rajarshi Banerjee, University of North Texas (USA)

09:40 +10:15 DA3 ANALYSIS OF PRECIPITATES IN ALUMINIUM ALLOYS
FROM DIRECT DETECTION SPED DATA

Randi Holmestad, Norwegian University of Science and
Technology (Norway)

10:45 +11:20 DA4 MEASURING GRAIN/TWIN BOUNDARY PLASTICITY AT
ATOMIC LEVEL

Xiaodong Han, Beijing University of Technology, (China)

11:20 +£11:55 DA5 MICROSCOPIC DEGREES OF FREEDOM OF GRAIN
BOUNDARIES AND MICROSTRUCTURAL EVOLUTION

Wayne Kaplan, Technion zlsrael Institute of Technology (Israel)




11:55 +12:30 DA6 MECHANISMS BEHIND HYDROGEN-BASED GREEN STEEL
MAKING

Dierk Raabe, Max-Planck Institut flir Eisenforschung
(Germany)

SESSION DB
3Vaalsbroekerhof ~ castle ground floor

08:30 +09:05 DB1 STRUCTURAL STUDIES OF VIRUSES BY CORRELATIVE
CRYO-MICROSCOPY

Elizabeth Wright, University of Wisconsin-Madison (USA)

09:05 x09:40 DB2 EASY-GRID: ADVANCING SAMPLE PREPARATION FOR
CRYO-EM
Simone Mattei, European Molecular Biology Laboratory
(Germany)

09:40 +10:15 DB3 ULTRASTRUCTURAL INVESTIGATIONS OF

SYNUCLEINOPATHIES: PD, MSA, HUMAN BRAIN, AND
FIBRIL STRAINS

Henning Stahlberg, University of Basel (CH)

10:45 +11:20 DB4 BACTERIA CYTOSKELETON VISUALIZATION BY CRYO
ELECTRON TOMOGRAPHY AND CORRELATIVE
APPROACHES

Linda Sandblad, Umeé& University, (Sweden)

11:20 +11:55 DB5 MEMS TECHNOLOGY FOR CRYO-EM SAMPLE
PREPARATION

Arjen J. Jakobi, Delft University of Technology (NL)

11:55 +12:30 DB6 RESOLVING STRUCTURAL DYNAMICS OF PROTEINS US-
ING DROPLET MICROFLUIDICS

Rouslan Efremov, Vlaams Instituut voor Biotechnologie
(Belgium)




SESSION EA
3Morettipaviljoen ~ castle ground floor

14:00 +14:35 EA1 EVENT-BASED SPECTROSCOPY IN A STEM: FROM
NANOSECOND RESOLUTION TO TIME-CORRELATED
HYPERSPECTRAL IMAGING

Odile Stéphan, Université Paris-Saclay (France)

14:35 +15:10 EA2 ELECTRON ENERGY LOSS SPECTROSCOPY WITH HIGH
SPATIAL RESOLUTION: APPLICATIONS TO CATHODE
MATERIALS IN LI-ION BATTERIES

Gianluigi Botton, McMaster University (Canada)

15:10 +15:45 EA3 RECENT PROGRESS OF ELECTRON SPECTROSCOPY
WITH THE SINGLE-ATOM LIMIT

Kazu Suenaga, Osaka University (Japan)

16:30 +17:05 EA4 WAVEFRONT SHAPING IN THE ELECTRON MICROSCOPY
WITH A 48 PIXEL PROGRAMMABLE PHASE PLATE

Johan Verbeeck, University of Antwerp (Belgium)

17:05 +17:40 EA5 ADVANCED PROCESSING OF DIFFERENTIAL PHASE
CONTRAST DATA

Josef Zweck, Universitat Regensburg (Germany)

17:40 +18:15 EA6 PROSPECTS AND OPPORTUNITIES FOR ELECTRON
PTYCHOGRPAPHY AT LOW DOSE

Angus Kirkland, Oxford University (UK)




18:15 +18:20

18:20 +18:25

18:25 +18:30

SESSION EB
3VVaalsbroekerhof

14:00 +£14:35

14:35 +15:10

15:10 £15:45

15:45 +16:00

SP4

SP5

SP6

AXON: AN IN-SITU TEM SOFTWARE PLATFORM
STREAMLINES IMAGE ACQUISITION, METADATA
SYNCHRONIZATION AND DATA ANALYSIS, ENABLING
DEEPER UNDERSTANDING, AND IMPROVED
REPRODUCIBILITY OF IN-SITU EXPERIMENTAL RESULTS

David Nackashi, Protochips Inc. (USA)

IMPROVING SAMPLE DISPERSION WITH AN ADDITIONAL
ULTRATHIN CARBON LAYER

Claire Naylor, Quantifoil (Germany)

DYNAMICAL STUDIES OF ADVANCED MATERIALS
COMBINING IN SITU 4D-sPED MAPPING AND PIXELATED
DETECTORS

Alan Robins, NanoMEGAS SPRL (Belgium)

" castle ground floor

EB1

EB2

EB3

ST2

THE ARCHITECTURE OF ORGANELLE CONTACT SITES

Wanda Kukulski, University of Bern (CH)

SECRETION SYSTEMS IN ACTION

Thomas Marlovits, Institute for Structural and Systems Biology
(Germany)

MACROMOLECULAR ORGANIZATION OF ATG18
OLIGOMERS

Daniel Mann, Forschungszentrum Julich (Germany)

PRESENTATION JEOL IN MORETTIPAVIJOEN
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SESSION G
3Morettipaviljoen ~ castle ground floor

14:00 +14:45 G1 MAGNETIC DICHROISM INVESTIGATED IN THE CS/CC
CORRECTED ELECTRON MICROSCOPE

Xiaoyan Zhong, City University of Hong Kong (China)

14:45 +15:30 G2 IMPORTANCE OF ABERRATION CORRECTION FOR IN SITU
HIGH RESOLUTION TEM

Robert Sinclair, Stanford University (USA)

15:30 +16:15 G3 IMAGING THE PROPERTIES OF ATOMS AND FIELDS AT
THE PICOMETER SCALE INSIDE MATERIALS AND DEVICES

David Muller, Cornell University (USA)

16:45 +17:30 G4 QUANTITATIVE HIGH-RESOLUTION TRANSMISSION
ELECTRON MICROSCOPY OF ENERGY CONVERSION
MATERIALS

Lei Jin, Forschungszentrum Jiilich (Germany)

17:30 +18:15 G5 UNDERSTANDING ELECTRON-BEAM-SPECIMEN
INTERACTIONS AT LOW ACCELERATING VOLTAGES TO
TAILOR PROPERTIES OF LOW-DIMENSIONAL INORGANIC
AND ORGANIC MATERIALS

Ute Kaiser, UIm University (Germany)



19:00 +20:00 WINE RECEPTION
& DINNER SPEECH ASTRID LAMBRECHT
3%LQQHQSODDWVcakt® IURQW RI WKH

20:00 £22:00 CONFERENCE DINNER
castle tsee seating plan



THURSDAY MAY 12™ 2022

SESSION H
SMorettipaviljoen ~ castle ground floor

08:30 +09:05 H1 CEPSTRAL SCANNING TRANSMISSION ELECTRON
MICROSCOPY FOR ORDERED AND DISORDERED
MATERIALS

Jian Min Zuo, University of lllinois (USA)

09:05 +09:40 H2 EXPLORING MATERIALS STRUCTURE AND PROPERTIES
ON THE NANOSCALE BY COMPUTER-AUGMENTED
ELECTRON MICROSCOPY

Christoph Koch, Humboldt-Universitéat zu Berlin (Germany)

09:40 +10:15 H3 ROLE OF IONIZATION IN IMAGING AND SPECTROSCOPY
UTILIZING FAST ELECTRONS THAT HAVE EXCITED
PHONONS

Juri Barthel, Forschungszentrum Jilich (Germany)

10:45 +11:20 H4 2D MATERIAL HETEROSTRUCTURE LIQUID CELLS: A
PLATFORM FOR ATOMIC RESOLUTION STEM IMAGING
WITH LIQUIDS

Sarah Haigh, University of Manchester, (UK)

11:20 +11:55 H5 THICKNESS DEPENDENT COATING BREAKING DURING
BATTERY CYCLING BY IN SITU TEM

Shibabrata Basak, Forschungszentrum Jilich (Germany)

11:55 +12:30 H6 NOVEL THEORY OF THE STRUCTURE OF THE ELECTRON

Harald Rose, UIm University (Germany)



12:30 +12:45 CLOSING REMARKS

Rafal Dunin-Borkowski, Forschungszentrum Jilich GmbH
(Germany), Joachim Mayer, RWTH Aachen University
(Germany), and Carsten Sachse, Forschungszentrum Jilich
GmbH (Germany)
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HVWLPDWLRQ > @ WKH QXPEHU RI DWRPV LQ DQ DWRPLF FFR
KDV UHFHQWO\ EHHQ H[WHQGHG WR DQDO\]H WLPH VHULHYV
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FRXQWLQJ IURP KRPRJHQHRXV WR KHWHURJHQHRXV PDWH I
ZLWK ('; 7KLV LV IDFLOLWDWHG E\ XVLQJ D GHHS FRQYRO
DWRPLF OHQVLQJ PRGHO WR HIILFLHQWO\ FRPSXWH 6&6V

DWRP FRXQWVY FDQ EH XVHG WR FUHDWH DQ LQLWLDO DWR
IRU HQHUJ\ PLQLPL]DWLRQ WR REWDLQ D UHOD[HG ' UHFR
1HZ GHYHORSPHQWY XVLQJ D %D\HVLDQ JHQHWLF DOJRULW
PHWKRGRORJ\ WR FKDUDFWHUL]H VXSSRUWHG PHWDOOLF Q
)LQDOO\ WKH LQIRUPDWLRQ ULFKQHVV DQG GRVH HIILFLHQ
WKH DQDO\VLV RI PXOWLSOH YLUWXDO 67(0 LPDJHV ZLWK IU
DQG WKURXJK SKDVH UHFRQVWUXFWLRQ XVLQJ GHHS OHDU

SHIHUHQFHV

>@$ 'H%DFNHU HW DO 8OWUDPLFURVFRS\

@ $ 'H ZDHO HW DO 3K\VLFDO S5HYLHZ /HWWHUYV
@ 3 /LX HW DO 1DQRVFDOH

@ ( $UVODQ ,UPDN HW DO 6PDOO OHWKRGV

vV V.V
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1HVWRU - =DOX]HF

$UJRQQH 1DWLRQDO /DERUDWRU\ 3KRWRQ 6FLHQFF
6 &DVV $YH /HPRQW ,00LQRLV

=DOX]HF#DDHP DPF DQO JRY

$EHUUDWLRQ &RUUHFWLRQ LQ WKH $QDO\WLFDO 7UDQVPL\
PRVW FORVHO\ DVVRFLDWHG ZLWK LPSURYHPHQWY LQ KLJFK
WKH FRPELQDWLRQ RI WKDW WHFKQRORJ\ ZLWK QHZ V\VW|
HOHFWURQ RSWLFV DQG [ UD\ GHWHFWLRQ LV GLVFXVVHG
FUHDVHG PRUH WKDQ IROG VLQFH LQFHSWLRQ )LJXUH
LQJO\ LQFUHDVHV ZLWK GHFUHDVLQJ LQFLGHQW EHDP HQH
SOHPHQW WKH DGYDQFHV LQ HOHFWURQ RSWLFDO SHUIRUF
WLRQ FRUUHFWRUV RYHU WKH ODVW \HDUV > @

)L J ([SHULPHQWDO ; UD\WJGHWHFWRPHQWDO UHODWLY
FROOHFWLRQ VROLG DQJOHDNQD WXMFW(ORQWIDLQFLGHQW E
IXQFWLRQ RI \HDU QRUPDOL]JHG DW N9

SHIHUHQFHV
> @ =DOX]JHF 1 - 3LFR SURFHHGLQJV OLFURVFRS\ 0l
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20GUHM / .ULYBDRENGLNWKDDWMWRSKLRERY '"HOOE\

7UDF\ & /RYHMR\

1LRQ 5 ' 1( WK 6W .LUNODQG :$ 86%
,QVWLWXW |+U 3K\VLN ,5,6 $GOHUVKRI +XPEROGW 8QLYH
%HUOLQ *HUPDQ\
'HSDUWPHQW RI 3K\WLFV $UL]JRQD 6WDWH 8 7HPSH

NULYDQHN#QLRQ FRP

2XU XOMWHUOQHUBHVROXWRERRFKURPADMEG (0 +(50(6CE

((/16 (OHFWURQ (QHUJ\ /RVV 6SHFWURVFRS\ 67(0 VFDQQLQ.
PLFURVFRSH XVHV DEHUUDWLRQ FRUUHFWHG RSWLFV RSH
DFKLHYHG PH9 HQHUJ\ UHVROXWLRQ )LJ W KDV R
DSSOLFDWLRQV LQFOXGLQJ GLUHFW REVHUYDWLRQ RI T
HOHFWURQ PLFURVFRSH > @ VSDWLDOO\ UHVROYHG VWXGL
LQ ' REMHFWV VHSDUDWLRQ RI GLSROH DQG QRQ GLSROH
VLIQDO DEOH WR SURYLGH GDPDJH IUHH DQDO\VLV HVSHF
DQOG WKH QRQ GLSROH VLIJQDO DEOH WR GHWHFW WKH YLE!L
DQG VSDWLDO PDSSLQJ RI GLIIHUHQW LVRWRSHV VXFK DV
UHVROYHG PDSSLQJ Rl SKRQRQ GLVSHUVLRQ VXUIDFHV )LJ
ZLOO EH VKRZQ DW WKH PHHWLQJ DQG IXWXUH GLUHFWLRC

)LJ =HUR /RVV 3HDN ([SHULPHQWDO T PRPHQWXP HQHUJ\ SDWWHUQ\
=/3 UHFRUGHG BALWWRIGH K %1 1LRQ +(50(6 N9 PLQ DFT WLPH

+(50(6 N9 VHQWUDQFH VORW D T SDWWHUQ DW . E SDWWH
DFTXLVLWLRQ SDRLIJQHNGDW .1 SRLQW G VFKHPDWLF VKRZLQJ WKH
VSHFWUD RI PVY%DIFXORXLQ JRQH SRLQWY DQG WKH ORFDWLRQ RI WK!
HIH QFHV

.ULYDQHN HW DO 1DWXUH

H

/

6 +DJH HW DO ©6FLHQFH

$ +DFKWHO HW DO 6FLHQFH

vV V. Vv Ol

U
@ 2
@ )
@ -
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SHWHU +DAODVWMCLQ AHHIMNR 0+OWHSKDQ 8KOHPDQQ
-RDFKLP =DBPK +DLGHU

&(26 *PE+ (QJOHU 6WU +HLGHOEHUJ *HUPL
KDUWHO#FHRV JPEK GH

7KH VXFFHVV VWRU\ Rl KDUGZDUH DEHUUDWLRQ FRUUHF
PLFURVFRS\ VWDUWHG \HDUV DJR ZLWK WKH ILUVW UHVR!
D WZR KH[DSROH GHVLJQ LQ 7(0 > @ DQG D TXDGUXSROH RF
WZR KH[DSROH GHVLJQ ZDV VXFHVVIXOO\ XVHG DV ZHOO LQ
SURMHFW D FDUHIXO UHGHVLJQ OHDG WR WKH DGYD
'&25 $6&25 LQ 67(0 ZLWK IXO0O IRXUWK RUGHU FRUUHFWLF
ILIWK RUGHU DEHUUDWLRQV > @ 7KLV GHVLJQ LV VWLOO
DGGLWLRQDO $ VWLJPDWRUVRIWR(XVHG \WKHYRBHYHOB®SPH
FRQFHQWUDWHG RQ RII D[LDO DEHUUDWLRQ FRUUHFWLR!
FKURPDWLF DEHUUDWLRQ FRUUHFWLRQ &&25 6$/9( > @
DGYDQFHG WZR KH[DSROH FRUUHFWRU $7Q2BUGH@ WR VX\Q
H[SORLW WKH SRWHQWLDO Rl WKH DEHUUDWLRQ FRUUHF\
H[SHULPHQWDO LPDJLQJ FRQGLWLRQV LV UHTXLUHG ,Q 67(
WKH FKRLFH RI WKH RSWLPXP DSHUWXUH VHPL DQJOH GHSH
DQG Rl WKH SUHVHQW FKURPDWLF DEHUUDWLRQ 'XH WR W
VRXUFHV DQG PRQRFKURPDWRUV WKH FKURPDWLF OLPLW
FRQVHTXHQFH D[LDO DEHUUDWLRQV EH\RQG ILIWK RUGH
PHDVXUHPHQW URXWLQHY DQG LQ FRPSHQVDWLRQ VFKHPH
GLIIHUHQW RUGHU EXW VDPH PXOWLSOLFLW\

SHIHUHQFHV

>@ 0 +DLGHU 6 8KOHPDQQ ( 6FKZDQ + 5RVH % .DELXV
1IDWXUH

>@ 3( %DWVRQ 1 'HOOE\ 2/ .ULYDQHN 1DWXUH

> @ + 6DHWGIAQFURVFRS\
> @ + 0-OOHU 6 8KOHPDQQ 3 +DUWHO O +DLGHU OLFUR
+
> @ 3 +DUWHO 9 *HUKHLP O /LQFN + 0 OOHU 6 8KOHPD
8OWUDPLFURVFRS\
> @ 5 6DJDZD $ <DVXKDUD + +DVKLJXFKL 7 1DJDQXPD ¢
SLHGHO 3 +DUWHO O /LQFN 6 8KOHPDQQ + 0<OOHU + 6
@ + 0 OOHU , 0OD%PDQQ 6 8KOHPDQQ 3 +DUWHO - =D
HWKRGV 3K\V 5HV $
@ 0 +DbLGHU 3 +DUWHO + 0.OOHU 6 8KOHPDQQ - =DFt
LFURDQDO\VLYV

@ 0 /HQFBB&\V 5HY /HWW
@ 7 5LHGHO 3 +DUWHO O /LQFN 9 *HUKHLP + 0OOHU
G OLFURDQDO\VLV

OVvVVOVOoYV

Q
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&ODXV 5RSHUV

OD[ 30DQFN ,QVWLWXWH IRU 0X®WMELYFHLG OtHWRID G\F L H
*HRUWBIXJIJXVW 8QLYWWLIQVHQ *HUPDQ\

FODXV URSHUV#PSLQDW PSJ GH

SURYLGLQJ WKH PRVW GHWDVOBGOGHYUWAINKFRVXDWRPQE FR
7TUDQVPLVVLRQ (OHFWURQ OLFURVFRS\ 7(0 VHUYHV DV

VWUXFWXUDO ELRORJ\ DQG PDWHULDOV VFLHQFH 2SWLFDO
DFFHVVLEXQK WKRIRGWDQHRXYV LQHODVWLF VFEDWWHULQJ RI HC(
HQHUJ\ ORVV DQG FDWKRGROXPLQHVFHQFH VSHFWURVFRS\
XQGHUO\LQJ VFDWWHULQJ SURFHVVHVY EHFRPH DFFHVVLEOF
VDPSOH

,Q WIIONW, ZLOO LQWURGXFH EDVLF SULQFLSOHV DQG VH
HOHFWURQV VFDWWHULQJ LQ HOHFW URKHPLFDR\QFIRBY! QKB
ILHOG LQWHOQVLW\@®RLE/ WRULHEQWL RQFURVFR S\ BIVRSWLF DY |L
WKHRKHUHQW FRQWH®BFRMURIQHT XIHHW X P @WIDOGH WRIP S/FBWDMAL |
@ HOHFWURQ EHDP PDQLSXODWLRQ

ORUHRYHU UHFHQW SURJUHVV LQ WKH FRXSOLQJ RI HOHF
PRGHV@>DQG LQWHJUDWHG SKBWRIQLEY BKWYR® WIRURO XGLQ.
SUHSDUDWLRQ DQG FKDUDBWRWIRQVEDR@ R WHWHRWU R Q

SHIHUHQFHV

> @ 6SRQWDQHRXV DQG 63KIRPKRQ WS HOBFWILRRY LQ 1DQR
30DVPRQLF 1HDU )LHOKBW DOJKMHE®MUDS SO

> @ 3/RUHQW] PLFURVFRS\ Rl RISW DRDP SUHISOGBUWLR®DLGD
>@ +ISHULWHOHFMWURQ PRPHQWXP VWDVHPHUHIDQHEG E\ W
RSWLFDO SKDVH PRGXODB&ERY 58 Y) AW D U FK

>@ 5DPWMNSH SKDVH FRQHVOBIE® BR QUEHDPY . HWFE@&HUQND
1DW 3K\V

>@ 4XDQWXP FRKHUHQW RSWLFDO SKDVH PRGXODWLRQ LQ
PLFURVFRSH H% DHRWWUH

>@ $WWR\OHFRMWGERY SXOVH WUDLQV DQG TXDQWXP VWDWH
WUDQVPLVVLRQ HOHFWURQ PHM BRI®AR S3KRWR GBUAHEH

>@ &RQWUROOLQJ IUHH HOHEWUR QQ U WRKRRHWW FB®. IZKLV S
1DWXUH

>@ ,QWHJUDWHG SKRWRQLEWMHREBEDBRWFRQVEBKOQXRXKRGXOTL
. +HQNW DI®WXUH

>@ &DRHWLDWHMAUSIQRWRQ $ DIHINMAW DO ;LY



$720,88&$/( ,19(67,*$7.824) (/(&7521%($0
6(16,7,9( 02/(&8/(6

3HWHU $ YDQ $8DB\§V :DQJ 6 1HJL 6LJO6H
5DXVFKHQEDFK

IMax Planck Institute for Solid State Research, Heisenberstr.1, 70569 Stuttgart, Germany
2Center for Microscopy and Analysis, Nanjing University of Aeronautics
and Astronautics, Nanjing 210016, P.R. China
3Dept. of Metallurgical and Material Engineering, Indian Institute of Technology
Jodhpur NH 62, Surpura Bypass Rd, Karwar, Rajasthan 342030, India
'"HSW RI &KHPLVWU\ 8QLYHUVLW\ RI 2[IRUG ODQVILHOG

S YDQDNHQ#INI PSJ GH

JRUPDWLRQ DQG FKDUDFOLHPWHL] P UWR@RDO RO DRA WU XFW XUHV
FRQWUROOLQJ WKH GLPRISHVULE DI RI' WZRWHULDOV VXFK DV
ZRUN ZH KDYH VWXGLHG WKRHQVULRRWRUBGRIROREZWHYV RI F
&VRQ IUHHVWDQGLQJ JUDSKHQH DW DWRPLF UHVROXWLRQ
FKDUJHG FOXVWHUV EEHDP EBWSRVSWDRORO®LQWHUDFWLRQ 2
HOHFWURQ EHDBURHOVLRQ@RO &V, FU\WWDOV RQO\ RQ ELO!
ZKLOW, FOXVWHUV FRQVLVWLQJ RI DQG LRQV DUH H]
OD\HU JUDSKHQH 6/* &KHPLFDO FKDUDFWHUL]DWLRQ E\
VWUXFWXUDO PHDVXUHPHQWY HYLGHQFH WKH SRVVLEOH L
VWUXFWXURIQI RUPDKM &V, FOXVWHUV DQG OD\HUV

$WRPLF GHVLJQ RI JUDSKHQH FDQ EH VXEVWDQWLDOO\ LQ
LQGXFHG LQ D WUDQVPLVVLRQ HOHFWURQ PLFURVFRSH ,W
WKH WKUHVKROG HQHUJ\ IRU GPIHFQY M KR DM QDRIQVEF FRQIW I
GHQVLW\ RI WKH IDVW HOHEFWURQV 5HFHQW VWXGLHV KDY
FHUWDNRRISHFE®®Y) FDWDO\]H DWRPLF ERQG GLVVRFLDWLRC
HOHFWURQ EHDP E\ UHGXFLQJ WHKHEZB UNKVKREXREBE HGHULP
FRPSDULQJ WKH LQWHUDFWLRQ RI DONDOL DQG KDOLGH VSH
WKDW LQ WKH SUHVHQFH RI HOHFWURQ LUUDGLDWLRQ HWI
WKH VLPXOWDQHRXYV SUHVHQEBW RP VD OM@WVLWD Q % QIER\AIRID O
ILUBMN.QFLSOHY PROHFXODU G\QDPLFV FDOFXOWWRLRQN WH"
SKHQRPHQRBEWERD &YV ZHDNHQ F O RMHG WERHWASH BIOHWD CAK LEK L C
WKH FDUERQ GLVSOBIFMRAHR@W FURVV

S5HIHURQFH

>@ 9DWV < :DQJ 6 B6HQ 6 6]LODJ\L + 2FKQHU 6 $EE 0
. _.HUQ 3% YDQ $NHQ 6 5DXVFKHQEDFK $&6 1DQR

>@ 9DWV ' 6 1HJL ' 6LQJK : B6LJOH 6 $EE 6 6HQ 6 6]L
$KXMD.HUQ 6 5DXVFKHQEDFK 3$ YDQ $NHQ 6PDOO

> WKLV SURMHFW KDV UHFHLYHG IXQGEQ-RURRQVKH (XURSHI
UHVHDUFK DQG LQQRYDWLRQ SURJUDPPH XQG&HU(OUDQW DJL



ATOMIC AND ELECTRONIC STRUCTURE OF HE TERO INTER-
FACES USING DARK-FIELD EELS

Demie Kepaptsoglou®:, M. Bugnet®, V.K. Lazarov' and Quentin
Ramasse #*

SSuperSTEM Laboratory, SciTech Daresbury Campus, Keckwick Lane, Daresbury, U.K.
'York JEOL Nanocentre and Department of Physics, University of York, York, U.K.
School of Physics, University of Melbourne, Parkville, Victoria 3010, Australia
ASchool of Chemical and Process Engineering, University of Leeds, Leeds, U.K.

Engineering the structural or chemical architecture of functional materials at the nano
or even atomic level enables emergent properties that rely on the interplay between
fundamental properties of matter such as charge, spin and local atomic-scale chem-
istry. A striking illustration of the relevance of this strategy is provided by placing
Bi2Ses, a topological insulator (T1) with topologically-protected helical two-dimensional
surface states and one-dimensional bulk states associated with crystal defects, in
close proximity with graphene. The strong spin-orbit interaction and proximity effects
result in subtle and controllable electronic band structure changes at and near the
interface, with exciting potential for spintronic applications. Here we probe at high en-
ergy resolution the interfaces in a system consisting of Bi2Ses films grown by chemical
vapor deposition on epitaxial graphene/SiC(0001), where the number of carbon layers
can be carefully controlled to tune possible proximity effects between the film and the
substrate. All experiments were carried out on a monochromated Nion UltraSTEM100
MC operated at 60kV, with a probe convergence semi-angle of 31mrad and a beam
current of approximately 4pA (after monochromation to ~12meV resolution). Chemical
mapping confirms the atomic-level chemistry of the layers, while an analysis of the
carbon K edge fine structure provides direct insights into the nature of bonding at the
SiC/graphene and graphene/Bi2Ses interfaces [1]. Strikingly, the use of a dark-field
EELS geometry, either using a set of custom-developed annular apertures reveals the
emergence of locally resolved fine structure in the ultra-low loss region of the spec-
trum. In addition to a further direct interrogation of the chemical bonds between the
layers, and a demonstration of chemically and atomically sensitive phonon mapping
at interfaces in a bulk sample, it is thought these observations could also be linked to
the interplay between the various phonon modes and the Dirac plasmons in the TI
layers.

[1] M. Bugnet et al., Phys. Rev. Lett. 128, 116401 (2022)
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$[HO /I XENDQLHO :ROI

JHLEQL] ,QVWLWXWH IRU 6ROLG 6WDWH DQG ODWHULDOV 5
*HUPDQ\

,QVWLWXWH Rl 6ROLG 6WDWH DQG ODWHULDOV 3K\VLFV
*HUPDQ\

D OXEN#LIZ GUHVGHQ GH

&KLUDO PDJQHWLF PLFUR DQG QDQRWH[WXUHV VXFK DV F
DUH SDWWHUQV LQ PDJQHWLFDOO\ RUGHUHG PDWHULDOV W
RI PDJQHWLF VWUD\ ILHOG V\PPHWULF H[FKDQJH DQWLV
H[FKDQJH DQG PDJQHWRFU\WWDOOLQH DQLVRWURS\ DQG \
WKH JHRPHWU\ RI D VSHFLPHQ DQG LQWULQVLF PDWHULD
LQWHQVLYHO\ VWXGLHG IRU WKHLU IXQGDPHQWDO SURSHU
DQG WRSRORJ\ DV ZHOO DV SRVVLEOH DSSOLFDWLRQV LQ P
+HUH ZH UHSRUW RQ FRPELQDWLRQ RI RIlI D[LV HOHFWUR
WRPRJUDSK\ (7 DSSOLHG LQ WKH 7(0 IDFLOLWDWLQJ ' FKD
FRQILJXUDWLRQV GRZQ WR QDQRPHWHU OHQJWK VFDOHV :
RI YHFWRU ILHOG HOHFWURQ WRPRJUDSK\ 9)(7 DQG WK
UHFRQVWUXFWHG ' PDJQHWLF LQGXFWLRQ DW WKH H[DPS(
' PDJQHWLF FKLUDO GRPDLQ ZDOOV LQ &R1L QDQRZLU
PDJQHWRFU\VWDOOLQH DQLVRWURS\ > @ %ORFK VN\UPLRC
DQG YRUWH[ VWULQJV LQ FXUYLOLQHDU QDQRPDJQHWYV

)LJ 7TKUHH GLPHQVLRQDO UHFRQVWUXFWLRQ RI WKH PDJ(
VN\UPLRQ WXEH ODWWLFH LQ D )H*H QHHGOH VKDSHG VDPS

@ , 0 $QGHUVHQ HW DO 3K\V 5HY 5HV

@ ' :ROI HW DO 1DW 1DQRWHFKQRO ‘2, Vv
@ :HDFNQRZOHGJH IXQGLQJ IURP (XURSHDQ 5HVHDUFK &
DIJUHHPHQW QXPEHU
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3HLMXQ =KDQJ

'LYLVLRQ RI 6WUXFWXUDO %LRORJ\ :HOOFRPH 7UXVW &|
8QLYHUVLW\ RI 2[IRUG 2[IRUG 2; %1 8.

(OHFWURRD%L@®R] &HQWUH 'LDPRQG /LJKW 6RXUFH +DUZI
 QQRYDWLRQ &DPSXV 'LGFRW 2; '( 8.

SHLMXQ J]KDQJ#VWUXEL R[ DF XN

BWUXFWXUDO ELRORJ\ PHWKRGVHRWEQIUR Q\R\(B PIRQ G DSK\R F
KDYH EHFRPH PDMR U QURRIDAU RPR DWK)GOD U FRPSOH[HV WKD\
IOH[LEOH DQG G\QDPLF DQG RRWGIQUI OYNWPE Q LLH)V KN KB MUD L
SXULI\ 7KH VWXG\ RI WKHVH FRP SHMWX\WIRQIGFD VR/(HP B Q GF
VXEWRPRJUDP DYHUDDQQPNMWRHENEEPLF UHVROXWLRQV FR)
FU\R),% DQG FRUUHODWLYH DQG LQWHJUDWLYH LPDJLQJ R
ELRORJ\ > @ DV H[HPSOLILHG LQ YLUXV LQIHFWLRQ LQ KXF
UHFHQW VWXGLHV&R® YWMKXMN 6RIBFWLRQ SURFHVVHV > @ W
DFWLYLW\ RI SDUWLFXODWH PHWKDQH PRQRR[\VJHQDVH S00
PHPEUDQHV RI PHWKDQRWURSKY DQG WKH DVVHPEO\ DQG
ZLWKLQ OQDWLYH FDUER[\WRPHV H @SR¥MHRU GRHP FQ VR\(T D /@
VXEWRPRJUDP DYHGHMWUXRWXUDO ELRORJ)\

SHIHUHQFHV
> @=KDQGYDQFHV HOHRWRI RQ WRPRJUDSRP DY® WXEVDPRP R J L
DQG FODVVENUFDMQWQ@SLQLRQ LQ 6WUXFWXUDO %LRORJ\

> @OHQGR@ODRZH % *LORKBKWWJI6XQ® / .QLIKW
=DQHWRLIQ JXHV%DWKBPOQUHE\WRKHQ 5DGHBNH/IZ 1L

' RXQDWLGLV.RURQIBEPQNLHZLFPUNLRODNDUYWUQDQGH]

© -DPHY =KD®QRUUHODWLFHOPXBUNEL QJ XEBBBE&RY

DVVHPEO\ DQG HJUHVV 1DWXUH &RPPXQLFDWLRQV

> ®1L< 6XQ 6HDWARQURQ 0 - $D]JHHR =KX <X/ /LR

=KDQZDOHV RI&ZEZBER[\WVRPHV W KHQEWSUIXMHPEON RI &DUJR
5XELVERRU[LY RUJ
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&KULVWRSKHY - 5XVVR

05& /'DERUDWRU\ RI OROHFXODU %LRORJ\ )UDQFLV &ULFN 9
8.

FUXVVR#PRE FDP DF XN

(OHFWURQ FU\RPLFURMFRRORINKEDPHLHN HUYHG E\ YLWULILF
ZDWHUKDVWHPDGH JUHDW VWULG H VKIHQ DWHKRHP LOFD V W UGK I FADXGJHH

ELRORJLFDO PDFURPROHFXOHV FDQ DW PHOVWHE® SPDQED
XVLQJ EULJKW ILHO @ BMRYVHVHEGRQY R O R MLRD 8 COHFWDWREQ \L P D J
KDUGZDUH GDWD DQDO\VLV VRIWZDUH DQG FU\RJHQLF VS|
FRQWLQXH DW SDFH DQG FRQWULEXWH WR WKH H[SRQHQW
VWUXFWXUHV GHWHUP L QREG LENWRELD R/( ®LVWME L\GZBU XL OO KDY H

VWUXFWXUHV IRU KXQGUHGY RI WKRXVDQGV RI XQLTXH SL
FRPSOH[HV %XW WKH DQVZHUV WR PDQ\ LPSRUWDQW TXH\
REYLRXV LI ZH FRXOG LGHQWHIFLWKBYV H QML GXF AWXQOIV BLW
HUURU ,Q WKH FRQWH[W RI DQ DEXQGDQFH RI NQRZZQ VWL
FRQVLGHU WKH FXUUHQW VWDWH Rl HOHFWURQ FU\RPLFUR
GLUHFWO\ [URP WHROXQYG D Q\GWHFE ZRORJI\ FDQ EH EURXJKW
WKLV JRROWK QRZ DQG LQ WKH IRUHVHHDEOH IXWXUH
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IDY\DUBIPDMWUBDVFRO/PDQBHQH +HQGHADWBW %HXOHQ
HYLQ .QRR®WPHQ /ROHVLDAIWHU 3 BWHRRQG
5DYHOOL

0O, ODDVWULFKW 8QLYHUVLW\ ODDVWULFKW 7KH

&U\REROOG :HHUW 7KH 1HWKHUODQGYV
UEJ UDYHOOL#PDDVWULFKWXQLYHUVLW\ QO

&U\RJHQLF HOHFW URRU\RL FKIRW FIRRSARPH DQ LQGLVSHQVDEC
VWUXFWRIUDOLBIKR@ OHVV WKDQ D GHFDGH WKH XVH RI VLG
WHFKQLTXHV H[SORGHG ,W KDV OHG WR YDOXDEOH LQVLJ
PDFURPROHFXODU FRPSOH[HV FUXFLDO IRU WKH GHYHOF
YDFFLQHV 6DBHOBWSBB LV DQ HVVHQWWLDRUWWHES LQ
PDFURPROHFXOHY DUH SXULILHG FRQFHQWUDWHG DQG WU
D SURFHVV FDOOHG YLWULILFDWLRQ $OWKRXJK VXFK SUH
DWRPLF DQG HYHQ DWWPXFWXVYROXMWQAURUKMQW ULVNV DOVF
,VRODWHG DQG VRPHWRPNY¥LOHWHE JMHROWHFXOHY FRXOG DO
DQG PLJKW ORVBIFWRHVUDPR |XQEWLRRXOGHDHOWLYH GHWDI
VWUXFWXUPMYFURRROHFXODUZEWRSQHWKRHLU QDWLYH FHOC
BWUXFWXUD@ BLRMORIWHUP WKDW DSSOLHV WR D VFHQDUL
HQYLURQPHQW LV HQWLUH®\6HW H\DHORYZH/G | RUUVWRKH SURG XF\
ODRHODLQ VXFK VDP SIRK\O RZKHGIKEIQEB\ROHFWURQ WRPRJUDSK
WRPRJUDP DYHUDJLQJ 6XFK ZRUNIORZ FULWLFDOO\ GHSH
YLWUHRXV FHOOXODU VDPSOHV 7UDGLIHNERQPIHONHB]RYS k
XVHG IR®P WKLFN VDWRESIDHMWHH]L®B RO QVRIUKMIVH IUHH]LQJ
IRU VDPSOHV XPP WR KHDOH ZLOO SRMHYRIOMEEW YV HG®RROLQJ
SURWRFROV GLVFXVV LWV FKDUDFWHULVWLFV DQG SR\
DSSOLFDWLRQV
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(ULF 9DQ &D S DPHOEDUHR 6 WRUPV

7TKHUPR )LVKHU 6FLHQWLILF 86®OVERUR 25
7TKHUPR )LVKHU 6FIH QWQGHKR YYTHKI 1HWKHUODQGYV

[HULF YDQ FDSSHOOHQ#WKHUPRILVKHU FRP

(YHU VLQFH WKH LQOHRWULRQ RLAVIRNWHAHRSH VFLHQKRZX WYV KD
WKH HOHFWURQV D IIHRNVEXKKDQWWMWLRNSDHR RNH G D W @BUW MWRH
FRQWWIMN UHGXFH EHDPRGPBOBM URGXFWLYLW\ WKURXJK
SHUIRUPDQFH UKMROXWERRQRV WRIDXF WRKAPHDW HULDPN VFLHCQ
LV FRPPDQGPQWWDEFWLLFY\ PDWHULDOV FODSR/G\WP HURFK 'DV
PDWH UIHROVLO/RZHWD QG RWHKHXVYUH ® XVKIRI WKH HEBFWURQV
WUDQWKWR&EJIK WKIHQ VDPGOWH WR PLQLPL]H WKH GHHPWLDHH WKE
ZHIOIWWHHFHQW GHYHARSPMYWR RQIRLQI UHVHDIHHKQWQ G G
SURMBWWMUPR )LVKHU LEF WHIQHRLLEBBVH LPDJLQJ DQG DQDC
JLIXUH LV D PDWHULDORIVFHHGERRAH [®AHS OHPBII DQA2)

DQG ILIXHURZV D KHVROXWLRQ VWXEXFWNXD HKRPEIR)I BRELQ
SURWHIHR DIJHNRU WKLV UHFRQWAHVORKFWILRKG ZLWK WKH ODWH
.ULRVHTXLSSHG6HIOMKIMPU&M(* DOQDOFRQ L GLUHFW HOHFWU
FDPHUD

)LJ N9 L'3RI D 020,/ )LJ  N'D +XPDQ +HPRJOREL
7KH WRWDO GRAMMIHRUVWK E # UHVROXWLRQ

6DPSOH FRXUWHV\$8®MRI 4 ,PDJH E\ $EKD\ .RWHFKD 7k
,PDJEN$QQD &DUOYXWREO®R )L 6FLHQWLILF

6FLHQWLILF
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-RVp 0 9DOSXHVWD
&HQWUR 1DFLRQDO GH %LRWHFQRORJtD &1% &6,& 'DUZ
MPY#FQE FVLF HV

7\URVLQH K\GUR[\ODVH 7+ FDWDO\]HV WKH K\GUR[\ODWLR
GLK\GUR[\SKHQ\ODODQLQH /'RSD WKH ILUVW DQG UDWH C
FDWHFKRODPLQHV &$V GRSDPLQH '$ QRUDGUHQDOLQH D
&$V DUH HVVHQWLDO QHXURWUDQVPLWWHUV DQG QHXURPR
DV PRWRU FRQWURO HPRWLRQ UHZDUG ELRUK\WKPV DQG
DUH DVVRFLDWHG ZLWK FRQJHQLWDO 7+ GHILFLHQF\ 7+' |
D KDOOPDUN RI 3DUNLQVRQYV GLVHDVH > @ ,QKLELWLRQ
SKRVSKRU\ODWLRQ DUH NH\ UHJXODWRU\ PHFKDQLVPV RI
VWDELOLW\ :H KDYH XVHG FU\R(0 WR GHWHUPLQH WKH VW
ZLWKRXW DQG ZLWK '$ DQG WKH VWUXFWXUH RI 6 SKRVSK
ELRSK\WVLFDO DQG ELRFKHPLFDO FKDUDFWHUL]DWLRQV DQC
7+ SUHVHQWY D WHWUDPHULF VWUXFWXUH ZLWK GLPHUL

VHSDUDWHG c lURP WKH FDWDO\WLF GRPDLQV )LJ OHI\
KHOL[ LQ WKH IOH[LEOH 1 WHUPLQDO WDLO RI WKH UHJXO
EORFNLQJ LW UHG DUURZV LQ )LJ ULJKW ZKLOH 6 SK

7TKH VWUXFWXUHY UHYHDO WKH PROHFXODU EDVLV RI WKH 1
DQG LWV FRXQWHUDFWLRQ E\ 6 SKRVSKRU\ODWLRQ NH
KRPHRVWDVLVY RI '$ DQG 7+ > @

SHIHUHQFHV

>@ 6 & 'DXEQHU 7 /H 6 :DQJ $UFK %EtRFKHP %LRSK\V
> @' - 6XUPHLHU -$ 2EHVR * 0 +DOOLGD\+1DW 5HY 1HX
>@ 07 %XHQR &DUUDVFR HW DQ 1DW &RPPXQ

KWWSV __GRL RUJ Vi \
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~«UJHQ 0 306YWH®ROXPSH

OD[ 30DQFN ,QVWLWXWH Rl %LRFKHBRV.WRSIK&UWSIOW]HFKQ
ODUWLQVULHG *HUPDQ\

SOLW]NR#ELRFKHP PSJ GH

/LIRKW ODPHOODU SUHSDUDWLRQ LV DQ HVWDEOLVKHG PHYV
LWV LQWURGXEMWLBY KDV FUDRKHU UDUHO\ EHHQ XVHG TXL!
SUHSDUDWLRQ RQ WKH JULG ZKLFK RDWR (@RXWAERIRRMH SD U\
PXVW DVN :K\ LV WKLV VR" IX}® ZURDORW R WEUARR HW & RIGV E H
UHDG\ IREBIWDNH

'V WKDW GXH WR WKH VDPSOH" :HOO ODUJHU VDPSOHV VX
WKDW QHHG WR EH IURJHQ XQGHU KB RR/ \§ UH ¥AKRAW BRI HDJGIVL Q C
WKDW P DIQQVDHWHEQWHBKH QXPEHU Rl DGRSWHBRBYHRRROG EH
UHDPODPH LW RQ WHKB O/DPB\EH SDUWO\ EHFDMWHKIQX SU
+3)DQG WKH UHVXOWLQJ L BH | TIXFOXGDLBAR FRYDY EENGANM KM U H LV

QR ZD\ WR DVVHVV WKH LFH TXDOLW\ EHIRUH IXUWKHU SUH
DIWHU WKH ILUVW 7(0 LPDJH GRHV RQH NQRZ ZKHWKHU WKF
V WKDW G XH6VBRLW KW UXPRIZA W R IRMWR XWEZEHEBYV LQ PDWHULL
VFLHQFH WKHUH VKRXOG EH QRWKLQJ VWRS/SIRBIOHW IUR
+RZHYHWUBMFWLRQ RI O FRIQV®P HQLV WD®EHYROX P, LPDJLQJ
RU LQWHJUDWHG &/70 ®HH ORBQBIDERBGLQJ DQG ORDGLQJ

VDPSOHV LV VWLOO PDQXDO D GG SMKQHFHERW HDQINUK H OX X)F Wi
UDWH ZDV RULJLQDOO\ OHVV WKMEOR ZBIQWD QW IIARA\ EODPH \
LQVWUXABQWPD\EH SDUWLDOO\ RWLDIEF i PBMAH ZLIV& UBPOLX
ORZ DQG XVLQJ KLJKHU FXUUHQWV LV FRPSURPLVHG GXH

UHVXOWLQJ ODVIHWWISRWDVLUHS RQ WKLV ZRXOG UHTXLUH
SODVIFRMR XUFHV ZLWK KLJKHU D EHD@W\L R\GR LPIDHHEBOIQ@ F X U U
VDPSOHV UHDGLO\DBOMWFDOVHOHNKH ZKROH SURFHGXUH IRU
ODPHOORP +3) VDPSOHV ZKBIGWXRNP SOBWRDOHHGY WR EH

VWUHDPOLQHG DQG DXWRPDWHGDWE KIMHARIRIGORUH HIILFLHC
,Q RXU SUHVHQWDWLRQ ZH UHSRUW RQ WKH ODWHVW GHYH
RI WKRXOAL ISWRAHY®VR DUH VKRZFDVLQJ WKH LQWHJUDWLR
PLFURVFRSHV LQWR WKH ),% FKDPEHU IRU |XJMHSDX\D RRRWY
ZRUNIOR@WQDOO\ SHUVSHFWLYHV DQG SUHOLPLQDU\ UHVXO
DQG SR\VEVEBEDYJ RIWWWR LQFUHDVH WUDQVIHU HIILFLHQF\
RXW RI PXOWLFHOOXODU VRHIFLPHQV UHDG\ IRU WDNH

SHIHUHQFHYV

> @ 6FKDIITHU HWUMHB W KR ®/NV

>@ -XED HWRXW Q DOFRIRSBF

>@ 60XPSH HWLDI® H

>@ 60XPSH HW DO OLFURVFRS\ 7RGD\
>@ GPHHWW DO OLFURVFRS\ 7RGD\
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3HL\L :D@KXDQJ /LXQJ :XXWDQJ )X

BRXWKHUQ 8QLYHUVLW\ RI 6&UMRF&H QTHFK QRORJ\
' XH\XDQ $YHRNEA]KHQBEKLQD

ZDQJIJBVXVWHFK HGX FQ

&KURPDWLF DEHUUDWLRQ &F LV SUHVHQWHG DV LPDJH EO
RI 7(0 FDXVHG E\ HQHUJ\ VSUHDG RI WKH LQFLGHQW HOHF
SDVV WKURXJK D VSHFLPHQ ,W LV WKH PDL@R#HPLIKIHUIL FIDK
DEHUUDWLRQ GWRKDMHEWHG ERUIWIBFR(RDY EHHQ SURYHQ YF
XVHIXO LQ SK\VLFV DQG PDWHULDOV VFLHQFH UHVHDUFK D\
IXQFWLRQ &7) RI 7(0 WR KLJKHU VSDWLDO IUHTXHQF\ DQG
LPDJH WKLFNW SHRAURHIGYDQWDJHV DUHOHV®HWMH O OHIGRA H
VWUXFWXUDO ELRORJ\ HOHFMALRQ ONRRR)TJB DR RAHRAW UR Q
WRPRJUDSK\ FDQ UHVROYH WKH VWU X RV WKHI\ R IQ D MRORII VK
DQG FRPELQHGVRIPRKUWIXE DYHUDJLQJ L WGDFHIRZXODW URXLFR/DR
WR REDWDXERDQRPHWHU UHVROXW IGRQYRWMSHILRPHWQWKH &F
FRUUHFWRU KDV QRW E@H\MWSSOWHG UBFHOQR O\ 7KH ILUVW
FU\@ LV FXUUHQWO\ EHLWEGHRQWW B O QH&Q DHFHLUAVAFMH RQ G
7THEKQRORJ\ 6867HFK LQ &KLQD 7KLV WDON ZLOO SUHVH(
LQVWDOODWDRG SWRU H[SHULHQFHV Rl WKLV PLFURVFRSH
ZLOO IRFXV RQ WKH FRKHUHQWORFRBJHQHRWUWRRN &RQ HWIQ
FRUUHFWHGDRUWRZKHWKHU WKHVH LQHODVWLF HOHFWURQV
(0 PHWKRGV VXFK DV VLQJOH SDUWLEFOHORE© DQ@DWL VU B § % ORN
SUHVHQWHG DQG GLVFXVVHG
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+RQJ\X 6XQ $QQH JUDQFH %HNHU - 7LMQ YDQ 2PH
+ +XJR 3pUH] . ("DUPPODGW

'(16VROXWLRQMWPRDWLFDODDQHOIW 7KH 1HWKHUODQG
HYD EEO®GKBGWNV VR PPRPLRQV

+DYLQJ WKH FDSDELOLW\ WR HQDEOH HOHFWURQ PLFURVEF
KDV EHHQ DWWUDFWLQJ PXFK LQWHUHVW |URVLWIK®ILWE LM E
YLVXDOL]H LQ UHDO WLPH WKH G\QDPLF PHFKDQLVPV RI
OLTXLG QDWXUH DV D IXQFWLRQ RI VWLPXOL VXFK DV KH
YDULHW\ RI RSSRUWXQLWLHV LQ ILHOGV OLKNRUHRWLREQ V)
PDWHULDOVDQGWHKHNIWFLHQFH DSSOLFDWLRQV

+HUHH ZQWURGXFH D VLWWKHO LITRAL & BKQWIHG WWXIGH HFUDQVP L
(OHFWURQ OLFURVFRS$HHUIMHG WR DV WKH)LGWUHIDXRV 6\VW H
VIVWKPHV D OLFURHPKBE@WFDO 6\VWEHPVHGOGEGHYLFH DV D VF
VDPSOH FPIWXIWHZKLFK FRQWDLQV DQ LQWHJUDWHG VHW R
HQDEOWL. W@ HOHFWURFKHPLVWU\ RU DQ LQWHJUDWHG PLF
H[SHULPHQaVV

+LVWRULFED3OQO0 FRRIKPXQLW\ KDV EHHQ IDFLQJ VHYHUDO FKI
XQFRQWUROOHGWRLFXQHBHEW \BUHFW WKH LPDJLQJ UHVROX
DQDO\WLFDO WHFKQLTXHV VXFK DV HOHFWURQ GLIIUDFW
FROQOWUWR@BLMUFURIOXLGLF HQYLURQPHQW DURXQG WKH VDI
KDV SURYHQ WR EH H[WUHP KOV R KOHNWKHMI@®VHG VDPSOH
FDUUWRUDNG G UHNMRKRB OH RUHBHUQWR SURYLGH PHOQIQIJIIXO |
WKLV WDDINOZKLIJKOLIJKW DQG GLVFXVV WKH NWKHHDWX
'(16V R O X VMRUFEDWPW H P

)L 7KH WLS RI WKH HQY)LJ 7KH O(0OEDVNGPSOH FD
KROGHU RI WKH 6WUHDP KLJKOLJKWIG@H LI ABORA FUF
FKDQQHO

SHIHUHQFHV
> ®) %HNHU HWERQQRVFDOH
>@ 7 YDQ 2PPH HW:BOODWHU &KHP &
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6DOHK *RUUMIKLWD 3BN{D/@GHVWHQJ 3DQ

$PHWHN *PE+ %8 (07 ('$:; *DWDQ S8QWHUVFKOHLVVI
*DWDQ ,QF 3OHDVDQWRQ &$ 86%

VDOHK JRUML#DPHWHN FRP DQD SDN]DG#DPHWHI

JRXU GLPHQVLRQDO VFDQQLQJ WUDQVPLVVLRQ HOHFWURQ |
PRUH SRSXODU LQ FRUUHODWLYH DQG FRPSUHKHQVLYH H
FRPPHUFLDO HOHFWURQ GHWHFWLRQ FDPHUDV DUH PDGH F
67(0 H[SHULPHQW WKH UHJLRQ RI LQWHUHVW LV VFDQQHG
XVLQJ D VFDQQLQJ SUREH ZKLOH D ' GLIIUDFWLRQ LPDJH L
RQ D KLJK VSHHG SL[HODWHG HOHFWURQ GHWHFWRU FDPH
LQVWDOOHG SUH RU SRVW DQ LPDJLQJ ILOWHU RQ WKH PLF
VLIJQDO WR QRLVH UDWLR GLIIUDFWLRQ LPDJHYV DUH FDSWX
HOHFWURQV XVLQJ DQ HQHUJ\ VOLW :H KDYH SUHYLRXVC
HQHUJ\ ILOWHUHG ' 67(0 XVLQJ IDVW GHWHFWLRQ DQG UHLE
GHWHFWLRQ FDPHUD LQ D *,) &RQWLQXXP . V\VWHP . F
PRQROLWKLF WUDQVPLVVLRQ GHWHFWRU ZLWK D WKLQ ORZ
VSUHDG IXQFWLRQ 36) DW KLJK N9V 7KH VKDUS 36) HQVX
HOHFWURQ GHWHFWLRQ WKXV KLJK GHWHFWLRQ TXDQWX

N9 KRZHYHU WKH 36) LQ PRQROLWKLF GHWHFWRUV VW
'4( 7R DGGUHVV WKLV ZH KDYH UHFHQWO\ LQWHJUDWHG L
*DWDQ B6WHOD LQ WKH *,) &RQWLQXXP . 6WHOD FDPHU
HOHFWURQ WHFKQRORJ\ ZLWK H[FHOOHQW 36) DW ORZ NGO
FRXQWLQJ ! ISV DQG KLJK G\QDPLF UDQJH HVVHQWL
DSSOLFDWLRQV 7KH *,) &ROQWLQXXP VI\VWHP ZLWK ERWK W
WKH HQWLUH UDQJH RI N9 )LJ DOORZLQJ IRU HQHU.
D ODUJH YDULHW\ RI VSHFLPHQV EDWWHULHY ' PDWHULTL
FHUDPLFV PHWDOV DQG VHPLFRQGXFWRUV $GGLWLRQDOC
ZLWK 'LJLWDOOLFURJUDSK VRIWZDUH DQG SUH RSWLPL]HG
TXDOLW\ GDWD DFTXLVLWLRQ DQG SURFHVVLQJ LUUHVSHF)
FRPSOH[LW\ RI WKH H[SHULPHQWY LQ D QXPEHU RI GLIIHU
PDSSLQJ YLUWXDO LPDJLQJ DQG GLIIHUHQWLDO SKDVH FR

)LJ , QWHJUDWHG *,) &RQWLQXXP . VA\VWHP ZLWK 6WHOD &
LPDJLQJ DQG GLINTUDFWLRQ IRU WKH HQWLUH UDQJH RI
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3KLOLSS :DFK\DRXWIO 5HLQKDUG

-(2/ *HUPDQ\ *PE+ )UHLVLQJ *HUPDQ\
UHLQKDUG#MHRO GH

JEOL-IDES beam blanking and deflection technologies are powerful tools which can
upgrade existing TEMs with time resolution enabling new applications and explorations
of dynamics of specimens across a range of very fast time scales. The optional
Electrostatic Dose Modulator (EDM), a fast beam blanking system the beam ca be
switched on or off in less than 50 ns. This 100,000x improvement in blanking speed
immediately improves the clarity of data taken at fast exposure times. EDM can also
very easily attenuate the electron beam intensity without affecting imaging conditions,
giving TEM and STEM users exceptional control over the dose on their samples.
Cutting-edge electronics and software add-ons unlock advanced applications such as
temporal dose structuring and STEM synchronization.



USE OF PICO-TYPE MICROSCOPY TECHNIQUES TO
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A recently developed refractory MPEA, AIM00.5NbTa0.5TiZr, exhibits an interesting
microstructure with an ordered B2 phase being the matrix and a disordered bcc phase
being the precipitate, unlike the conventional Ni-based superalloys where the ordered
phase (O is the precipitate and the disordered phase is the matrix ( J. Specific heat-
treatments have been employed which have been designed to yield mechanistic de-
tails of the phase transformation pathway leading to the final microstructure. Based on
these experiments, it appears that the pathway includes conditional spinodal decom-
position, phase separation, and congruent ordering and disordering transformations.
A critical parameter that influences the final microstructure is the interfacial energy
between the ordered and disordered phases, and so the properties of the interfaces,
for example, the misfit between the bcc and B2 phases, have been studied in detail.
These experimental determinations are being used to develop a phase field model of
the phase transformation pathway of this alloy, and this model is being employed to
provide predictions of heat-treatments that will result in optimized microstructures. Of
interest is the ordering scheme for the B2 compound, and attempts have been made
to determine the sublattice occupancy using spatially-resolved XEDS spectroscopy in
an aberration-corrected (S)TEM. Finally, the deformation mechanisms that are acti-
vated in this alloy have been studied and been shown to involve dislocation glide of
closely coupled superlattice pairs.
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6ULVZDURRS $EXDVKHN 65D VKL %YDQHUMHH

8QLYHUVLW\ RI 1RUWK 7H[DV 'HSDUWPHQW RI ODWHULDOV
1 (OP 6WUHHW '"HQWRQ 86%

UDM EDQHUMHH#XQW HGX

SHIUDFWRU\ KLJK HQWURS\ DOOR\V 5+($V DUH SURPLVLQJ
KLJK WHPSHUDWXUH PDWHULDOV 7KH PLFURVWUXFWXUH V
DFKLHYHG LQ 5+($V FRQWDLQLQJ $O DOEHLW ZLWK D FRPI
RUGHUHG % SKDVHV 6LQFH WKH RUGHUHG % SKDVH LV I
GLVWLQJIJXLVKLQJ WKHVH WZR SKDVHV FDQ EH UDWKHU FKD¢
WHFKQLTXHV DUH QHFHVVDU\ IRU D UHOLDEOH TXDOLWDW!|I
DQG % SKDVHV LQ 5+($V $GGLWLRQDOO\ WKHUH LV D W
RUGHUHG % SKDVH LQWR PRUH FRPSOH[ RUGHUHG RPHJD
GHOHWHULRXV WR PHFKDQLFDO SURSHUWLHV 7KH FXUUHQ"
RI D FDQGLGDWHORB+{E7¥Q@=U 7KH XVH Rl FRUUHODWLYH
HOHFWURQ PLFURVFRS\ 7(0 DQG DWRP SUREH WRPRJUDSK
SKDVH WUDQVIRUPDWLRQ SDWKZD\ ZKHQ WKLV 5+($ LV LVF
7KH UHVXOWV VKRZ WKDW D PHWDVWDEOH WZR SKDVH %&&
VWDJHV RI GHFRPSRVLWLRQ ODWHU WUDQVIRUPV LQWR
PLFURVWUXFWXUH 7KH K3 SKDVH LV DQ RUGHUHG RPHJD
RUGHUHG % SKDVH 7KH FRUUHODWLYH 7(0 DQG $37 UHV
VWUXFWXUDO DQG FRPSRVLWLRQDO FKDUDFWHULVWLFV RI
HYROYH GXULQJ & DQQHDOLQJ

yLJ % DEWWHUHG 6(0 PLI)LJ &RUUHODWLYH 7(0 $37 RI
WKH PLFURVWUXFWXUD®& SIKBOKWLRQR\DWRXFWXWH LQ
OLFURVWUXFWXUH LQ D VRRPXGILWRIQROHGDFEQ®BERW IRQUHJILR
DIWHU DQQHDOLQJ IRU E %&&QSWHWMIAKBQ KUV
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(OLVDEHWK 7KURQWHIPLIO ) &KULVWLDQVHQ
7RU ,QJH 7TKRIKIHIP L S3DXROXH 0LGIOH\YDQ +HOYRRL
5DOGL +ROPHVWDG

1RUZHJLDQ 8QLYHUVLW\ RI 6FLHQFH DQG 7THFKQRORJ\ 171

+i\VNROHULQJHQ 7TURQGKHLP 1RUZD\
1718 'HSDUWPHQW RI &KHPLFDO (QJLQHHULQJ 7TUR
1718 6), 3K\VOHW 7TURQGKHLP 1RUZD\

8QLYHUVLW)\ Rl &DPEULGJH 'HSDUWPHQW RI ODWHULDOV
&KDUOHV %DEEDJH 5RDG &DPEULGJH &% )6 8.
UDQGL KROPHVWDG#QWQX QR

,Q VFDQQLQJ SUHFHVVLRQ HOHFWURQ GLIIUDFWLRQ 63(" |
UHJLRQ RI WKH VSHFLPHQ ZKLOH D SUHFHVVHG GLIIUDFWL
SUREH SRVLWLRQ FUHDWLQJ D ' GDWDVHW IURP D UHODYV
GDWD IURP DJH KDUGHQDEOH DOXPLQLXP $0 DOOR\V FDC
UHODWLYH SKDVH RFFXUUHQFH RI QDQRVFDOH SUHFLSLWI
DQDO\WLYV PHWKRGY WKH PHWKRGV ZHUH DSSOLHG WR PRG
DOOR\ FRQWDLQLQJ SUHFLSLWDWH SKDVHV GLVWLQJXLVKD
DFTXLUHG LQ D > @$0 ]JRQH D[LV XVLQJ D -(2/ ) HTXLS
VIVWHP DQG D 4' OHUOLQ GHWHFWRU B6LQFH WKH SUHFLS
UHODWLRQVKLSV 25V WR $0 WKH GDWD RQO\ FRQWDLQ
SDWWHUQV 7KLV IROORZV IURP WZR SUHFLSLWDWH SKDV
SRVVLEOH 25V UHVSHFWLYHO\ )LIJXUH VKRZV WKH YLUWX
W\SLFDO GDWDVHW DORQJ ZLWK H[DPSOHV RI WKH ILYH XQL
GDWD DQDO\VLVY PHWKRGYV ZHUH WHVWHG RQ WKH GDWDVHW
RI VSHHG DQG DFFXUDF\ 7KH PHWKRGV LQFOXGH QRQ QI
WHPSODWH PDWFKLQJ D YHFWRU EDVHG DSSURDFK DQG
HVWDEOLVK D UREXVW DQG XQELDVHG ZD\ RI REWDLQLC
GLVWULEXWLRQV LQ $O DOOR\V $00 GDWD DQDO\]HV DUH
IRU PXOWL GLPHQVLRQDO GLIIUDFWLRQ PLFURVFRS\ 3\:HP =

)LJ 9') LPDJH RI D W\SLFDO GDWDVHW IURP DQ $0 &X /L C
D[LV DORQJ ZLWK H[DPSOHV RI WKH ILYH XQLTXH SUHFLSL\

SHIHUHQFHV

> @XQGH 0ODULRDUD &' YDQ +HOYRRUW $7- +ROPHVWDG 5
M PDWFKDU

> @WWSV__JLWKXE FRP S\[HP S\[HP
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- +DQ - 6URORVYIMGE] = *XR <DQJ/ .RQI/ +X

% & <LQ +XD®J& ODR: &KHQ 0D7 =KX =KDQJ
DQADRGRQJ +DQ

%HLMLQJ 8QLYHUVLW\ RI 7 HKKQBEQRIIQ D
=KHMLDQJ 8QLYXKWIQUWDQJ 5G +DQJ]KRXKLQD 3

[GKDQ#EMXW HGX FQ

+RZ WR FKDUDFWHUL]H DQG PHDVXUH WKH LQWHUIDFH SKH
LV RQH Rl WKH PRVW IXQGDPHQWDO TXHVWLRQV > @ *UDLC
7% DUH WZR W\SH LPSRUWDQW DQG IXQGDPHQWDO LQWHL
WR AXDMHUL]H DQG PHDVXUH JUDLQ WZLQ ERXQGDU\ SODVV
SDUWLFXODUO\ DW DWRPLF VFDPRUUHPDHG WHDQYRQVNQR
PLFURVFRSH EURXJKW WKH FKDUDFWHUL]DWLRS VRIDPMWH U |
ZKLFROEEOH WR FKDUDFWHUL]H WKH DUUDQJHPHQW RI LQGL)
SODQHV DQG WKHLU FKHPLVWU\ HYHQ HOHFWURQLF VWDW!|
WKH FKDUDFWHUL]LQJ DQG PHDVXULQJ RI SODVWLFLW\ SUR
DWLPFURVFRSLF OHYHO SDUWLEFXODUO\ DW QW®RUPQG DW
HOHFWULFDO IXQFWLRQDO LQVWUXPHQWYV DU$ GHDWHLIDROS H
UHVROXWLRQHLRKYWGPBHELOLWLHY > @ %\ PRQLWRULQJ DQ
ERXQGBIQBWWLFLW\ DW DWRPLF OHYHO LW LV GLVFRYHUH
WLOW JUDLQ ERXQGDULHV VOLGH E\ LQWULQVLF GLVORFD)
VOLGH > @ 7KH LQWHUDFWLRQV RI VOLGLQJ H[WULQVLF
GLVORFDPW FUHDWHY GLVORFDWLRQ RN SORAHXYERFRI I
LQWHUDFWHG *9% IGAPRORFHDAMNLIRRY SDLUV DFFRPPRGDWH *%
WUDQVIHUV )RU WKH 7% GLVORFDWLB@OWSLQL SHPOWOXSUB @
XQFRYHUP®O)LZH UHSRUW D QHZ QXFOHDWLRQ URXWH RI
DOWHUQDWHG VWDENLQJ IDXOWV WR GHWRXU WKH H[WUH
FU\WWWDOOLQH 3W ZKLFK LV LQ FRQWUDVW WR WKH FODVVL
URXWH IRXUF@EXQ Q
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:D\QOH ' .DSODQ

7HFKQLRQ + ,VUDHO ,QVWLWXWH RI 7THFKQRORJ\ 'HSDUWTF
(QJLQHHULQJ +DLID ,VUDHO

NDSODQ#WHFKQLRQ DF LO

7TKH IXQGDPHQWDOAD RURWKERIEBLFHHY RI ITUHHGRP RI JUDLQ
*%V KDV EHHQ D WRSLF RI UHVHDUFK OHDGLQJ WR FRQF
FRLQFLGHQW VLWH ODWWLFH &6/ DQG JHQHUDO DVSHFW\
JURZWK > @ 6 WRIGHWHR/V RRIBEBEHHY RI [UHHGRP RI *%V KD
GHSHQGHQW RQ DGYDQFHG HOHFWURQ PLFURVFRS\ DQG VS
DWRPLVWLF VLPXODWLRQV EXW XVXDOO\ OLPLWHG WR VS
QHFHVVDULO\ SOD\ D UROH LQ PLFURVWUXFWXUDO HYROXMW
PDWHULDOV I1HYHUWKHOHVY WKHVH H[SHULPHQWY KDYH
WKH DWRPLVWLF DVSHFWV RI JUDLQ ERXQGDULHY DQG LQW

,Q UHFHQW \HDUV LW KDV EHFRPH FOHDU WKDW ' WUDQVL)
WR VLJQLILFDQW FKDQJHV LQ *% NLQHWLFV DQG PD\ EH FR
VXFK DV HPEULWWOHPHQW > @ )RUPDOO\ WKHVH WUDQVL\
VWUXFWXUDO V\PPHWU\ DQG FKHPLVWU\ RI DQ LQWHUIDFH
LOQWHUIDFH WKHRU\ > @ 'XH WR OLPLWDWLRQV RQ WKH
VWUXFWXUH Rl JHQHUDO KLJK DQJOH *%V PRVW WUDQVLWL
LQ FKHPLFDO H[FHVV RU HYHQ HUURQHRXV PHDVXUHPHQW
UHFHQWO\ LW KDV EHHQ K\SRWKHVL]HG DQG H[SHULPHQWLE
PRWLRQ LV WKH PHFKDQLVP IRU JUDLQ ERXQGDU\ PRWLR!
GLVFXVV WKH UROH Rl VROXWH DGVRUSWLRQ DV LW LQWHL
PRWLRQ DQG WKH SRVVLEOH UROH RI *% WUDQVLWLRQV RQ
([DPSOHV GHPRQVWUDWLQJ WKH FKDOOHQJHV IRU DGYDQ
VSHFWURVFRS\ ZLOO EH GLVFXVVHG

SHIHUHQFHV

> @ : %ROOPDQQ 6XUIDFH 6FLHQFH

> @ 7 +|FKH HW DO - $PHU &HU B6RF

> @ 6 - 'LOORQ DQG 0 3 +DUPHU $FWD ODWHULDOLD

>@ 0 7DQJ : & &DUWHU 50 &DQQRQ 3K\WLFDO 5HYLHZ %
> @ 7 OHLQHUV HW DO 1DWXUH

> @ & - ODUYHO HW DO - $PHU &HU B6RF

> @ & :HL HW DO - OHFKDQLFV DQG 3K\VLFV RI 6ROLGV

> @ + 6WHUQOLFKW HW DO 6FULSWD ODWHULDOLD
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'LHUN 5DDEH) 0QDOGL 5 B6RXIDXYNEBKFSULQJIHU

OD[ 3ODQFN ,QVWLWXW leU (LVHQIRUVFKXQJ '-VVHO

G UDDEH#PSLH GH

ORUH WKDQ ELOOLRQ WRQV Rl VWHHO DUH SURGXFHG HY
LPSRUWDQW DOOR\ LQ WHUPV RI YROXPH LPSDFW DQG FRF
VXVWDLQDELOLW\ HQDEOHU WKURXJK OLJKWZHLJKW FDU S
DQG PDJQHWYV LWV SULPDU\ SURGXFWLRQ LV WKH RSSRVL\
\HDUV IURP R[LGLF RUHV XVLQJ FDUER QSHWM/RRUR IGXH Y
VWDQGLQJ IRU ! RI WKRH.VQREQWY 182 PDQXIDFWXULQJ 'UDV
WKHVH HQRUPRXV SULPDU\ JUHHQKRXVH JDV HPLVVLRQV L\
FKDOOHQJH RI RXU JHQHUDWLRQ
'KLOH FXUUHQW WUDQVLHQW VWUDW H HPHW \E\RIQQ &/X)\DVE U Q R
PDVVLYH XQGHUJWRWRUD &2 PDWHULDOV VFLHQFH FDQ KH
VXVWDLQDEOH DQG FRPPHUFLDOO\ YDIYRQ B D/REOHKWLERQV IR L
ORUH VSHFLILF HPLVVLRQV FRXOG EH UDGLFDOO\ UHGXF
K\GURJHQ FRQWDLQLQJ UDGLFDOV SURWRQV RU HOHFWURZC
KHDW VRXUFHV IRU PHOWLQJ VFUDSV > @
7KH OHFWXUH SUHVHQWY VRPH UHFHQW SURJUHVV LQ XQC
EHKLQG WZR Rl WKHVH DSSURDFKHV QDPHO\ K\GURJHQ
K\GURJHQ EDVHG SODVPD UHGXFWLRQ > @ 7KH NLQHWLFV
RQ PDVV WUDQVSRUW NLQHWLFV LQ WKH R[LGHV QXFOH
WUDQVIRUPDWLRQV WKH R[LGHYV FKHPLVWU\ DQG PLFUR
IUDFWXUH DVVRFLDWHG ZLWK WKH SKDVH WUDQVIRUPDWL
RFFXUULQJ GXULQJ UHGXFWLRQ 8QGHUVWDQGLQJ WKHVH
EDVHG UHGXFWLRQ RI LURQ RUHV WRZDUGV KLJK PHWDOOL
YLDEOH HQDEOLQUROGXVWYLR @Y

SHIHUHQFHYV

> @ 5DDEH ' 7DVDQ && 2OLYHWWL ($ 6WUDWHJILHV IRU LP*¢
VWUXFWXUDDWPHMIDOV 1RY

> @ 6+ .LP ; =KDQJ < 0D ,5 6RX]D )LOKR . 6FKZHLQDU HW
PLFURVWUXFWXUH DQG DWRPLF VFDOH FKHPLVWU\ RQ WKH
K\GURJHQ DW f & $FWD ODWHULDOLD

> @ ,5 6RX]D )LOKR < 0D 0 .XOVH ' 3RQJH % *DXOW HW D
K\GURJHQ SODVPD UHGXFWLRQ RI LURQ RUH 3URFHVV NLQ
$FWD ODWHULDOLD
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6LPROH ODAMWBHHO\ 3R2OEYLHU FHPKRU ODQXHO $UP
*RPH]&KULVWRSKHU 5RVVL

(XURSHDQ OROHFXODU %LRORJ\ /DER U DOW RHU KEI%W,PPDJLQ
+HLGHOBHIPID Q\
(XURSHDQ OROHFXODU %LRORUWH (DERUD WRAE X(H %6/H V
ODUW\UV &6 *UHQREOH )UDQFH
(XURSHDQ OROHFXODU %LRORJ\ IDERUDWRU\ 6WUXFWXUDC
OH\HUKRIVWU +HLGHOSHIPID Q\

VLPRQH B DBI\WRMIGH

&U\RJHQLF HOHFWURQ PQLFDRORZIA WRI\RQYHVWLIDWH WK
ELRORJLFDO VSHFLPHQWR LSK\DLEORMHDO FRQGLWLRQ E
PDFURPROHFXOHV RI LQWHUHVW YLWU L EX GHIBLWASK. MOH EW R A K |
LIUHVVLYH GHYRIORBPUWRWARS\ KDUGZDUH DQG LPDJH SUR
WKDW FR QWK IE XVRHENVRBOE W LR G WHKH BOXEDRQ WXRQLRI\KLJ
VSHFLPHQV LV RIWHQ WWHK H GRHWH.DRR R MEREDE FWXUHYV E\
FU\R > @Q WKHGEBD®H) HIIRUW KDV EHJXQ WR GHYHORS PI
YLWULILFDWHR® POIWXIRGNSRVLWLRQ RI PLQLPDO VDPSOH Y
VSUHDGLQJ DQG UDSL®@ YHLWSWMWHF DM HR® HIFGWRQBHVHFH
DOWKRMIKRUHWLFDOO\ SRVVLE OMK DR JKSEKWH @ WUW K 8 LIQLIJ R
DUUDRRRQGLWLRQV LV SUDFWH PRO M VX ® N WHDIOMRIEROR-I K S X W
FU\@ ODERUDWRU\ E\ GHYHORSLQJ DXWRMHDWHGPELEHOLC
VDPSOH ®WHREGB VFUHRR LMPKLY HQG ZH DUH GHYHDRSLQJ
QHMIQHUDWLRQUREGSMQBWIRUP WKDW SURYLGHV FRQWUR
SUHSDUDWLEQVSIHFUPRKH (DV\ZALIO®D HQDEOH IXOO\ DXWRPD\
RI VDPSOHV IRUSEHFRXFIWQRIQ GLLOQMEGXAHWLYDWLRQ RI FD
FRPSRXIRAAMKH LQYHVWLJDWLRF REGWIPM/ROY HG FLUQR
UDSLG YLWULILFDWLRQ RI WKH IWBIRSOBDS ERWILWXILGL FBWK DR
WKLFN VSHRIPIFEQOXODU VWUXFWXUDO ELRORZIMNEBW XGLH\
LPSOHPHQWHG DV VFLHQWLILF VHUYLFH SURMUGHG%WR W
,PDJLQJ &HQWWHQHEWHUYLFH XQLW HQD E GIGIH DHFFHNW UWRR
DQG OLJKW PLFURVHRS\ WHFKQRORJL

SHIHUHQFHYV

> @ 50 *ODHVHU $QQXDO 5HYLHZ RI %LRFKHPLVWU\
> @ 6 $ SUQROG 6 SOEIDHPVSUXAWMUALLRO

> @ 7 -DLQ 3 6KHHKWQDGVEUXPW %LRO

> @ 5 % YH®DL ) - 7THVLMOMO &R PP X

> @ , S5DJLQNRY HW DODOQWHXFW %LRO
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$PDQGD - /HEZDWROLQ RPHQLF % XODJHWD GL )DEUL]
-RKQ * -0 H%BR®QHPLHNH - 0 5R]HPXOOHU
:LOPD ' - YDQ GHtPo@IOUOJ 6WDKOEHUJ

& &,1% LR]JHQWUXP 8QLYHUVLW\ RI %DVHO %DV

'HS $QDWRP\ 1HXURVFLHQFHV $80& 980& $PVWHUGDP

IDE %LRORJLFDO (OHFWURQ OLFURVFRS\ ,3+<6 6% (3).
OLFURELRO )DFXOW\ RI %LRORJ\ DQG OHGLFLQH 81,/

DPDQGD OHZLV#HSIO FK :'- YDQGH%HUJ#YXPF QO KHQQ

3DUNLQVRQYTV GLVHDVH 3' LV D QHXURGHJHQHUDWLYH GL\
PROHFXODU FDXVHV RU FHOOXODU PHFKDQLVPV DUH QRW F
VIPSWRPV EXW FDQQRW VWRS RU GHOD\ WKH GLVHDVH 7KI
LV WKH SUHVHQFH RI LQWUDQHXURQDO DJJUHJDWHV LQ WK
FDQ EH IRXQG DIWHU GHDWK RI WKH SDWLHQWYV 7KHVH
FRQFHQWUDWLRQ Rl WKH SURWHLQ DOSKD V\QXFOHLQ D6\
FDXVH Rl 3DUNLQVRQYV GLVHDVH DQG D GUXJ WDUJHW LC
FDSDEOH RI DJJUHJDWLQJ LQWR SULRQRLG ILEULOV D6\Q F
LQYROYHG LQ D ODUJHU QXPEHU RI RWKHU GLVHDVHV VXFK
RU '"HPHQWLD ZLWK /HZ\ %RGLHV '/% 7KH VWUXFWXUDO D
HOHFWURQ PLFURVFRS\ FU\R (0 ZLOO EH SUHVHQWHG DC
GLIIHUHQW D6\Q ILEULO VWUDLQV ZLOO EH GLVFLVVHG ZK
WKDW PLJKW H[SODLQ WKH YDULDELOLW\ RI REVHUYHG SKH
SDUDOOHO (0 VWXGLHV RI SRVW PRUWHP KXPDQ EUDLQ
XOWUDVWUXFWXUH RI SODTXHV LQ WKH EUDLQ WLVVXH RI
PXOWLSOH VI\VWHP DWURSK\ 06$% ZLOO EH GLVEXVVHG > @

SHIHUHQFHYV

> @ 7ZR QHZ SRO\PRUSKLF VWUXFWXUHV RI DOSKD VI\QXFO
PLFURVFRS\ *XHUUHUR )HUUHMLUD 5 HW DO H/LIH

> @ [/HZ\ SDWKRORJ\ LQ 3DUNLQVRQ V GLVHDVH FRQVLVWYV
PHPEUDQHY G6KDKPRUDGLDQ 6 HW DO IDWXUH 1HXURV



%$&7(5,% &<726.(/(721 9,68$/,=$7,21 %< &5<2
(/(&7521 7202*5$3+< $1' &255(/$7,9(
$3352%38&+ (6
/ILOGD 6DOGERXIKG7DQQOIHNODY 6|]GHUKROP
8PHn 8QLYHUVLW\ 'HSDUWPHQW RI &KHPLVWU\ 8

OLQGD VDQGEODG#XPX VH

&U\R HOHFWURQ WRPRJUDSK\ FU\R (7 SURYLGHV XV ZLW}
DUFKLWHFWXUH DQG PROHFXODU PDFKLQHYV GULYLQJ EDFV
7KH EDFWHULDO F\WRSODVP DQG SODVPD PHPEUDQH LV D F
ELRPROHFXOHYV ZLWK XQLTXH VSDWLDO RUJDQL]DWLRQ D
HQYLVLRQ +RZHYHU EDFWHULD GLPHQVLRQV DQG WKH H
XQGHU QDWLYH FRQGLWLRQV PDNHV WKH WUDQVPLVVLRQ
UDWLR OHVV IDYRUDEOH IRU FU\R (7 RI EDFWHULDO VSHFL
IRFXVHG LRQ EHDP FU\R ), % SUHSDUDWLRQ FRUUHODW
PLFURVFRS\ DV ZHOO DV VSDWLDO SURWHRPLFV LQ FRPELQI
LPSRUWDQFH IRU YLVXDOL]DWLRQ RI FHOO YROXPHYV DW Qt
(OHFWURQ OLFURVFRS\ 8&(0 ZH SUHSDUH HOHFWURQ WULI
EDFWHULD FXOWXUH E\ FU\R ), % PLOOLQJ /DPHOODV DUH \
DQG ' LPDJH UHFRQVWUXFWLRQ XVLQJ WKH ,02' VRIWZDUH
EXW KLIJK UHVROXWLRQ LQIRUPDWLRQ :H XVH FRUUHODWL
VWXG\ WKH I1LODPHQMWRXH'S &/HRPWHHMDER\HHOUFFHR®IRDDW H ILODPF
SURWHLQ )LO3 %DFWHULDO LQWHUPHGLDWH ILODPHQW OLN
E\ WKHLU VHFRQGDU\ DQG WHUWLDU\ VWUXFWXUDO FKDUDF
IRXQG WKDW SXULILH®)YD@WR OARHRN.]JHHUDQFKHG UHSHDW
ILODPHQWY DQG QHWZRUNV ZLWK D QP UHSHWLWRYH XQL
YLWOWR/HPEO\ RI )LO3 DQG ZHUH DEOH WR EXLOG D ' PRG
VWUXFWXUH > @ 7KH FHOOXODU ORFDOL]DBW.EBRSRNREBUOCRBHNV
SRODULVRPH FRPSOH[ 2QH RI WKH SRODULVRPH SURWHL(
WDJJHG ZLWK *)3 WR JXLGH FU\R (7 GDWD FROOHFWLRQ \
KHWHURPRUSK DSSHDUDQFH RI )LO3 ILODPHQWY LQ DQD
PDNHV (7 DQG ' UHFRQVWUXFWLRQ PHWKRGV FUXFLDO Wi
VSDWLDO RUJDQL]DWLRQ

)LJ )LO3 EDFWHULD LQWHUPHGLDWH OLNH F\WRVNH

SHIHUHQFHYV
> @ 1 6|GHUKROP % 6LQIOK6DAGBROLBH INQ@ 6WUXFW %LRO

>@ $ -DYDGL 1 6|GHUKROP $ 20RIVVRQ . )OIUGK DQG /
$OOLDQFH
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$UMHQ - -BN\VREDQ 7 +XHEGUW (YHUYV

'"HOIW 8QLYHUVLW\ RI THFKQRORJ\ '"HSDUWPHQW RI %LRQ
IDQRVFLHQFH 9DQ GHU ODDVZHJ += 'HOIW 7KH

D MDNREL#WXGHOIW QO

&U\RJHQLF HOHFWURQ PLFURVFRS\ KDV EHFRPH DQ HV
GHWHUPLQDWLRQ RI ELRORJLFDO PDFURPROHFXOHV 'HVSL
GLIILFXOW\ WR UHOLDEO\ SUHSDUH VDPSOHV ZLWK XQLIRL
VDPSOH ORVV GXULQJ JULG SUHSDUDWLRQ VWLOO SUHVH
UHVROXWLRQ LPDJLQJ DQG OLPLW WKH FXUUHQW WKURXJK
WHFKQLTXHV HPSOR\HG IRU OLFUR 1DQRHOHFWURPHFKDQL
RSSRUWXQLWLHVY WR PLQLDWXULVH DQG DXWRPDWH FU\R
VKRZQ WKDW 0(06 EDVHG QDQRIOXLGLF VDPSOH VXSSRUWYV
EH XVHG WR SUHSDUH FU\R (0 VSHFLPHQV ZLWK UHSURGXF|
VDPSOH YROXPHV > @ 7KH VDPSOH VROXWLRQ LV FRQW
QDQRFKDQQHOV WKDW SURYLGH XQLIRUP WKLFNQHVV JUD
DQG HOLPLQDWH WKH SRWHQWLDOO\ GHVWUXFWLYH DLU .
SRVVLELOLW\ WR SHUIRUP KLJK UHVROXWLRQ VWUXFWXUF
VSHFLPHQV %HVLGHV WKH SRVVLELOLW\ WR GHYHORS RXU
KROH\ VXSSRUW ILOPV QDQRIDEULFDWHG VDPSOH VXSSRI
DXWRPDWH WKH FU\R (0 ZRUNIORZ DQG WR H[SORUH QHZ IL
VXFK DV WLPH UHVROYHG LPDJLQJ DQG KLJK WKURXJKSXW

SHIHUHQFHV
> @ 6 7 +XEHU ( 6DUDMOLF 5 +XLMLQN )IDRBRVOXHEGIFHU\
FKLSV IRU FU\R (0 VWUXFWXUH GHWHUPIHQDWLIRQ IURP SLFF
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6WHIDQLD 7BX1I®RD 'KXUDGRKNODQO (IUHPRY

&HQWHU IRU 6WUXFWXUDO %LRORJ\ 90DDPV ,QVWLWXX\
%HOJLXP

6WUXFWXUDO %LRORJ\ %UXVVHOV 'HSDUWPHQW RI %L

9ULMH 8QLYHUVLWHLW %UXVVHO %UXVVHOV ¢

URXVODQ HIUHPRY#YXE EH

6LQJOH SDUWLFOH FU\RJHQLF HOHFWURQ PLFURVFRS\ FU
UHVROXWLRQ VWUXFWXUHV Rl ELRORJLFDO PDFURPROHFXO
FU\R (0 PXOWLSOH FRQIRUPDWLRQDO VWDWHY SUHVHQW L
UHVROYHG DQG FRQIRUPDWLRQDO IOH[LELOLW\ DV ZHOO C
SURWHLQV DQG SURWHLQ FRPSOH[HV FDQ EH LQIHUUHG SU
PHFKDQLVPV RI WKH VWXGLHG SURWHLQV &U\R (0 FDQ EH

DUH SHUIRUPLQJ WKHLU IXQFWLRQ KRZHYHU HVWDEOLVK
SUREH WKH GLVWULEXWLRQ RI IXQFWLRQDO VWDWHYV HTXLC
UHVXOW WKH FRQIRUPDWLRQV ZLWK VKRUW OLIHWLPHYV

YLWULILFDWLRQ VSHHG FU\R (0 SHUPLWV VWXG\LQJ SU
PLOOLVHFRQGY RU HYHQ PLFURVHFRQG WLPHVFDOHV ZKLFF
RI UHDJHQWY IROORZHG E\ WKHLU DSSOLFDWLRQ RQWR D F
IUHH]LQJ DIWHU D GHILQHG GHOD\ WLPH :KLOH WKLV DSSU
VKRUW OLYLQJ DQG IXQFWLRQDOO\ LPSRUWDQW SURWHLQ |
PL[LQJ ZLWK UDSLG SUHSDUDWLRQ RI FU\R (0 JULGV UHPDL!
WKH DSSOLFDWLRQ Rl WKLV PHWKRG :H KDYH GHYHORSHG
SURWHLQ VROXWLRQV DQG GHOLYHULQJ WKHP RQ FU\R (0 .
XVLQJ GURSOHW PLFURIOXLGLFV 7KH QHZ LQVWUXPHQW

PROHFXODU PDFKLQHV ZLOO EH SUHVHQWHG
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<YHV $XOGGH]GD 9DUMNNMWILQD CRBRFHO 7THQFp
-HDQ 'HQLV %IOMRLMQ$QAEHUWR 6REKIIDHIA. :DOOV
ODWKLHX .RKLDN * 7RHEHILOH 6WpSKDQ

8QLYHUVLWp 3DULVY 6DFOD\ &156 /DERUDWRLUH GH 3K
2UVvD\ )UDQFH

RGLOH VWHSKDQ#XQLYHUVLWH SDULV VDFOD\

7KH 3LFR FRQIHUHQFH FHOHEUDWHY \HDUV RI DEHUUD
DGYDQFHV WKDW WKHVH GHYHORSPHQWY KDYH EURXJKW W
QLW\ ,Q VFDQQLQJ WUDQVPLVVLRQ HOHFWURQ PLFURVFR
WKURXJK KDV EHHQ WKH GHYHORSPHQW RI QHZ JHQHUDWL
WKH EULJKWQHVV RI HOHFWURQ VRXUFHV DQG WKXV RSHC
HOHFWURQ HQHUJ\ ORVV VSHFWURVFRS\ ((/6 ORUH WKDQ
WLRQ QRZ DYDLODEOH ZLWK DWRPLF UHVROXWLRQ PRQRF
WR D ZKROH QHZ UDQJH RI ORZ HQHUJ\ HOHPHQWDU\ H[FL
UDQJH ZLWK QDQRVFDOH UHVROXWLRQ 7KH ILHOG RI QDQ
KDV EHHQ ERRPLQJ LQ UHFHQW \HDUV ERRVWHG E\ UHFHQ
FRPELQLQJ SKRWRQV DQG HOHFWURQV LQ WKH PLFURVFRS
HQHUJ\ JDLQ VSHFWURVFRS\ SKRWRQ LQGXFHG QHDU ILHO
WKHU DGYDQFHV DUH VWLOO WR EH H[SHFWHG E\ SXVKLQJ
LQVWUXPHQWDWLRQ DGYDQFHY DQG IRU DFFHVVLQJ QHZ S
YHORSHG QHZ DFTXLVLWLRQ VFKHPHV PDNLQJ XVH RI D 7LF
SURYLGLQJ VXE QV WLPH UHVROXWLRQ RYHU DUELWUDU\
HYHQW EDVHG K\SHUVSHFWUDO DFTXLVLWLRQ ZLOO EH JLY
DJHV ZLWK DUELWUDU\ VFDQQLQJ SL[HO GZHOO WLPH FDQ
SHUVSHFWUDO LPDJHV FDQ EH DFTXLUHG DW WKH VDPH UD
WHFWRU VXFK DV DQQXODU GDUN ILHOG > @ ,Q SDUDOO}
VFKHPHY DLPLQJ DW V\QFKURQL]JLQJ D FRQWLQXRXV HOHF!
SXOVHG > @ SKRWRQ EHDPV DV D FRPSOHPHQW WR DSSU
JXQ , ZLOO SUHVHQW D QHZ W\SH RI WLPH FRUUHODWHG }
PHDVXUHPHQWY EHWZHHQ LQHODVWLF HOHFWURQ VFDWWH
WKRGROXPLQHVFHQFH H[FLWDWLRQ &/( VSHFWUD VR FDO
PLQHVFHQFH H[FLWDWLRQ 3/( VSHFWURVFRS\ DUH FRQVW
WLPH FRUUHODWHG ZLWK D SKRWRQ HPLVVLRQ , ZLOO VKR
SKDVH ORFNHG QDWXUH RI SODVPRQV LQ $X QDQRSDUWLFO
ZD\V WRZDUGV OLJKW HPLVVLRQ IURP LQGLYLGXDO SRLQW
89 DQG VRIW ; UD\ UDQJHV > @ ORUH JHQHUDOO\ , ZLOO \
&/( VSHFWURVFRS\ FDQ LPDJH HQHUJ\ WUDQVIHU SDWKZD\V

SHIHUHQFHYV

> @ < IXDEXQSXEOLVKHG DU;LY
> @ 3HOVBBWWUDPLFURVFEFRS\
KWWSV GRL RUJ M XOWUDPLF

> @ 1 9DUNHQWLVD IXQS $KOGYKHG DU;LY
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*LDQOXLJL $ Y%RADWROQ 4X6 6KD\DQ ORXVDYL O

'HSW ODWHULDOV 6FLHQFH DQG 8§QUYBHWIUWYJ 0 FOODLVQNEHW L
'HVW +DPROWRQ / &DQDGD
&DQDGLDQ /LIKW 6RXUFH ,QQRYDWLRQ %RXOHYDUG

JERWAWPR®DVWHU FD

(OHFWURQ HQHUJ\ ORVV VSHFWURVFRS\ ((/6 LV DQ LQYD
GHWDLGR®XWWMUDQG WKH FKHPLEDO VWDWH RI PDWHULDC
UHVROXWLRQ 7RGD\ WKLV WHFKQLTXH LV XVHG WR FKDUD
D P\ULDG Rl DSSOLFDWLRQV IURP HQHUJ\ WWDWH HC B QIGF A R
7KLV WHFKQRTSHRFOGHYV FRPSOHPHQWDU\EHQR BKRWLERRD \
EDVHG V\QFKURWURQ WHFKQLTXHV WKDW FDQ SUREH P
FRQGLWLRQV ,Q WKLV SUHVHQWDWLRQ , GHVFULEH UHFHQ
VSHEWURVEFRS\ ERWHKUWWHYHDQ G@REVNEDRIHFWURVERS\ , ZL
GHVFULEH VRPH ODWHVW UHVXOWYV RQ WKH LQYHVWLJDWI
QDQRVWUXFWXUHV WKDW WKIPWOHENRIZREKRPLFBIOL Q FI/KIRWL R\
KRZ VWURQJ SODVPEDLFGDOHY ERAVIK RULIJILQDWHY LQ WKH
> @ 7KHQ , ZLOO IRFXV RQ WKH FRPELQDED\RG RAH\W K RIGQ/G
WR HOXFLGDWH WKH VWUXFWXUH DQG FKHPLFDO FRPSR\
SHUIRUPDQFH FDWKRGH PDWH UPDOM PQG SUKIDWLH) WV UQ QWK R \
ZKHQ PDWHULDOV DUH HOHBW®R BKHPREDOIOIRR FROIHBKH LQ
REWDLQHG IURP HOHFWURQ EHBDPVRHGWKHRG K RZAW K LOIOR B/HR @ K

SHIHUHQFHV

> @RXVDYL 066 %LFENHW3 ,&R®GH\POQER/ %RWWRQ *$ (OHF
ORVV VSHFWURVEFRI\SRIDVRBRQ DFWLYLW\ LQ ZULQNOHG JR(
3K\VLFV $UW 'R,

> @ %HOOLGR (3 %LFNHW ,& %RWWRQ *¥PRIQLFHAREWV RQ
QDQRZLUHV DQG SODQDU VWUXFWXUHV 1DQRSKRWRQLFV

> @ /ILX &; HVGPDOQVWEKGEWHG O0XOWLSOH 30DVPRQLF +RW\

JUDFWDO WR $PSOLI\ %YURDGEDQG +RW (OHFWURQ *HQHUDW
'2, DFVQDQR F

> @ S5DWKRHUW DRQIJVWHQ ,QIXVHG *UDLQ %RXQGDULHV ((

3HUIRUPDQFH (QKDQFHIRHRW RIEORVKRGH -0 D WHFRW DRFKHPLFI

BRFLHW\ $SUWLFOH QXPEHU ‘2, DF F

> @ *HQJHW:; DHOFKDQLVP RI $FWLRQ RI WKH 7XQJVWHQ 'RSD(

(OHFWURGH GODWBQEBGV(QHUJ\ SODWHRQB OQXPEHU

"2, DHQP
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.D]IX 6XHQDJD

,6,%%$1.(1 2VDND 8QLYHUVLWDUDNL -DSDQ

VXHQINIDEXVDQNHQ RVIDAN M S

(OHFWURQOMRYNUYSHFWURVFERS\ ((/6 KDV EHHQ ZLGHO\ X
LGHQW L DLW DWH.HRIWL R B OB PWWD QVPLVVLRQ HOHFWURQ PLFUF
XVLQJ PRIVHO H[FLWDWLRQV 5HFHQW GHYHORSPHQWV RI |
EHDP JXQVHKQIDYHOHG XV WR DFFHVV R SIWVDURD® DDUER KYHI EJRIPW
YDOHQF&H UDQJIJRIMDQRPHWULF ZADWKHKYEDRY. DO HQHUJ\ UHVR
+HUH ZH VKRD\RMWX\G LEINPWRVWHKEBVSHRVVLELO IDVBISHO\L HRG (R &
ORGLPHQVLRQDO(DIPVEBUNDERPLE GHISPWQH G\EQ LS @0'&V
PRQRODWYFIWYWHY RI PHWDO FKOR ULV QW S KO BDXW HG H G
DGDWRPV IRU>FD& DUBA®MQVLR QPR QARI®XRH L GH@H TLAVD [\
LVRWRSLFDOO\ KHWHUR @H QHRX \E H WDKSRKZHQ H

SHIHUHQFHV

>@ & /LQ HW DOWKGAY

>@ & /LQ HW DO $GY ODWHU

>@ & /LQ HW DO 1DQR /HWW

>@ /LX HW DO 1DWXUH &KHP

>@ 6 :X HW D@KHP $BRF

>@ & /LQ HW DO QMS ' ODWHU $SSO
>@ 5 6HQJODAWXDE

7KH ZRUNV SUHVHQWHG KHUH [RBH6 VXOSBER U NH@®2HX -67
SURMHFWYV
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'U 3KLOLSS :DFKVPXMMKXXHO 5HLQKDUG

-(2/ *HUPDQ\ *PE+ *XWH bQJHU JUHLVLQJ *HU

ZDFKVPXWK#MHRO GH

,PDJLQJ EHDP VHQVLWLYH PDWHULDOV DW ORZ GRVH FRQG
WRSLF LQ WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ 7(0 H
REVHUYDWLRQ RI WKH DWRPLF VWUXFWXUH Rl WKHVH PDW
LQGXFHG GDPDJH GXULQJ LPDJH WXQLQJ FDQ PDNH YLVXLE
UHVROXWLRQ DQ H[WUHPHO\ GLIILFXOW WDVN ,Q WKLV SU|I
KLJK FRQWUDVW 6FDQQLQJ WUDQVPLVVLRQ HOHFWURQ PLF
UHFHQWO\ EHFRPH DYDLODEOH RQ -(2/ 7(0V FDOOHG RSWL
> @ 7KLV PHWKRG ZRUNV ZLWK ERWK VHIJPHQWHG DV ZHOO
KDV EHHQ VKRZQ WR EH KLJKO\ GRVH HIILFLHQW ZKLOH DW
WLPH LPDJLQJ XQGHU ORZ GRVH FRQGLWLRQV 7KH FDSDE
PDWHULDOV LQ UHDO WLPH XQGHU ORZ GRVH FRQGLWLRQV
PDWHULDOV VLJQLILFDQWO\ HDVLHU +HUH ZH ZLOO JLYH |
OHWKRG DQG SUHVHQW VHYHUDO DSSOLFDWLRQ H[DPSOHYV
WKH SHUIRUPDQFH DQG FDSDELOLWLHV RI WKLV QHZ LPDJL

SHIHUHQFHYV
> @ .RXVXNH 2RH HW DO -DQXDU\ 8OWUDPLFURVFRS\
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-RKDQ 9HUEHHMNFLVFR $HBDQG %pFKp

8QLYHUVLW\ RI $QWZHUS (0$7 *URHQHQERUJHUODDQ
1$120DE &HQWHU RI ([FHOOHQFH 8QLYHUVLW\ RI $QWZHU
$QWZHUS %HOJLXP

MR YHUEHHFN#XDQWZHUSHQ EH

‘H UHSRUW RQ DGYDQFHV LQ WKH GHYHORSPHQW RI D YHU!"
IRU XVH LQ HOHFWURQ PLFURVFRS\ 7KH FXUUHQW GHVLJ
DGGUHVVDEOH HOHFWURVWDWLF SKDVH VKLIWLQJ HOHPHC
GHVLIJQ SDWWHUQV GHSHQGLQJ RQ WKH WDUJHW DSSOLFD
VIQFKURQRXVO\ XSGDWHG DW XS WR N+] UDWH SURYLG
VSHHG DGDSWLYH DOJRULWKPV VKDSLQJ WKH HOHFWURQ S
‘H GLVFXVV GLIITHUHQW SKDVH SODWH LPSOHPHQWDWLRQ
DSSOLFDWLRQV :H VKRZ WKH UHDOL]DWLRQ RI GLSRODU
VIPPHWULHYVY LQ VXE QP HOHFWURQ SUREHV ZKHQ SODFLQJ
SODQH RI D PRGHUQ 67(0 PLFURVFRSH 'H GHPRQVWUD!'
PD[LPL]LQJ IRU FRQWUDVW LQ +%$%$') 67(0 LPDJHV DV ZHOO D
IRU IRFXVLQJ LQVLGH WKLFN VDPSOHYV

)LJ ([bPSOH RI WZR SURWRW\SH SKDVH SODWH UHDO!
FDUWHVLDQ GHVLJQ OHIW DQG D SRODU VHIPHQWHG SL

SHIHUHQFHV

> @ - 9HUEHHFN HW DO '"HPRQVWUDWLRQ RI D 1T SURJ
HOHFWURQV B8OWUDPLFURVFRS\

> @ 3DWHQWYV (3 86 %

> @ 7KH DXWKRUV DFNQRZOHGJH WKH ILQDQFLDO VXSSRI
J)ODQGHUV ):2 %HOJLXP SURMHFW * 1 7KH $'$37(0 S|

WKH (XURSHDQ 5HVHDUFK &RXQFLO DV DQ (5& 32& SURWMN
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“RVHI =ZHFWMOL[ 6FKZDU]J&X®WHWOOHU &DVSDU\
6LPRQ 3|OODWK

8QLYHUVLWIW 5HJHQVEXUJ 3K\VLN '"HSDUWPHQW 8QL"
5HJHQVEXUJ *HUPDOQ\
/IXGZLJ OD[LPLOLDQV 8QLYHUVLWIW 0 QFKHQ 'HSDUWPHQV
0 QFKHQ *HUPDOQ\

MRVHI ]ZHFN#XU GH

‘'LITHUHQWLDO SKDVH FRQWUDVW '3& RU ILUVW PRPHQW P
RI WKH ORFDO SKDVH H[SHULHQFHG E\ WKH HOHFWURQ SURI
ILHOG ZLWK FRPSRQHQWYV LQ [ DQG \ GLUHFWLRQ SHUSHQG
ILHOG FDQ EH LQWHUSUHWHG DV WKH DYHUDJH ODWHUDO
HOHFWURQV DW ODUJH )RU WKH FRPPRQ VRXUFHV RI EHD
DQG RU PDIQHWLF ILHOGYV LW FDQ EH VKRZQ WKDW WKH
URWDWLRQ IUHH 7KLV LV XVHG ZKHQ WKH GLYHUJHQFH RI
WKH FKDUJH ZKLFK LV UHVSRQVLEOH IRU WKH HOHFWURV!
YHFWRU ILHOGV FDQ EH FRQVLGHUHG WR EH D VXSHUSR
GLYHUJHQFH IUHH YHFWRU ILHOG SOXV D FRQVWDQW +HO
D YHFWRU ILHOG LQWR WKHVH WZR FRPSRQHQWY > @ )URF
DQ\ YHFWRU ILHOG PHDVXUHG E\ '3& WR EH URWDWLRQ IUHI
DUH QRW 2QH SRVVLEOH FDXVH LV D PLVDOLJQPHQW EH
GHWHFWRU V FRRUGLQDWH V\VWHPV EXW WKLV DUWHIDFW
RSHQV D GRRU WR HIIHFWV ZKLFK FDXVH URWDWLRQDO FR
ZLOO EH GLVFXVVHG )URP VLPXODWLRQV LW LV REYLRXV
VXFK DV VFUHZ GLVORFDWLRQV )LJ ZLOO FUHDWH QRQ
PHDVXUHG YHFWRU ILHOGV )LJ DQG WKHUHIRUH DOORZ
PRPHQW PHDVXUHPHQWYV

yLJ )LUVW PRPHQW LPDJHILSDLU'RYHDUJHQFH OHIW DQG U
GLVORFDWLRQ LQ *D1 'RXEQMH XHDGHEFRQVWUXFWHG IURP
DUURZV LQGLFDWH WKH VHQ®QLQJ GLUHFWLRQ

'DWD DFTXLUHG DW WKH (5& -*OLFK

SHIHUHQFHYV
> @WWSYV HQ ZLNLSHGLD RUJ ZLNL +HOPKROW]BGHFRPSRV|
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$QIXVYUNODRKBQJ :DQIXG\ .LP(PDQXHOD /EEHQWL
+XDQJ

2[IRUG 8QLYHOSDUWAPHQW RI ODWHULDOV 3DUNV 5RDG 2]
7KH 5RVDOLQG )UDQNOLQ ,QVWLWXWH +DUZHOO &DPSX
'HSDUWPHQW RI 3K\VLFV 8QLYHUVLW\ RI :DUZLFN &RY

[DOJXV NLUNODQG#PDWHULDOV R[ DF XN

7KLV OHFWXUH ZLOO GHVFULEH ILUVWO\ U HFEHPAW UGRHDY H (
3W\FKRJWDDBESOLHG W RPDWXHALEDWONGLQJ ELRORJLFDO VWU
HOHFWURQ GRVH

, ZLOO KL JKIPSIKUWWANGAH W G HVSHEOWRWYJ LQ PR GRRUQWLQJ
HOHFWWRRRJUDSK\ DW ORZ GRVH $FTXLVLWLRQ RI D SW\FK
FROOHFWLRQ RI D VHULHV RI IDU ILHOG GLIIUDFWLRQ SDWMW
VSHEFLPHQ SODQH 7KLV GDWDVHW FDQ WKBa[BW XNFHEH @/ R
REMHFW IXQFWLRQ XVLQJ HLWKWHUD@LYWHDOWLYHVRR Q
SW\FKRJUDSK\ LV D GRVH HIILFLHQW WHFKQLTXH HQDEOLQ
UDGLDWLRQ VHQVLWLYH VDPSOHV $W ORZ SRW W NUKH L\QD /S
IDU ILHOG LV VSDUVH DQG D FRXQWLQJ GLUHFW HOHFWURC
PRGH WR SURYLGH DQ HIIHFWLYH VSHHSDUQRFKXDDVH DIS00
XVLQJ H[DPSOHV RI UDGLDWLRQ VHQVLWLYH PHVRSRURXV F
,OWKH OLIH “ELRQARWURQ SW\FKRIWDEKN DREBFRVLQJ QHZ

PHWKRIGLFK XWH&HIRFXVHG SURBAURMRW/HDRLPHQ ZLWK KLJ
RYHUBOGSBRRBRVLWLRIQV FDQ DOVR EH H[WHQGHG LQ D GHYF
SDUWLFOHWMBYROWAN ' VWUXFWXUHV )LJ DQOQFNLQJ D
UHVROXWLRQ YDULDWLRQ RI WKH HIIHFWLYH SW\FKRJUDSK
DQJOH )WR SURYLGH ZLGH VSDWLDO IUHTXHQF\ EDQGZLGW

)L DF 5HFRYHUHG SW\FKRJUDSKLF SKDVH RI D URWDYLUXYV D\
DQJOH ZLWK FRUUHVSRQGLQJ ' GHQVLW\ PDSV

SHIHUHQFHYV
> @ =KRXKW DIWWXUH &RPPXQLFDWLRQV
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'DYLG IDFNBWWOIPS :DOO®HEHOLQH RMWHHVODU XV DN
-HQQLIHU OF&RRHQEHDO@IXHGRIOFHDPLDQR

SURWRFKLSV ,QF *DWHZD\ &HQWUH %0OYG 6WH
GDYLG#SURWRFKLSV FRP

$ UHFXUULQJ UHIUDLQ ZLWKLQ WKH LQ VLWX FRPPXQLW\

UHTXLUHPHQWY IRU UHSRUWLQJ H[SHULPHQW FRQGLWLRQV
DQG HQDEOH WKH UHSURGXFLELOLW\ RI UHVXOWV E\ RW
VWDQGDUGL]H UHSRUWLQJ DQG HQDEOH RWKHU UHVHDUF
GXULQJ PLFURVFRS\ H[SHULPHQWY ZDV UHFHQWO\ KLJKOLJFk
DUHD IRU LPSURYHPHQW ZLWKLQ WKH ZLGHU ELRORJLFDO 1
UHFHQWO\ LQWURGXFHG $;21 D VRIWZDUH VROXWLRQ GHYV
VWDELOL]DWLRQ DQG PHWDGDWD FRQVROLGDWLRQ ,Q Wi
DSSOLFDWLRQV ZLOO EH SUHVHQWHG DQG WKH UROH PHWD
FRQFOXVLRQV )LJXUH ,Q DGGLWLRQ VSHFLILF DSSOLF
WRRO ZKLFK XWLOL]JHV PDFKLQH YLVLRQ WHFKQRORJ\ WR F
UDWHY DQG WRWDO DFFXPXODWHG GRVH ZLWKLQ WKH VDP S
GLUHFWO\ LQWR WKH LPDJH PHWDGDWD IRU VXEVHTXHQW
DGYDQFHV XWLOL]DWLRQ RI WKH $;21 SODWIRUP IRU LQ VL1
DSSOLFDWLRQ RI )$,5 SULQFLSOHV WR LQ VLWX GDWD PDQCL
DQDO\WLYVY GDWD PLQLQJ DQG UHYLHZ RI LQ VLWX H[SHUI
LQFUHDVLQJ SURGXFWLYLW\ DQG XOWLPDWHO\ HOHYDWLQJ

)LJ $OLIQPHQW DQG DQDO)VILIV ROIPHADODEDPDINDLRQ RI GRVH

SHIHUHQFHYV

> @X HW BOGYDQFHG ODWHULDOV S

> @DUNDQV HW DO 1DWXUH OHWKRGYV
KWWSV GRL RUJ Vv

> @LONLQVRQ HW DO 6FB 'DWD
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&ODLUH 1D\ORU

AXDQWIQREIDQ %UFNHQIFNHWRX%O|ELFKDX -HQD

PDUNHWLQJ#TXDQWLIRLO FRP

Sample preparation is a major roadblock in the cryo-EM workflow; identifying conditions
in which the sample is well-distributed across the holes in random orientations can often
seem like a black art to the novice cryo-electron microscopist. Grid choice and grid
surface modifications can make a big difference to sample quality; but identifying the best
support for a new project can be challenging. One additional option which can often
improve particle distribution is an additional ultrathin carbon (UTC) layer [1], and
Quantifoil offers additional UTC layers in a range of thicknesses for most holey supports.
The layer acts in several ways to improve patrticle distribution:

f Increasing the number of particles due to adsorption of biomolecules onto carbon
prior to blotting.

f Improving particle distribution due to interaction with a continuous carbon surface
across the hole as well as the support.

f Reducing the number of particles adopting a preferred orientation.

Ultrathin carbon layers have been used with a wide range of biomolecules including:
SARS-CoV?2 proteins [2, 3] and membrane-embedded complexes, such as Helicobacter
pylori outer membrane complex (OMC) [4] as well as a wide range of other biological
macromolecules.

218%/

*HUPDQ)

)L 6DPSOH VX&E®WKKUMWUD C)LJ +HOLFREDFWGHH&I IR GD \

XOWUDWKLQ FDUERAQ FROOHFWNGRFRERESRUW

SHIHUHQFHYV
@ 'UXO\WH , HW DO $FWD &U\VW '

@ 7TKRPHVY 0 HW DO 6FLHQFH

@ 6FKXEHUW . HW DO 1DW 6WUXFW ORO %LRO
@ 6KHHGOR O0- HW DO HI/LIH

\%

V V. V

Z L WK
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$SWKDQDVLRV DVODYQURN 1LFREREBER SBEVQV
1DQRO(*$6 635/ 5XH ePLOH &0DXV  %WH %UXVVHOV
LQIR#QDQRPHJIDV FRP

$XWRPDWLF FU\WWDO RULHQWDWLRQ SKDVH PDSSLQJ $67
D YDULHW\ RI PDWHULDOV LV NQRZQ DOVR DV ' 67(0 WH
GHGLFDWHG DFTXLVLWLRQ SURFHVV QDPHG DV ' 63(' 2VFI
'LIIUDFWLRQ"~ ZKHUH EHDP SUHFHVVLRQ WR LPSURYH ('S
XVHG LQ FRPELQDWLRQ ZLWK EHDP VFDQQLQJ $67$5 WHF
WUDGLWLRQDO (%6' 6(0 PHWKRG ZKHUH WKH PDMRU DGYDOQ
VSDWLDO UHVROXWLRQ WKDW FDQ EH GRZQ WR QP LQ F
FRQILJXUDWLRQ D VSHFLDO &&' FDPHUD LV XVHG DEOH WR
VFDQQLQJ ' 63(' 'LJL67$5 KDUGZDUH /RFDO FU\WWDOORJUD
LGHQWLILHG WKURXJK DQ RULJLQDO DOJRULWKP WKDW FRF
ZLWK SUH FDOFXODWHG VLPXODWHG WHPSODWHVY IRU DO
> @ :H KDYH VWXGLHG PDQ\ DGYDQFHG PDWHULDOV XV
LQYHVWLIJDWH ORFDO SURSHUWLHY DQG RU VWXEGWVRWXQDQ
PHWKRGY KDYH EHHQ H[WHQVLYHO\ DSSOLHG WRZDUGV G\Q
RI WKH ' 63(' $67$5 ZLWK WKH QHZ JHQHUDWLRQ RI SL[HODYV
RI HHWUHPHO\ ORZ HOHFWURQ GRVH XS WR Hc VHF ZL
WLPHYV ISV 7KH XVH RI SL[HODWHG GHWHFWRUV KI
FRQYHQWLRQDO &&' GXH WR WKH DEVHQFH Rl HOHFWURQL!
DW H[WUHPHO\ ORZ GRVH &RPELQLQJ SL[HODWHG GF
OHGLSL[ '"HFWULV 3Q&&' HWF« ZLWK 1DQRO(*$6 ' 63(' $67$5
DFTXLVLWLRQ WLPH LV JUHDWO\ UHGXFHG EXW PRUH FU
DOORZLQJ LQ VLWX G\QDPLFDO VWXGLHV E\ VHTXHQWLDO
VDPSOHV

)L ,Q VBWHS5 DSSOLFDWLRQV XVLQJ SLIHODWHG GHWHFWR

SHIHUHQFHV

>@ () 5PWFKELWVFKULIW I+U .ULVWDOORJUDSKLH

> @ 3RUWLOOR ( ) 5DXFK 6 1LFRORSRXORWUDWHWHMROLY C
6FLHQFH )RUXP

>@ 5 9LQFHQW DQG 3 OLGJOH\ 8OWUDPLFURVFRS\

>@ () 5DXFK DQG 0 - 9HURQ ODWHU 6FL (QJ 7HFK
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DQGD . XNXOVNL

8QLYHUVLW\ RI %HUQ ,QVWLWXWH Rl %LR%KK®PLWWU\ DQG
%HUQ 6ZLW]JHUODQG

ZDQGD NXNDEPWNXQLEH FK

2UJDQHOOHW KQRHKIRDSBS RV L WLIRIDHBPE UDQHY 6XFK FRQWDF)
VHUYH WKH H[FKDQJH Rl OLSLG PROHFXOHV FDOFLXP WUL
7KH PHFKDQLVPV E\ ZKLFK OLSLGY DUH WUDQVIHUUHG DFL
SRRUO\ XQGHUVWRRG EHFDXVH OLQ\GMOIS WMSNPR RQ HFERIDA
VWUXFWKWHP UMRMDKH DUFKLWHFWXUH FRPSRVHG RI SURV
PHPEUDQBAG® WKHUHE\ VKHGWKHXMW FRFE KRZQDEWLRQWD@M VW
WUDQVSRUW RI OLSLG PROHFXOHV EHWZHHQ HRABIDR\HOOH
FRUUHODWLYH OLJKW DQG HOHFWURQ PLFURVFRS\ DSSU
WRPRJUDSK\ :H FRPSOHPHQW WKHVH WRROV ZLWK OLYH I
ELRFKHPLVWU\ DQG JHQHWLEF SHUWXUEDWLRQV
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/KRPDV & ODUORHDQPVOLOHWILN )DKUHQNDRROD XV
*RHVVZHORKW -LUL :DOO®XULFH 3D QWIHOH U
9HVSHWDGLP .RWRY

8QLYHUVLW\ OHGLFDO (SHOWBRUIDPEXWLWXWH IRU 6 WUXFW
%LRORJ\ 1RWNHVWUBIFEXYHUPDQ\
&66%HQWUH IRU 6WUXFWXUDO 6\WWHPV % LRICAREIXUTRW NH \
*HUPDOQ\
'HXWVFKHWRQHR 6\QFKURWURQ '(6< 1RWNHVWUDVVH
*HUPDOQ\

| WKRPDV PDUO RKDRBHEY \GH

Many bacterial pathogens rely on secretion systems to establish infection. They as-
semble into large, membrane embedded macromolecular machines that often function
as protein transport systems to secrete virulence factors. The type Ill secretion sys-
tems (T3SSs) or injectisomes assemble a needle complex containing a continuous
conduit crossing the bacterial envelope and the host cell membrane to mediate effec-
tor protein translocation [1]. However, the molecular principles underlying type Il se-
cretion remain elusive. Here, | will discuss how we have established an experimental
system to trap and visualize needle complexes from Salmonella enterica serovar
Typhimurium in action by cryoEM, and how we used both manual and easy-to-be-
used semi-automated atomic model refinement (StarMap: Rosetta-based refinement
controlled from ChimeraX) [2] to obtain complete atomic models of the needle complex
engaged with the effector protein SptP in two functional states. We uncovered the
complete 800A-long secretion conduit and unravelled the critical role of the export
apparatus subcomplex in type Ill secretion. Unfolded substrates enter the export ap-
paratus through a hydrophilic constriction formed by SpaQ proteins, which enables
side chain-independent substrate transport. Above, a methionine gasket formed by
SpaP proteins, which functions as a gate that dilates to accommodate substrates while
preventing leaky pore formation. Following gate penetration, a moveable SpaR loop
first folds up to then support substrate transport. Together, these findings establish the
molecular basis for substrate translocation through T3SSs and explain tight control of
gate opening by reorienting specific side-chains within the export apparatus [3].

SHIHUHQFHV

> @ *DODQ HW DO $QQ 5HY OLFURELRO
>@XJPD\U HW DO 1DWKQHFHSBHRWRFROV

> @ OLOHWLF HW DO 1DWXUH &RPPXQLFDWLRQYV
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'DOLHO 0OD@QPRQ )URPPUVWHQ 6DFKVH

JRUVFKXQJV]HQWUXP - OLFK (UQVW 5XVND &HQWUH |
-« OLFK *HUPDQ\
-X6WUXFW -«OLFK &HQWUH IRU 6WUXFWXUDO %LRORJ\
- OLFK *HUPDQ\
(0%/ +HLGHOEHUJ OH\HUKRIVWUD %0 H +HLGHOEH
+HLQULFK +HLQH 8QLYHUVLWIW &KHPLVWU\ '"HSDUWPH!
'*VVHOGRUI *HUPDQ\

G PDQQ#I] MXHOLFK GH

$WJ LV D FRUH SURWHLQ LQ PDFURDXWRSKDJ\ D KLJKO\
FULWLFDO IRU WKH FHOOfV VWUHVV UHVSRQVH DQG KRPHF
$WJ LQ WKH DXWRSKDJ\ SURFHVV UHPDLQV WR EH HVWD
35233,1 IDPLO\ FRQVLVWLQJ Rl VHYHQ :' UHSHDWV WKDW
$WJ KDV EHHQ VKRZQ WR ELQG $WJ DQG $WJ DQG WKHUHE
RI SKDJRSKRUHV $WJ KDV D FRQVHUYHG 3,3 3,3 ELQGL
FRQVWLWXWHYV D VSHFLILF PHPEUDQH DQFKRU :H GHPRQ
ILODPHQWY LQ ORZ VDOW VROXWLRQ E\ VROYLQJ WKH KHOL
XVLQJ HOHFWURQ FU\R PLFURVFRS\ 7KH ROLJRPHUL]DWLRC
KLJK VDOW FRQGLWLRQV DV ZH GHPRQVWUDWH E\ VLQJOH
SURWHLQ :H UHFRQVWLWXWHG $WJ ZLWK OLSRVRPHV DQ
RUJDQL]DWLRQ RI $WJ ROLJRPHUV RQ FHOOXODU PHP
DYHUDJLQJ 7KH VWUXFWXUH UHYHDOV WKDW ROLJRPHUL]D)
DOG LQ VROXWLRQ DUH DOVR REVHUYHG EHWZHHQ MX[WD
KRZ $WJ PD\ IXQFWLRQ WR UHPRGHO DQG H[WHQG SKDJR.
ZLWK WKH ODUJHU DXWRSKDJ\ PDFKLQHU\

)LJ N'D $WJ VWUXFWXUH IURP VLQJOH
SDUWLFOH DQDO\VLV
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ODNRWR 7RNRUR6OPKQUGLRENHUPEHOHIILD DQG
ODWWKLDV :ROI

OROHRXO&U\BRHFWURQ OLFURVIFRGODBQYLW XWH RI 6FLHQFH I

7HFKQRORJ\ *UDGXDWH SIIQMKDV LYRQD . XQUIXBPRNLQDZD
-DSDQ

[PDWWKLDV ZROI#RLVW MS

W LV ZHOO NQRZQ WKDW LQVXODWLQJ VDPSOHYV FDQ DFFXP
WR DQ HOHFWURQ EHDP +RZ WKH DFFXPXODWLRQ RI FKDUJ
VDPSOH VWWEDQMPLYQYLRQ HOHFWURQ PLFURVFRS\ LV SRRL
WKHVH HITHFWV LW LV LPSRUWDQW WR NQRZ KRZ WKH FKD
DQG KRZ LW EXLOGV XS RYHU WLPH ,Q WKH SUHVHQW V
GLVWULEXWLRDO@WMWIRRBER RI FKDUJH DFFXPXODWLRQ RQ
ZLWK HPEHGGHG SURWHLQV WKURXJK D FRPELQDWLRQ RI

H[SHULPHQWYV 2XU GDWD UHYHDOV D UDSLG HYROXWLRQ R
HISRVXUH WR WKBPHDHFR\PSERD@ IEKHG E\ FKDUJH JUDGLHQWYV

EHWZHHQ LFH DQG FDUERQ ILOPV ‘H GHPRQVWUDWH WKDYV
VWDWH YDULDWLRQV RFFXU XSRQ HOHFWURWHEBEBH{JSR®>
% RWK DIITHFW WKH LPDJH GHLRPXWL R/ URRXNIXPB OFHRKEHLJIKW F
OHQVLQJ HIIHFWV 2XU UHVXOWY PD\ EH XVHG DV D JXLGH
DQG GDWD SURFHVVLQJ NREHQVAMNILYH RD RBRVHHV
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Amyloid fibrils are involved in many neurodegenerative diseases. It has become clear

in the last few years that the aggregation of amyloidogenic proteins and peptides into

fibrils, and therefore also the resulting fibril structure strongly depends on the environ-

ment conditions. In particular, co-solutes play an important role in driving the aggre-
gation and determining the specific structure. In cryo-EM reconstructions, additional
co-solute densities have been observed in several cases, but their interpretation is
FKDOOHQJLQJ 2QH H[DPSOH RI D GLMWyDcEH, WhitOfaMmm® QW D P\ (
neuronal inclusions called Lewy bodies in Parkinson's disease. It is known that lipid
PHPEUDQHY DUH LPSRUWDQW {sgriucliiKWe prédedttdid Difféie Q R |
VW U X F W XsyriddlkeirRflbrils grown in the presence of lipids, which show micelle-

like lipid densities as well as specific lipid-fibril interactions. We interpret the lipid den-

sities with extensive molecular dynamics simulations.

)LJ 7KH FURWRWLRQWRQBEOOHLWL O ZLVOK \PH. FHEQB GH
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Matthes, B.L. de Groot, L.B. Andreas, S. Becker, C. Griesinger, G.F. Schroder,
bioRxiv (2022) 10.1101/2022.03.02.48194
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/[HVOLH - $0O0OHQ

8QLYHUVLW\ RI OHOERXUQH 6FKRRO RI 3K\VLFV 9,&

OMD#XQLPHOE HGX DX

$EHUUDWLRQ FRUUHFWHG HOHFWURQ PLFURVFRS\ KDV QRZ
GHYHORSPHQW IRU D TXDUWHU RI D FHQWXU\ 7KLV KDV
UHVROXWLRQ LPDJLQJ DQG VSHFWURVFRS\ ZLWK PDQ\ DS
PDWHULDOV DW WKH DWRPLF VFDOH 6RPH RI WKHVH GHYH
DV ZHOO DV WKH LPSRUWDQFH RI DQ XQGHUVWDQGLQJ RI V
SUREH ZLWK WKH VSHFLPHQ > @ LQ RSWLPL]LQJ WKH LQI
VWUXFWXUH RI D VSHFLPHQ DW DWRPLF UHVROXWLRQ 7K}
RULQHODVWLFDOO\ VFDWWHUHG LQ D QXPEHU RI ZD\V > @
LQWHUSUHW GDWD REWDLQHG RQ PRGHUQ DEHUUDWLRQ FR
WKHQ DQ HVVHQWLDO DGMXQFW WR H[SHULPHQW > @ )X
GHVLJQ VSHFWURPHWHUV [ UD\ GHWHFWRUV DQG WKH F
GHWHFWRUV ZLOO IDFLOLWDWH JUHDWHU DFFXUDF\ DQG IX
VWUXFWXUH GHWHUPLQDWLRQ LQ ' > @ ZKLFK ZRXOG EH(
UHVROXWLRQ ZLOO EH GLVFXVVHG

H

HUHQFHYV

S8UEDQ HW DO 3KLO 7UDQV 5 6RF $

.. B8UEDQ HW DO 3K\V 5HY /HWW

% ' (VWVHU HW DO 3K\V 5HY /HWW

-0 /H%HDX HW DO 1DQR /HWW

& 2SKXV OLFURVF DQG OLFURDQDO

3 :DQJ HW DO 8OWUDPLFURVFRS\

= &KHQ HW DO 6FLHQFH

&LVWRQ HW DO 1DW &RPPYV
JRUEHV HW DO 3K\V 5HY %

&KHQ HW DO B8OWUDPLFURVFRS\
1HLVK HW DO 3K\V 5HY %
.ULYDQHN HW DO 1DWXUH
+DJH HW DO 3K\V 5HY /HWW

' YJRUEHV HW DO 3K\V 5HY %

% ' )RUEHV DQG / - $00HQ 3K\V 5HY %

/] - $O0OHQ HW DO 8OWUDPLFURVFRS\

30 =HLJHU DQG - 5XV] 3K\V 5HY /HWW

7 *XUH\HY HW DO 2SWLFDO 6RFLHW\ RI $PHULFD $ V>

o —

VVVVVVVVVVVVVYVYVYVYVVGa
X
o\o\’r\)ollC>

PPEEREeRePPPeRRREM®



352*5(66 ,1 $%(55%$7 &A55(&7 (' (/(&7521
0,&526&23< ,1 0$7(5,$/6 6&,(1&(

(YIROVVRQ

&KDOPHUV 8QLYHUVLWWHBD UMRIGERORLARY *RWKHQEXUJ
6ZHGHQ

HYD RGAVAKD@PHUYV VH

$EHUUDFW URMGEFMWO H F W ULR)QWRBSDAQLWFR/LV VLR Q H OMKPW URRSH P HISU R )
WKH GRRSHWRPHQWDO VWXGLHV RRI VW B MW BEWIRRDEXBNWWX| PW X U
UHVROXW L RPOHMNWHE SSLUSRFY. R OR@®WR® DQG WKUHHLB®ERBQWLR Q
WR GLUHFW®HLPDUHMW HRR LQGLYLGXDO DWRPV SURXIHGHV FI
FRUUHODWLRQ EHWZHHQ DWRPLF NRWH[PPSRUHHLQOED\SDRS
VWUXFW)OHFWURQLFVY SKRWRQLFV DMIBXPRWVDER GSRR WIRY F
DOVR HQDEOHV XQGHUVWDQGLQJ RI VWUXFIWXVIDPEBY PQXGW L
SDWWHUQLQJ RI MMOBRG ®IUXERQXQPABIH RI DEHUUDWLRQ FRLU
LW PDWHXH DWRPLFSBNVREGWRL®® ORZHU DFFHGKHDWLRQ
UHGXF WK U HD G HIIHFW WDHEHXUOWVDMOLIRIGBRRY UG AW IKR.QK H |
LPDARQWUDVW DQG LRSRRIYSHG/ R URUDBOHFWURQ HRHUJ\ O
VSHFWURNKFRBRPELQDWLRQWRRKMH UBIMERDJ WRHD KOFRREZUR Q
GRVH GXULQJ REVHUYDWLRO @® ® @G RS W LPHFRIGGRBDBHOHUD
PLQLPLVHV WKH SUREDELOLW\ Rl PDWHULDO VWUXFWXUH D¢
WKH LPSLQJLQJ HOHFWURQV DQG WKH VSHFLPHQ GXUL
VSHFWURVFRS\ DQG LQ VLWX VWXGLHYV

([IDPSOHWVRRPLF VLWH VSHFLILF VWUDLQ DQG LWV HIIHFW
GLPHQVLRQDO RULHQWDWLRQ DQG GLVWULEXWLRQ RI LQGL
SRO\PHUV DQG WKHLU HIIHFW RQ FRQGXFWLYLW\ > @ HSLW
IRURMJ VXSHUFREBBEKFRR&XFWRU IRU TXDQWXP GHYLFHV > €
VW UDLIQHERGLDWHG FRIRZRLED QOQRURGY > @ ZLOO LOOXVW
RI DEHUUDWLRQ FRUUHFWLRQRIRBURSWHLLFWX 8 & HRU VRVD/QHEU IO
GHVIRIQQHZ PDWHULDOV ZLWK RSWLPLVHG SHUIRUPDQFH

SHIHUHQFHV
>@ 1LOVVRQ 3LQJHO 0 -jUJHQVHQ $ % <DQNRYLFK + *U|
3 QIOXHQFH RI VWRPLAKNMWHDLQ RQ FDWDO\WLF DFWLYLW\
QDQRSDUWMIW®HM &RPP

> @ * 3HUVVRQ ( -lUVYDOO 0 5|GLQJ < =KDQJ 6 %DUOR
20VVRQVXDOL]DWLRQ RIFIXQGLY L QXD ORRRVIDWHG SRO\PHU
QDQRPHWHU ' GLVWULEXWLRQ DQG FRUUH® PW QR Y FALIVBRV H (
> ®.DQQH 0 ODUQXD]D ' 20VWHLQV ' - &DUUDG - ( B6HVV
=HQJ ( -RKQVRQ ( 20VB[RMPXVVHRYH (S1AWI[LDOQ3E RQ
QDQRZLUHV IRU TXD DIWXRUGHYDRGRWHFKQRORJ\

> @ : :HQ 7 3LQYNAQ/ =HIIFKHBQWROLQR 6 .RQGR $ %
<DQNRYLFK 1 - =DOX]HF 1 B6KLEDMRXOVHRXKDID®VVRQRWK
*URZWEGXFHG VIUOHQ UQ/ W DOLQ PORKR/GYLSW



IN-SITU HREM STUDIES OF NANOCATALYSTS AND
FERROELECTRIC DOMAINS UNDER ENVIRONMENTAL
CONDITIONS

=H =KDQ&RQJ :D®IQG +B 7LD

=KHMLDQJ 8QLYHUVLW\ 'HSDUWPHQW Rl ODWHULDOV =K
35 &KLQD

JHIKDQJ#]MX HGX FQ

7KH G\QDPLF EHKDYLRU RIDFD\WRQ BMMM RED GHU WR DY\G H UV \
PHFKDQEVWKKH. JK SHUIRUMD®RBYHG WKH LPDJLQJ SUREOHP
PROHFXOHYV DQG HVWDEOLVKHG D QRYHO (7(0 PHWKRG WR )
WKH DWRPALFZEHFK ZDV VXFFHVVIXOO\ HPSOR\HG WR SUHFL
VLWHV IRIDYDWKHUW UHDFWLRQ DQG XQYHLO WKH FDWDO\W
> @QXQLTXH HSLWD[LDO URWDWLRQ RI PHWDO QD®RSDUWLF
DOVR ERENWGIUYKEG 7KHVH ILQGLQJV SURYLGH YDOXDEOH LQ
UHDFVEIORDFN ERILFK LV FULWLFDO IRU XQGHUVWDQGLQJ WK
GHYHORSLQJ KLJK TXDOLW\ FDWDO\WVWV ZLWK VXSHULRU St

+HUH UHSRUW DQVRMVRWQ J®WH WwWHP& WRSRORJLFDO WUDQVI
SRODU VWUXFWXUHY DW BGQ7RWRPHGLOWUHBDXWLRQ RI FKD
WRSRORJLFDO VWUXFWXUHY KDV EHHQ GHPRQDWRPWHG X
OHYHO REVHUYDWLRQ RHGHODFLW KN BEXYWWIORML DO RI PRGXO
GRPDLQ SDWWHUQV LQGHYIURHWOHFWULF QDQR

5HIHUHQFHYV

> @ : <XDQ6HWHR®GH

> @ : <XDQ6HWHRQG®GH

>@ .DL 'X +H 7LDQ =H 6RDOQ3SXOWWILHJ WRSRORJLFDO WUDQC
SRODU VWUXFWXUWHVPW RERHIKYDWRLBQ RI WKH G\QDPLF SRO
IDWXUH &RPPXQLFDWLRQV

>@ .DL 'X +H 7LDQ =H HKIHFW HWVXOOL]DWHR Q LRHIOIHFWHGOER
LQ FU\WVWDOV QSM 4XDQWXP ODWHULDOV
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.LDR\DQ =KRQJ

'HSDUWPHQW RI ODWHULDOV 6FLHQFH DQG (QJLQHHULQJ
.RZORROQ +RQJ .RQJ 6$5 3HRSOHYV 5HSXEOLF R
&LW\ 8QLYHUVLW\ Rl +RQJ .RQJ 6KHQ]KHQ )XWLDQ 5HVHLE
3HRSOHYTV 5HSXEOLF RI &KLQD
1IDQRPDQXIDFWXULQJ /DERUDWRU\ 10/ &LW\ 8QLYHUVLYV
SHVHDUFK ,QVWLWXWH 6KHQ]KHQ 3HRSOHYTV 5HS

[JKRQJ #FLW\X HGX KN

(OHFWURQ PDJQHWLF FLUFXODU GLFKURLVP (0&' ILUVW H
WUDQVPLVVLRQ HOHFWURQ PLFURVFRSH 7(0 E\ 6FKDWWF
VSHFWURVFRS\ WHFKQLTXH DV DQDORJRXV WR ; UD\ PDJQH
,Q SULQFLSOH (0&' FDQ RIIHU KLJKHU VSDWLDO UHVROXW
ZDYHOHQJWK RI KLJK HQHUJ\ HOHFWURQV FRPSDUHG WR ;0¢
EHDP LOOXPLQDWLRQ LQ D VFDQQLQJ 7(0 WKH EHWWHU
FRQYHUJHQW DQJOH WKH SRRUHU VLJQDO WR QRLVH UDW
PDMRU EUHDNWKURXJK RI D VSKHU&RD & FKUIRPD R/W F VDR W B
UHVROXWLRQ RI HODVWLFDOO\ DQG LQHODVWLFDOO\ VFDW\
E\ PLQLPL]LQJ WKH GHORFDOL]DWLRQ > @ ZKLFK DOORZV
(0& LQWR DWRPLF OHYHO +HUH ZH PDNH PDMRU DGYDQF
FRPELQDWLRQ RI VSDWLDOO\ UHVROYHG HOHFWURQ HQHL
& & FRUUHFWLRQ DQG (0&' XQGHU SDUDOOHO EHDP LOOXPL
PDJQHWLF LPDJLQJ ZLWK DWRPLF SODQH UHVRBXNWLRQ > (
VXSHUODWWLFH WKLQ ILOPV ZH GHPRQVWUDWHG DWRPLF
RI &D DQG 7L IURP WKH LQGLYLGXDO bWRRQM $0 DAV D FQ R
HI[DPSOH RHO®R2 ZH GHPRQVWUDWHG $35 (0&' LPDJLQJ RI
LOQGLYLGXDO DWRPLF SODQHV > @ &RPELQLQJ ZLWK DGYL
FKHPLFDO LPDJLQJ E\ XVLQJ DEHUUDWLRQ FRUUHFWHG 7((
PDJQHWLF SRODUL]DWLRQ DWRPLF FRQILIJXUDWLRQV DQG
VLPXOWDQHRXVO\ [URP WKH YHU\ VDPH VDPSOH UHJLRQ DW

HIHUHQFHYV

3 6FKDWWVFKQHLGHU HW DO 1DWXUH

0 +DLGHU HW DO 1DWXUH

% .DELXV HW DO -RXUQDO RI (OHFWURQ OLFURVFRS\

.. 8UEDQ HW DO 3K\VLFDO 5HYLHZ /HWWHUV

@ = & :DQJ HW DO 1DWXUH ODWHULDOV

> @ 7TKDQNV WR = /L / -LQ $ + 7DYDEL 5 ( 'XQLQ %RUNR:

7AXW\XQQLNRY < ORULWRPR =& :DQJ + % -LDQJ 5 <X -

ILQDQFLDOO\ VXSSRUWHG E\ 16)& 6

7HFKQRORJ\ DQG ,QQRYDWLRQ &RPPLVVLRQ RI 6KHQ]KHQ 0>
& <- 6LQR *HUPDQ &HQWHU IRU 5HVHDUF

0 WKH (8 +. 5GHVHDUFK DQG ,QQRYDWLRQ &RRSHUDWLR

( &LW\8 *HUPDQ\ +RQJ .RQJ -RLQW 5HVHDUFK 6FKHPH

SHVHDUFK *UDQWYV &RXQFLO &LW\8 DQG WKH (XURSFH

UHVHDUFK DQG LQQRYDWLRQ SURJUDPPH *UDQW 1R

@
@
@
@
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SREHUW 6L URKL &XQEHQQLIHU 'LRQQH

6WDQIRUG 8QDWHHWWIDVD\Y 6FLHQFH DQCRPQWD AR 0OQJ
6WDQIRUG 86$%

EREVLQF#VWDQIRUG HGX

7KH DWWHPSW WR REWDLRURBXELDOHKQAD®YGWXHUHFRUGL
UHVROXWLRQ RI PDWHUERQWRKDMQIHGE XHJBHWQDOO\ DSSC
WPSHUDWXUH JDV YROWDJH VWUHVV DGGV D OHYHO R
REVHUYDWLRQV 1RW RQO\ GR WKH HYHQWY QHHG WR EH |
DV WKH\ WUDYHUVH WKH VSHFELPHQ EXW WKH LPDJLQJ FRQ(
WKW WH\ QU EH WDNHQ LQWR DFFRXQW 7KH LPSURYHPHQWV
VWDELOLW\ UHFRUGLQJ DQG VSHFLPHPRUSBFH B QA RUQ/MG K
FOHDUO\ KDYH VLJQLILFDQW LQIOXHQFH RQ DFKLHYLQJ KI
IQVWDQFH E\ 1&6, LPDJHV Rl FHULXP DQG R[\JHQ VXUIDFH P
> @ +RZHYHU DGGLWLRQDWLEHQRBKILWK P DBUDMONIR \KD\YEH H C
WKRXJKW WR EH LPSRUWDQW )RU H[DPSOH PDLQWDLQLQJ
YRWDJHV DOORZHG .RK HW DO WR VWXG\ WKH LQ VLWX R]
XQGHUHPH®®LQJ FRQGLWLRQV ZLW KRX\G DHM®H FH\WW B/QV E H DSPL
> @ 'LRQQH HW DO KDYH KWYHIGD® W DR QE /X GWEEIW L R Q
PHFKDRML\RI SDOODGLXP QDQRSDUWLFDOHV IRU K\GURJHQ
QRPHQWHUHG GDUN ILHOG LPDJLQJ DV D IXQFWLRQ RI K\GU
FRUUHFWHG (7TKX%V ® EHERRWWARMHG LPDJILQJ JUHBWQ\ EHC
ZD\WKH SHDEMWLF VLWX 7(0 H[SHULPHQWDWLRQ DV DSSOLHCG
RI LPSRUWDQW VFLHQWLILF DQG HQJLQHHULQJ SUREOHPYV

SHIHUHQFHV
> @5 6LQFODLU 6 & /HH < B6KL DQG : & &KXHK 8OWUDPLF
>@ $/ .RK ( *LGFXPBG25 =6AR)FODLU 1DQR /HWW
>@ $/ .RKDQG 5 6LQFODLU S8OWUDPLFURVFRS\
>@ $ %DOGL 7 & 1DUD\DQ $/ .RK DQG -$ 'LRQQH 1DW)»
> @ 7& 1DUD\DQ ) +D\HH $ 5%BD@EOBLU .REG - BUHLRQQH
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'DYLG $ OXOOHU

&RUQHOO 8QLYHUVLW\ 6FKRRO RI $SSOLHG DQG (QJLQH
,WKDFD 1<

'‘DYLG D PXOOHU#FRUQHOO HGX

(OHFWURQ PLFURVFRSHVY XVH HOHFWURQV ZLWK ZDYHOHQJ
SRWHQWLDOO\ FDSDEOH RI LPDJLQJ LQGLYLGXDO DWRPV L
E\ WKH LQWULQVLF VL]H RI DQ DWRP (YHQ ZLWK WKH UDSL
WHFKQRORJ\ ERWK UHVLGXDO DEHUUDWLRQV LQ WKH HOHF
WKH LQFLGHQW EHDP LQVLGH WKH VDPSOH WKH EHVW UH
PDIJQLWXGH ZRUVH WKDQ WKLV OLPLW +RZHYHU ZLWK UHFI
DQG SKDVH UHWULHYDO DOJRULWKPV VXFK DV SW\FKRJUD:
PLFURVFRSH LV QRZ OLPLWHG RQO\ E\ WKH GRVH WR WKH
WKH DWRPV WKHPVHOYHV > @ 7TKHVH DSSURDFKHYV KDYH L
YLEUDWLRQDO HQYHORSHV RI LQGLYLGXDO DWRP FROXPQV
DWRPV WKDW ZRXOG EH KLGGHQ E\ FKDQQHOLQJ RI WKH &
PRGHYV SW\FKRJUDSK\ DOVR SURYLGHV WKH VHQVLWLYL
VWUXFWXUHV RI ERWK PDIJQHWLF DQG IHUURHOHFWULF
LOQFOXGLQJ WKHLU VLQJXODU SRLQWYV WKDW DUH FULWLFD
SURSHUWLHYVY RI WKHVH ILHOG WH[WXUHYV

3U 2

6 F

¥
;\
C

)LJ OXOWLVOLFH 3W\FKRJUDSKLF UHFRQVWUKFWRUBRGURP
DW NH9 VKRZLQJ WKH DQLVRWURSLF WKHUPDO YLEUDWL!

5HIHUHQFH
> @ = &KHQ < -LDQJ < 7 6KDR 0 ( +ROW] 0 2GVWUpPLO
+DQNH 6 *DQVFKRZ ' * 6FKORP DQG ' $ OXOOHU 3(OHEV

$FKLHYHV $WRPLF 5HVROXWLRQ /LPLWPLBRQQWHE\ / DWWLFH 9L
+
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JRUVFKXQJVIHQWUXP (UQURKS&MNE¥NYUH IRU OLFURVFRS\ D
6SHFWURVFRS\ ZLWHK KGHRRQ & RYQAD ~«OLEKUPDOQ\

O MLIMXHOLFK GH

7UDQVPLVVLRQ HOHFWURQ PLFURVERS\ 7(0 LV DQ HVVHQ
QDQRVFDOH DQG DWRPLF VWUXFWXUHV RI RIDWHRU MDKOHWL U |
IXQGDPHQWDO SK\WLFDO SURSHUWLHVY ORGHUQ 7(0 KDV
GHYHORSPHQW Rl KDUGZDUH VSKHULFDO DQG FKURPDWLF
FRPELQDWLRQEDLWKWIKQWHKY HOHFWURQ VRXUFHV PRQRFKU
PHFKDQLBPRG WKHUPDO VWDEXEQWYWNRERZYDGHIBD® UHVRO)>
DFKLHYHG ZLWK KLJK EHDP FXUUHQW GHQVLW\ EULQJLQJ Q
SUREOHPV LQ PDWHQLBRY YHRIWQRHT(O® WKH DSSOLFDWLR
QHIJDWLMHLEDIO DEHUBRWILROLHOQW WR WKH REMHFWLYH OH
DSRVLWRFYV YDOXHWKHD GQYWRWLRPRILDIQRREB @HJIDWLY
LPDJLQJ 1&6, FIZLIHFKKG VWURQJ LPDJH FRQWUDVW WKDW L\
SRVVLEOHJRQYSWMKMWLYH DWRPLR RROXP QQ GRULERWKILOHPHQV
KLJK LPDJH FRRPEUQMW RHWKRUOHFWHG LPDJH GLVWRUWLR
SDUDOOHO EHDP LOOXPLQDRIL\RG D RBQMWKLN BRRYXWHWJIH D
XOWUDKRIP VHYHUDO XS WR SLFERPWXHUP HSQW FRIVDR®P SR\
ZKLFK KDV EHHQ DSSOLHG WR D YDVW YDULHW\ Rl PDWHULD
IHUURHO RVAHPWLERWY G X DWRBRFU\WWDOV DQG WKHLU LQWHUI
VWUXFWXUHYV

,Q WKLV FRQWZLLEX WLLIRVQN ZI) W WRIG K DR TBIHWLIRBX ODU IRFXV
RQ KRZ WR DFKLHYH TXDQWLWDWLYH PHDVXUH BHGWN@WV DW
RXU UHFHQRQVWOSAWNILFDWLRQ RI WKH SRLQW CBMHHEDY @ \L Q
E\ XVLQJ TXDQWLWDWL 2K H &5l, WKH KIQRPIBHYV LV WKH GLUH
RI WKAHRQWHU UDMGVONXYWWBUXKGDWH WKHUPRHOHFWULFV >
VFDOH HYLG/HRO@F OBV ORQB GHEDWH

SHIHUHQFHV

> @/ -LD 0 /HQW]HQ . S8UEDQ 6FLHQFH
> @+ *H : - /L - )HQJ ) =KHQJ &/ -LD ' :X /| -LQ $GY
| DHOP |

> @KH DXWKR & KMHDQNYBOL[ *XQNHO )HQJHLKDImQIX'DL
%DUWKBIQL :HIHQJIJVKDQ =3¢HERDQ /XKHOXD *H :XDQG 5DIDO
( 'XQULEKRUNRIRMANEROODERUDWLRQV
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8WH .DLVHU

&HQWUDO )DFLOLW\ RI ODWHULDOV 6FLHQFH (OHFWURQ
$OEHUW (LQVWHLQ $OOHH 8OP *HUPDOQ\

XWH NDLVHU#XQL XOP GH

/IRZ GLPHQVLRQDO PDWHULDOV H[KLELW SURSHUWLHV ZKLF
WKH EXON FRXQWHUSDUWY DQG RIIHU XQLTXH RSSRUWX
HOHFWURQLF DQG RSWLFDO GHYLFHV > @ ,Q VLWX HOHFV
IXQFWLRQDOL]H WKH WKLQ PDWHULDO ZKLOH LPDJLQJ +HU
XQLTXH FKURPDWLF DQG VSKHULBB® ( DLERNWIDVPHRW F E B WH
LPDJLQJ DQG VSHFWURVFRS\ PRGHV > @ :H ILUVW GLVFXVV
GLPHQVLRQDO LQRUJDQLF DQG RUJDQLF FU\WWDOV )RU V
70'V ZH SUHVHQW UHVXOWVY DW HOHFWURQ HQHUJLHV EH¢
UDQJH EHWZHHQ N9 DQG XQGHUVWDQG WKH UROH RI H(
WKDW WKH IRUPDWLRQ RI YDFDQFLHV LV SRVVLEOH DW HOH
RQ WKUHVKROG DQG TXDQWLI\ WKH GDPDJH > @ )XUWKHU
FKHPLFDO PRGLILFDWLRQV Rl GLIIHUHQW IUHHVWDQGLQJ
FKDOFRJHQLGHV 7037V :H SUHGLFW WKH GLVSODFHPF
SURSHUWLHVY DQG WKH GLVSODFHPHQW FURVV VHFWLRQ

PDWHULDOV E\ DE LQLWLR FDOFXODWLRQV DQG XVLQJ WKH)\
VWUXFWXUDO FKDQJHV $V WKH 7037V DUH RIWHQ YHU\ R[\J}
ZLWK WKH KHOS RI D QHZO\ GHYHORSHG SRO\PHU DVVLVWH
‘H DOVR SUHVHQW VWXGLHV RQ WKH VWUXFWXUH RI WZR

VKRZ WKDW DQ DFFHOHUDWLQJ YROWDJH RI N9 LV RSWLP
WKH VWUXFWXUH > @ )XUWKHUPRUH ZH SUHVHQW LQ
HOHFWURFKHPLFDO FHOO ZKHUH UHYHUVLEO\ VLQJOH FU\'
DQG GHOLWKLDWHG LQ FRQWUROOHG PDQQHU XVLQJ DQ |
GHYLFH SURWUXVLRQ > @ 2Q WKH PRUH IXQGDPHQWDO E
EHWZHHQ WKH ERQG QDWXUH EHWZHHQ WZR PHWDO DWRPV

SHIHUHQFHV

> @ $ +DVKHPL HW DO - 3K\V &KHP &

>@ 0 /LQFN HW DO

>@ 6 .UHWVFKPHU 7 /HKQHUW HW DO 1DQR /HWW
> @ 7 /HKQHUW HW DO $&6 $SSO 1DQR ODWHU

> @ - .[VWHU HW DO 1IDQRWHFKQRORJ\

> @ + 4L HW DO 6FLHQFH $GYDQFHV HDEE
>@ 0 .KQH HW DO 1DWXUH

> @ . &DR 6FLHQFH $GYDQFHV  HDD\
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JHOYRQ & XEH

+LWDFKIZHARKKXURSH (M ERSDUN )LFKWHQKDUGI$OG
*HUPDQ\

IHOL[ YRQFXEHHKYZKWW B KKAR P

7KH FRPELQDWLRQ RI LPDJLQJ DQG FKHPLFDO DQDO\VLV |
UHVHDUFK GHYHORSPHQW LQ DGYDQFHG QDQRPDWHULDC
DELOLW\ RI D 7(0 WR SHUVFDP HV K M\KHE LILHWRPXEFNO\ DQG U
DFTXLULQUD@IGRI DQDO\WLFDO GDWD LV NH\ WR IXWXUH \
+LWDFKLYV +Y(0 MLWK VSKHULFDO DEHUUDWLRQ FRUUHFWR
DFKLHYW®XEWURP ¢ LPDJLQJ FRNHQQHGVZY MWK\ KHLOKP HQW D (
7KH +) EXRQGMDWXUHV IURP +LWDFKLYV GHGEOXEHGE] 67
+LWDFKLYV RZQ IXOO\ DXWRPDWHG DEHUUDWLRQ FRUUHFW
&VFRUUHFWHG 6( LPDJLQJ

, ZLOO SUHVHQW H[DPSOHV UDQJLQJ IURP VLPXOWDQHRXYV
('; DQDWLY DQ/GEWR JDV DQG KHDWLQJ H[SHULPHQWV

J)LIXUH 6LPXOWDQHRXVY 6(0 67(0 LPDJLQJ WKDQNV WI
FDSDELOLW\ 7KLV RITHUV FRUUHODWLRQ RI VXUIDFH DQG
WKH ' VWUXFWXUH RI D VSHFHB HDR BIHMKRXREY WWRPRJUD
$X &H2 FDWDO\VW &®7(® )LPDIJHV XSSHU URZ DQG UHVSH
UHVROXWLRQ $X SDUWLFOH LPDJHV ORZHU UF
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'DQLHO 6WWDOMWWKLDV 'MHUNBI WD FKHYWYXIRD\BLD]]D

"(&75,6 IWG 7TDHIHUQZHJ %DGHQ 'DHWWZLO 6Z

GDQLHO VWURSSD#GHFWULV FRP

' 67(0 LV RQH Rl WKH PRVW H[FLWLQJ 7(0 WHFKQLTXHV WRG
RI D JUHDW GHDO RI VDPSOHVY LQIRUPDWLRQ E\ WKH DQDO
,Q WKLV IODVK WDON ZH EULHIO\ FRPPHQW RQ WKH PRVW
WKDW DUH UHOHYDQW WR WKH GHVLJQ RI ' 67(0 H[SHULP
GHWHFWRUV SUHVHQW > @ DQG QH[W JHQHUDWLRQ WHFKQI

SHIHUHQFHYV
> @ & 2SKXV OLFURVFRS\ DQG OLFURDQDO\VLYV
> @ % 3ORWHWQ@EMBEXYWQDPLFURVFRS\



PTYCHOGRAPHY WITH MERLIN EM DETECTOR

Matus Krajnak"

lQuantum Detectors Ltd, R103, RAL, OX11 0QX, Harwell Oxford, UK

['matus@quantumdetectors.com|

At the University of Glasgow, experiments with hybrid pixel array counting detectors
started with a Medipix2 detector [1]. It was clear that direct electron detection and
hardware-based electron counting can offer advantageous imaging capabilities.
Subsequently, a Medipix3 detector with a Merlin readout system was commercialised
as a MerlinEM detector by a collaboration between the University of Glasgow and
Quantum Detectors Ltd. With more than 50 systems around the world, the detector
has been applied in multiple experimental configurations.

The detector has been mainly applied in scanning transmission electron microscopy
(STEM), however, diffraction and EELS applications are also wide-ranging. [2]

In STEM, the ability to collect a full distribution of electrons for each probe position
with a millisecond and better timescales can be readily used in DPC [3] and
ptychography [4, 5]. Moreover, this wealth of newly available information also enables
more quantitative and low-dose approaches to standard techniques and the potential
for the development of new ones.

In this short talk, we will focus on examples of ptychography performed with the
MerlinEM detector.

Fig. 1. Ptychography with MerlinEM. Image of
single gold atoms in MoSez. Image courtesy
Dr Shoucong Ning, NUS Singapore.

References:

[1] Mac Raighne, A., et al., Journal of Instrumentation 6.01 (2011): C01047.
[2] Mir, J. A., et al. Ultramicroscopy 182 (2017): 44-53.

[3] Krajnak, M., et al., Ultramicroscopy 165 (2016): 42-50.

[4] Ning, S., et al., Microscopy and Microanalysis (2022): 1-11.

[5] Song, J., et al. Scientific reports 9. 1(2019): 3919.
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-0 =XR6 3LGDUSDWIKKDHR: +VLDR 1L+ +RX
' 3 $EUDKDP

8QLYHUVLW\ Rl ,0O0LQRLYV DW S8UEDQD &KDPSDLJQ ODWHU
SUEDQD ,00LQRLV 8QLWHG 6WDWHV RI $PHUL

&RUQHOO 8QLYHUVLW\ $SSOLHG 3K\VLFV ,WKDFD 8Ql
$UJRQQH 1DWLRQDO /DERUDWRU\ &KHPLFDO 6FLHQFHV |
/IHPRQW ,0O0LQRLV 8QLWHG 6WDWHV RI $PHUL

MLDQ]XR#LOOLQRLV HGX

7KH VWXG\ RI RUGHU DQG GLVRUGHU LV D IXQGDPHQWDO
FRQGHQVH PDWWHU SK\VLFV ([DPSOHV LQFOXGH WKH GRSL
DOOR\V ZLWK FRPSOH[ FRPSRVLWLRQV DQG QDQRFU\VWDC
HQHUJ\ DQG HQYLURQPHQWDO WHFKQRORJLHV ZKLFK FDQ
DQG VWURQJ GHSDUWXUHV IURP SHUIHFW FU\WWDOOLQLW\
PLFURVFRS\ 7(0 KDV SOD\HG D SUHGRPLQDQW UROH LQ W
RUGHU RU RUGHU ZLWKLQ GLVRUGHU IURP DWRPLF UHVRO
IOXFWXDWLRQ DQDO\VLV RI VKRUW DQG PHGLXP UDQJH

+RZHYHU ODUJH JDSV UHPDLQ LQ RXU DELOLW\ IRU WKH

VWURQJO\ GLVRUGHUHG PDWHULDOV +HUH ZH LQWURGXF
VFDQQLQJ 7(0 IRU ILOOLQJ WKHVH JDSV > @> @ 7KH EDVL
RI QDQRGLIIUDFWLRQ SDWWHUQV XVLQJ VFDQQLQJ HOHF
JRXULHU WUDQVIRUP WKH ORJDULWKPLF LQWHQVLWLHV L
KDUPRQLFV FDSWXUHG E\ GLIIUDFWLRQ DQG XVH WKH TXF
VWUXFWXUDO DQDO\VLV )LJ 7KLV WDON ZLOO GHWDL
HIITHFWLYHQHVV WKURXJK DSSOLFDWLRQV WR VHPLFRQGXF!
DQRGH LQ OLWKLXP EDWWHULHYV

J)LIXUH &HSVWUDO 67(0 IRU LPDJLQJ VLOLFRQ DQRGH D
FRPSXWHG IURP 6(1' GDWDVHW ZLWK E FRUUHVSRQGLQJ L
UHFRQVWUXFWLRQ RI F DPRUSKRXV PDWHULDO DQG G FU

SHIHUHQFHYV
> @ 7 6KDR 5 <XDQ + : +VLDR 4 <DQJ < +X - 0 =XR ¢

> @ 3LGDSDUWK\ + 1L + +RX ' 3 $EUDKDP - 0 =XR OLF
OLFURDQDO\VLYV PHHWLQJ VXEPLWWHG
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&KULVWRSK 70DHFKO 6BIOERUWR EXMDMBDIVY 6KDEL
%HQHGLNW7KBRPDV & 3HQWRQ *ODG\VKHY
ODUNXV .+KEDFK

+XPEROGW 8QLYHUVLWIW ]X %HUOLQ 'HSW RI 3K\VLFV !

FKULVWRSK NRFK#KX EHUOLQ GH

ORGHUQ HOHFWURQ PLFURVFRSHV (0V FDQ SURGXFH LPDJ
OHVV WKDQ SP HOHFWURQ HQHUJ\ ORVV VSHFWUD ZLWK
PH9 DQG ZLWK HOHFWURQ SXOVHV VKRUWHU WKDQ vV 37
HISHULPHQWDO GDWD FDQ EH DFTXLUHG FRPHV DW WKH S
RSHUDWLRQ LQFUHDVHG FRVW RI RZQHUVKLS DQG ZLWK
HITHFWLYH XVH Rl EHDP WLPH $W WKH VDPH WLPH DOWKR:
HDVLHU WR VROYH ZLWK LPSURYHG UHVROXWLRQ LQ VSDF
ZLWK KLJKHU ILGHOLW\ GRHV QRW QHFHVVDULO\ LQFUHD\
PDWHULDOV VFLHQFH SUREOHPV PRUH HIIHFWLYHO\ ,Q WK
HIDPSOHV RI LQFUHDVHYV LQ WKH DPRXQW DQG SUHFLVLRC
HIWUDFWHG ZKHQ DGYDQFHG GDWD DQDO\WLV ZRUNIORZ
HISHULPHQWDO GDWD 7KH H[DPSOHV UDQJH IURP YDULRXYV
WKH H[WUDFWLRQ RI WKH EXON GLHOHFWULF IXQFWLRQ Il
UHFRYHU\ RI ' DWRPLF VWUXFWXUH IURP SW\FKRJUDSKL
GHYHORSLQJ VWDWH RI WKH DUW (0 GDWD UHFRQVWUXFW
JURZV ZLWK WKH QXPEHU RI SHRSOH DSSO\LQJ WKHP WR
WLPH PRGHUQ GDWD VFLHQFH WHFKQLTXHV PD\ SRWHQWLTEL
LQDFFHVVLEOH LQIRUPDWLRQ IURP (0 GDWD LI VXIILFLHC
GRFXPHQWHG DQG FXUDWHG GDWD DUH DYDLODEOH :H ZL
UHFHQWO\ GHYHORSHG ZLWKLQ WKH )$,5PDW SURMHFW > @
VRXUFHV DQG IRU ORZHULQJ WKH WKUHVKROG IRU QRQ HIS
GDWD SURFHVVLQJ WRROV ZLWKRXW KDYLQJ WR LQVWDOO

SHIHUHQFHV

> @ 0 6FKOR] 7 & HMIUFRPWQDOLQFRUPDWLRQ UHGXFHG GI

PHQWDOO\ XQFHUWDLQ SDUDPHWHUV LQ SW\FKRISWSERV ZLW

([SUHVV 9RO

> @ : $JIJRXQH $ (OMBEQDUWWWWQ@WO SBEFWXUH RI H[FLWDWL|

UHYHDOHG E\ FRPELQLQJ WKHRDW PQK &RERXDRAQWLRQV 0D
LQ SUHVYV

> @ 0 6FKHIIQH,B GIDWDO: DHZ KRUL]JRQV IRU PDWXHWHDOV U
LQ SUHVV
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-XUL %DUMKBQH - $00HQ

JRUVFKXQJVIHQWUXP -«OLFK *PE+ (UQVW 5XVND &HQ

LOKHOP -RKQHQ 6WUD % H -« OLFK *HUPDQ\
8QLYHUVLW\ RI OHOERXUQH 6FKRRO RI 3K\VLFV &RUQHU 7
SDUNYLOOH 9,4& $XVWUDOLD

MX EDUWKHO#I] MXHOLFK GH

$WRPLF UHVROXWLRQ VFDQQLQJ WUDQVPLVVLRQ HOHFWUR«
HOHFWURQV WKDW KDYH EHHQ VFDWWHUHG WR ODUJH DQJ
KLJK DQJOH DQQXODU GDUN ILHOG +%$%$') LPDJLQJ LV ZLG]
SHFHQWO\ DWRPLF UHVROXWLRQ SKRQRQ VSHFWURVFRS\ |
FDVHV H[SHULPHQWY DUH XVXDOO\ PRGHOHG WDNLQJ LQWR
WKH LQHODVWLF VFDWWHULQJ GXH WR SKRQRQ H[FLWDWLR
VXFK DV SODVPRQ H[FLWDWLRQ DQG VLQJOH HOHFWURQ H]
HIWHQGHG PXOWLVOLFH VWeXODRYWEOQVU KVYLQILWKRUGHU WR
WKH UROH RI LRQL]DWLRQ DQG LWV LQIOXHQFH RQ LPD.
VFDWWHULQJ GXH WR LRQL]DWLRQ LV PDLQO\ IRUZDUG SI
SKRQRQ VSHFWURVFRS\ ZLWK D GHWHFWRU LQ WKH IRU:
VXEVWDQWLDO IUDFWLRQ RI HOHFWURQV VFDWWHUHG E\ S
DOVR ORVW VLJQLILFDQW DPRXQWV RI HQHUJ\ GXH WR DO
HYHQW :‘H ILQG WKDW ZKHQ SURSHUO\ QRUPDOL]HG VLPXO
WKLFNQHVV IRU PD[LPXP LQWHQVLW\ LQ SKRQRQ VSHFWUR"
WR ODUJH DQJOHV DQG WKDW LIJQRULQJ WKH FRQWULEXW|
LQ VLPXODWLRQV FDQ OHDG WR D ELDV LQ WKH TXDQWLWD!
JHQHUDO WKH VLIJQLILFDQFH RI ODUJH DQJOH VFDWWHULQ
EHDP HQHUJ\ &RQVLVWHQW ZLWK H[SHULPHQWDO GDWD >
LRQL]DWLRQ VFDWWHULQJ LV VWURQJHU IRU OLJKW HOHPH

SHIHUHQFHYV
> @ / - $O0OHQ $ - '1$OIRQVR DQG 6 ' )LQGOD\ 8OWUDPLFI
> @ ' - (DJOHVKDP DQG 6 ' %HUJHU 8OWUDPLFURVFRS\



2D MATERIAL HETEROSTRUCTURE LIQUID CELLS :
A PLATFORM FOR ATOMIC RESOLUTION STEM
IMAGING WITH LIQUIDS.

S J Haigh?, N. Clark!, Y Zou?!, D Kelly!, M Lozada Higalgo?,
R Gorbachev?

!National Graphene Institute, University of Manchester, Oxford Road, M13 9PL, UK

[*sarah.haigh@manchester.ac.uk|

Liquid-phase transmission electron microscopy (TEM) offers a unique combination of
nanometer spatial resolution and millisecond temporal resolution. Conventional liquid
cell holders for scanning transmission electron microscopy (STEM) imaging and
analysis are powerful tools for probing nanoscale behaviour at the solid-liquid
interface. Nonetheless the presence of silicon nitride membranes, tens of nanometers
in the thickness, as well as a relatively thick liquid layer (often >100 nm) compromises
the instruments ultimate imaging resolution as well as the sensitivity of spectroscopy
techniques. Graphene liquid cells provide excellent atomic resolution imaging and are
fully compatible with spectroscopic analysis, but their construction often lacks
reproducibility and the hermetic seal of the cells often fail with prolonged imaging. This
talk | will discuss the 2D heterostructure approach to liquid cell STEM, which combines
atomic resolution imaging, sensitive spectroscopic analysis with robust imaging
capabilities even at high spatial resolution [1]. The platform builds on established

HISHUWLVH ZLWKLQ ODQFKHVWHUfV 1DWLRQDO *UDSKHC

nanochannel fluidics [2]. | will show how we have been applying this approach for
advancing our understanding of solid-liquid interfaces and liquid phase chemical
reactions. We demonstrate the potential of the approach for in situ atomic resolution
imaging and elemental analysis, by investigating the time evolution of calcium
carbonate synthesis, from the earliest stages of liquid-liquid phase separated
nanodroplet precursors to crystalline calcite [3]. | will also demonstrate the application
of the technique to studying the dynamic motion and preferred resting sites of single
atom metallic species on surfaces in aqueous salt solution, revealing a closer match
to theoretical calculations than is achievable with ex situ vacuum phase imaging. The
approach provides exciting new opportunities for studying the dynamic behaviour of
nanomaterials interacting with liquids. [4]

References:

[1] Nanometer resolution elemental mapping in graphene-based TEM liquid cells,
Kelly et al Nano Letters (2018) 18 (2), 1168-1174.

[2] Capillary condensation under atomic-scale confinement, Q Yang et al, Nature
588 (7837), 250-253 (2020); Ballistic molecular transport through two-
dimensional channels, A Keerthi et al, Nature 558 (7710), 420-424 (2018).

[3] In situ TEM imaging of solution-phase chemical reactions using 2D-
heterostructure mixing cells Kelly et al, Advanced Materials, (2021)
https://onlinelibrary.wiley.com/doi/full/10.1002/adma.202100668.

[4] lon exchange in atomically thin clays and micas. Zou et al. Nature Materials (2021)
[https://www.nature.com/articles/s41563-021-01072-6] Atomically thin micas as
proton-conducting membranes. L. Mogg, et al, Nature Nanotechnology, 14, 962 +
966 (2019).
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6KLEDEUDWD %PYDN- 7DYDEL
&KDQGUDPRKDQ *RIRAKILP 0D\HU
5DIDO ( 'XQLQ %RYGRIZWWI$S (LFKHO

,QVWLWXWH RI (QHUJ\ DQG &OLPDWH 5HVHDUFK )XQGDPH

JRUVFKXQJV]HQWUXP -sOLFK *PE+ ~«OLFK *HUP

(UQVW 5XVND &HQWUH IRU OLFURVFRS\ DQG 6SHFWURVFR

*UsQEHUJ ,QVWLWXWH )RUVFKXQJV]HQWUXP -«OLFK *PE+

"\WVRQ 6FKRRO RI 'HVLJQ (QJLQHHULQJ ,PSHULDO &ROOF
IRQGRQ 8.

V EDVDN#I] MXHOLFK GH

6L KDV JDLQHG FRQVLGHUDEOH DWWUDFWLRQ DV DQ DQRGH
FRPSRVLWH HOHFWURGHY WKDW KDYH GLIITHUHQW DPRXQW\
FDSDFLW\ IRU 6% RI IBKRYBEDVHG RQ6 D/WRLFKLRPHWU\ RIIF
HQKDQFHPHQW LQ FDSDFLW\ ZKHQ FRPSDWHG BHEWX SXUH JI
+RZHYHU WKH EUHDNLQJ RI 6L SDUWLFOHV EHFDXVH RI VW
GXULQJ EDWWHU\ FKDUJH GLVFKDUJH F\FOHV OLPLWYV H[S
UDWH FDSDELOLWLHV ,Q SDUWLFXODU WKH ODUJH YROXP
OLWKLDWLRQ FDQ UHVXOW LQ SDUWLFOH SXOYHULVDWL
HOHFWURO\WH LQWHUSKDVH 6(, IRUPDWLRQ 7KH VL]H C
GHSHQGHQW OLWKLDWLRQ EHKDYLRU RI 6L KDV EHHQ UHS
DERXW KRZ WKH PHFKDQLFDO FKDUDFWHULVWLFV RI 6L SDL
DQG DIIHFW WKHLU HOHFWURFKHPLFDO SHUIRUPDQFH (YH
HDVLO\ EUHDN > @ GXULQJ FKDUJH GLVFKDUJH F\FOHV RZL
DUH VWLOO SODJXHG E\ H[FHVVLYH HOHFWURO\WH FRQVXF
IRUPDWLRQ HYHQWY ZKLFK FDXVHV UDSLG GHSOHWLRQ RI
VLOLFRQ 6L DQRGH SDUWLFOHV LV D FRPPRQ VWUDWHJ\
LQWHJULW\ WR PLWLJDWH EDWWHU\ FDSDFLW\ IDGLQJ GXF
FDQ UHVXOW LQ SDUWLFOH FUXPEOLQJ GXH WR OLWKLDWL
HOHFWURO\WH LQWHUIDFH LRUPEBWR®DP LAHLHR QZ H OHMN UR Q
LQ DQ RSHQ FHOO WRFREWEZQWYWDRW DAVAIFOHY XQGHUJR W]
GHSHQGHQW UXSWXUH RQ EDWWHU\ F\FOLQJ ZKHUH WKLFNH
WKLQQHIP FRDWLQJV ZKLFK FRUURERUDWHY WKH GLITHUH:

SHIHUHQFHYV
> @ 6 %DVDN HW DO $&6 $SSO (QHUJ\ ODWHU
> @ 6 %DVDN HW DO &KHP &RPPXQ

I+
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+ 5RVH

80P 8QLYHUVLW\ $OEHUW (LQVWHLQ $OOHH €

KDUDOG URVH#XQL XOP GH

$ QRYHO WKHRU\ LV RXWOLQHG ZKLFK UHSUHVHQWY D SUR
ORGHO DQG WR WKH 'LUDF WKHRU\ RI WKH HOHFWURQ DQG
PDVV DQG WKH VLJQ RI WKH FKDUJH RI HOHPHQWDU\ SDL
RSSRVLWH DQJXODU PRPHQWXP DWWUDFW HDFK RWKHU
SDUWLFXODU WKH HOHFWURQ LV D IRXU GLPHQVLRQDO V
RSSRVLWH KHOLFLW\ 7KH IRUFH EHWZHHQ WKH FRQVWLWXI
K\SHU V\PPHWULF IRXU GLPHQVLRQDO ' SRWHQWLDO ZKLI
HTXDWLRQ 7KH ' URWDWLRQDO +DPLOWRQLDQ RI WKH FRP
UDGLXV DQG RQ WKUHH DQJOHV RQH RI ZKLFK LV LPDJLC
URWDWLRQ LQ OLQNRZVNL VSDFH RI WKH WLPH OLNH D[LV
UHSUHVHQWLQJ D /RUHQW] WUDQVIRUPDWLRQ 7KH UHVXO\
PDVVLYH SDUWLFOHV FDQ RQO\ EH VWDEOH LI WKH\ KDYH
HOHPHQWDU\ UDGLXV 7KLV UDGLXV LV DQ HLJHQYDOXH
GHWHUPLQHV WKH PDVV RI WKH SDUWLFOH 7KH VLJQ RI WK
DQG WKH ULJKW KDQGHG VSDFH WLPH URWDWLRQ 7KH HL
UHODWHG ZLWK WKH &RPSWRQ ZDYHOHQJWK DQG GHWHUE
SDUWLFOH +HQFH WKH QRYHO WKHRU\ H[SODLQV WKH RUL.
ILHOG :H GHPRQVWUDWH WKH IHDVLELOLW\ RI WKH QRYHC(
DWRP 7KH UHVXOWLQJ ILQH VWUXFWXUH IRUPXOD GLIIHUV
EHFDXVH LW DFFRXQWYV IRU WKH /DPE VKLIW
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PA21

POSTER SESSION B

PBO1

PB02

PBO3

PB04

PBO5

PB0O6

CONTINUOUS ILLUMINATION PICOSECOND IMAGING OF
MAGNETISATION DYNAMICS IN A TRANSMISSION
ELECTRON MICROSCOPE

T. WeRels, University of Duisburg-Essen (Germany)

MAPPING OXYGEN COLUMNS IN MAGNETITE CRYSTALS
USING DIFFERENTIAL PHASE CONTRAST STEM IMAGING

Xuyang Zhou, Max-Planck-Institut fir Eisenforschung
(Germany)

ELECTRON OPTICS
3Jachtkelder “ castle ground floor

PERFORMANCE ESTIMATES FOR A GROUND-POTENTIAL
MONOCHROMATOR

Felix Borrnert, CEOS GmbH (Germany)

CEFID: A FLEXIBLE PLATFORM FOR SPECTROSCOPIC
EXPERIMENTS

Giulio Guzzinati, CEOS GmbH (Germany)

HIGH COHERENCE ELECTRON SOURCES FOR
ULTRAFAST TRANSMISSION ELECTRON MICROSCOPY
BASED ON PHOTOASSISTED FIELD EMISSION

Rudolf Haindl, Max Planck Institute for Multidisciplinary
Sciences (Germany)

COMBINATION OF ABERRATION CORRECTION WITH A
THIN-FILM ZERNIKE PHASE PLATE

Simon Hettler, Universidad de Zaragoza (Spain)

THE NEXT GENERATION OF IN-SITU OPEN CELL
ENVIRONMENTAL DOUBLE ABERRATION CORRECTED E-
(S)TEM: ARTEMIS

Leonardo Lari, University of York (UK)

THE USER ADJUSTABLE POLE-PIECE *A TEM HEART
TRANSPLANT

Patrick McBean, Trinity College Dublin (Ireland)




PBO7

PB0O8

ENERGY DISCRIMINATION USING CMOS-COMPATIBLE
ARRAYS OF PHOTODIODES IN SCANNING ELECTRON
MICROSCOPY

Jorge Saenz-Noval, University of Cadiz (Spain)

CAN A PROGRAMMABLE PHASE PLATE SERVE AS AN
ADAPTIVE Cs CORRECTOR IN THE TEM?

Francisco Vega, University of Antwerp (Belgium)




TUESDAY MAY 10™, 2022

POSTER SESSION C

PCO1

PCO02

PCO3

PCO0O4

PCO5

PCO6

PCO7

PC08

METHOD DEVELOPMENT & DATA SCIENCE / THEORY
3Vaalsbroekerhof ~ castle ground floor

SINGLE SCAN STEM EMCD IN 3-BEAM ORIENTATION

Hasan Ali, Stockholm University (Sweden)

REDUCING ELECTRON BEAM DAMAGE THROUGH
ALTERNATIVE STEM SCANNING STRATEGIES

Armand Béché, University of Antwerp (Belgium)

THE EFFECT OF DYNAMICAL SCATTERING ON PHASE
RETRIEVAL IN 4D-STEM

Laura Clark, University of Leeds (UK)

IMPROVEMENTS IN DATA PROCESSING OF STEM-DPC
WITH DISTORTED BRIGHT FIELD DISK

Sivert Dagenborg, NTNU (Norway)

TRANSIENT HEXATIC PHASE OBSERVED BY HIGH-
COHERENCE ULTRAFAST ELECTRON DIFFRACTION

Till Domrése, Max Planck Institute for Multidisciplinary
Sciences (Germany)

OPTIMIZATION OF IMAGING CONDITIONS FOR
COMPOSITION DETERMINATION BY ANNULAR DARK
FIELD STEM

Saleh Firoozabadi, Philipps-Universitat Marburg (Germany)

DIRECT ELECTRON PTYCHOGRAPHY OF STRONG PHASE
OBJECTS

Chuang Gao, University of Antwerp (Belgium)

ATOMIC RESOLUTION STEM MAPPING OF MOMENTUM
TRANSFER AND ELECTRON ENERGY LOSS

Benedikt Haas, Humboldt-Universitat zu Berlin (Germany)




PC09

PC10

PC11

PC12

PC13

PC14

PC15

PC16

PC17

PC18

PTYCHOGRAPHY FOR CHARGE TRANSFER SENSITIVITY
AND 3D STRUCTURE DETERMINATION IN 2D MATERIALS

Christoph Hofer, University of Antwerp (Belgium)

FAST 4D STEM ACQUISITION WITH EVENT BASED
ELECTRON DETECTION

Daen Jannis, University of Antwerp (Belgium)

MAGNETIC FIELD MAPPING OF 2-DIMENSIONAL AND 3-
DIMENSIONAL FRUSTRATED MAGNETS USING OFF-AXIS
ELECTRON HOLOGRAPHY

Andras Kovacs, Forschungszentrum J «lich (Germany)
APERTURED EMCD AT ATOMIC SIZED ELECTRON BEAMS

Klaus Leifer, Uppsala University (Sweden)

OPTIMISING DOSE AND SAMPLING EFFICIENCY IN PHASE
CONTRAST ELECTRON MICROSCOPY

Peng-Han Lu, Forschungszentrum J ¢lich (Germany)

A NEW APPROACH FOR 3D QUANTITATIVE STEM USING
DEFOCUS CORRECTED ELECTRON PTYCHOGRAPHY

Ali Mostaed, University of Oxford (UK)

PRECESSION SEGMENTATION TO INCREASE SPED
IMAGE RESOLUTION

Gregory Nordahl Norwegian University of Science and
Technology (Norway)

REAL TIME INTEGRATION CENTER OF MASS (RICOM)
RECONSTRUCTION FOR 4D-STEM

Chu-Ping Yu, University of Antwerp (Belgium)

FAST AUTOMATIC ANALYTICAL PARTICLE ANALYSIS
USING AN Al GUIDED SMART SCAN STRATEGY

Bert Freitag, Thermo Fisher Scientific (NL)

PHASE OBJECT RECONSTRUCTION FOR 4D-STEM WITH
MACHINE LEARNING

Thomas Friedrich, University of Antwerp (Belgium)
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MONDAY MAY 9™ 2022

AND

TUESDAY MAY 10™, 2022

POSTER SESSION S

PSO1

PS02

PS03

PS04

PS05

PS06

PS07

SPONSORS
3aalsbroekerhof ~castle ground floor

HYBRID-PIXEL DETECTORS FOR TEM BY DECTRIS

Luca Piazza, DECTRIS Ltd. (CH)

PULSED LASER INTEGRATION AND ELECTROSTRATIC
SYSTEMS FOR DODE MODULATION AND TEMPORAL
RESOLUTION TEM

Manuel Reinhard, JEOL GmbH (Germany)

CLIMATE - EXPOSE YOUR SAMPLE TO A CONTROLLED
GAS ENVIRONMENT WITH PRESSURES UP TO 2 BAR AND
SWITCH GASSES IN SECONDS

Eva Bladt, DENSsolutions BV (NL)

MERLIN EM, HYBRID PIXEL ARRAY COUNTING DETECTOR
FOR TRANSMISSION ELECTRON MICROSCOPY

Matus Krajnak, Quantum Detectors Ltd. (UK)

DYNAMICAL STUDIES OF ADVANCED MATERIALS
COMBINING IN SITU 4D-sPED MAPPING AND PIXELATED
DETECTORS

Alan Robins, NanoMEGAS SPRL (Belgium)

AXON DOSE: A MACHINE VISION SOLUTION FOR
ACCURATE, QUANTIFIABLE DOSE MANAGEMENT IN THE
TRANSMISSION ELECTRON MICROSCOPE

David Nackashi, Protochips Inc. (USA)

IMPROVING SAMPLE DISPERSION WITH AN ADDITIONAL
ULTRATHIN CARBON LAYER

Claire Naylor, Quantifoil (Germany)



PS08

PS09

PS10

DEDICATED WORKFLOWS FOR ATOMIC STEM BASED
ANALYSIS ON LITHIUM BASED BATTERY MATERIALS

Eric Van Cappellen, Thermo Fisher Scientific (USA)

QUANTITATIVE MAPPING OF LITHIUM IN THE SEM USING
COMPOSITION BY DIFFERENCE METHOD

Saleh Gorji, Gatan Inc. (USA)
LIQUID HELIUM CRYO-TEM

Denys Sutter, condenZero GmbH (CH)
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,QWHUQDWLRQDO ,EHULDQ 1D @GR &b PKYRARY\ RD E ROWHD WR Y
%UDBRUWXJIDO
&HQWUR GH ,QYHVWLJIDFLYQ HQ 4XtPLFD %LROY[LFD H 0D\
DQG 'HSDUWDH MRVWRFDBIMLYHUVLGDGH GH 6DQWLDJR GH &
6DQWLDJR GH &B8BRQWHOD
'HSDUWPHQW Rl &RQGHQVHG ODWWHU 3K\VLFV )DFXOW\
%DUFHORQDWDUFHORQD 6SDLQ
'HSDUWDPHQWR GH )tVLFD $SGHFOB@W BRLR HKUHV RGBSRV W
6DQWLDJR GH &RPSRVWHOD 6SDLQ
'HSDUWPHQW RI $SSOLHG 3K\VLFV $SDOWR 8 PLYGIDY GW \
,QVWLWXWR GH 1DQRFLHQFLD \ ODWHULDOHV GH $UDJyQ |,
DQG &RQVHMR 6XSHUERRQGN SLHOMWIHIDDYMIR]D 6SDLQ

[HOULTXH FDUER#LQO LQW

7KH FRQWULEXWLRQ RI FRKHUHQW DQG LQFRKHUHQW SKR(
QDQRVWUXFWXUHG VXSHUODWWLFHD &RPEUTHBE2 VAW XGLHG L
PXOWLOD\HU VDPSOHV E\ WXQLQJ WKHLU SHULRGLFLWLHV

$EHUURWURGFWHG B6FDQQLQJ 7UDQVPLVVLRQ 67QHFWURQ

FKDUDFWHUL]DWLRQ DQG )RFXVHG ,RQ %HDP )L% UMDUDRPS
SRZHUIXO WR XQGHUVWDQG WKH VWUXFW XH W \B Q)XGF RKXHPH\F
DWRPLF OQH WHKQY@RHUKDYH IROORZHG WKDW DSSURDFK WR
ODPHOODV Rl QDQRVWUXFWXUHG VXSH&Q BW0DAHYS$ PDGH

WKRURXBR($& QDO\VLV Rl WKRVH 7(0 ODPHOODV FRPELQLC
GLVSHUBDYW SHFWURVFRS\ ('; KDV EHHQ FDUULHG RXW L
PXOWLOD\HU VWUXFWXUH RI WKHVH PDWHULDOV DQG FRL
SURBWLHY FRQFOXGLQJ WKDW VPDOO YDULDWLRQV LQ Wt
OD\HUV FDQ EH XVHG WR FRQWURIOWN RH W/KHNIHP VO FHRUDABEDW V

)L J &$+$$')67(0 LPDJHV IURPDWERHW &2 6 ZLWK GLIIHUHQ\
WK LFNIRMEBHULRGLFRWSY VKRZLQJ WKH GLVWULEXWLRQ RI

SHIHUHQFHYV
> @WODOGRYDW 0D WRQ
>@ ' % XIHDW GR3K\V &KHP /HWW 9RO
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O IURPPH\HU#PSLH GH

6HJUHIJDWLRQ WR JUDLQ ERXQGDULHV *%V FDQ OHDG WR
SURSHUWLHY > @ 2QH SURPLQHQW H[DPSOH LV ELVPXWK *
*% HPEULWWOHPHQW > @ 7KHUPRG\QDPLF PRGHOV FDQ Sl
HITHFWV LQ JHQHUDO +RZHYHU DWRPLVWLF RULJLQV DQ
VHIUHIJDWLRQ ZLWKLQ WKH *% VWUXFWXUH DUH UDUHO\
LQYHVWLIJDWHG E\ DWRPLF UHVROXWLRQ LPDJLQJ DQG VSH
$J VHIUHIDWLRQ LQ &X DV D PRGHO V\VWHP GXH WR LWV O
DQG LPPLVFLELOLW\ ZKLFK DFWV DV D GULYLQJ IRUFH IR
HSLWD[LDOO\ JURZQ ' &X WKLQ ILOP ZDV XVHG WR DQDO\
DQG VHIJUHJIJDWHG F I~ " WLOW JUDLQ ERXQGDULHV
*%V REWDLQHG E\ XVLQJ D IRFXVHG LRQ EHDP ZHUH LQ)
FRUUHFWHG +$%$') 67(0 $V VKRZQ LQ )LJ WKH FOHDQ *% °
D GRXEOH VTXDUH JUHHQ DQG D JLSSHU XQLW EOXH &RQ
E\ GHSRVLWLQJ D QP WKLQ $J OD\HU RQ WKH &X ILOP L
f& IRU K ,QWHUHVWLQJO\ WKH $J HQULFKHG *% DGRSW
1HDU DWRPLF UHVROXWLRQ HQHUJ\ GLVSHUVLYH ; UD
SHUIRUPHG WR UHVROYH WKH $J SRVLWLRQV ZLWKLQ WKH
LQ D SHULRGLF DUUDQJHPHQW ZLWK PD[LPD HDFK QP $\
SHDNV FRLQFLGH ZLWK WKH JLSSHU XQLW $WRPLVWLF VL
XQGHUO\LQJ PHFKDQLVPV OHDGLQJ WR WKH REVHUYHG $J V
LOWHUIDFLDO SURSHUWLHYVY ZLOO EH GLVFXVVHG
$FNQRZOHGJPHQW 7KLV SURMHFW KDV UHFHLYHG IXQGLQ
&RXQFLO *UDQW DJUHHPHQW 1R *% &255(/$7(
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+HLNH *DEUQVFKDHOD -DRRYWINDQ 3\F]DN
ODUFXV : 5DFQGEHOHDYV 6WDUN

+HOPKROW] =HQWUXP +HUHRQ OHWDO 3K\VLFV O0D[ 30DQF
*HUPDQ\
,QVWLWXWH RI 7TKHUPRPHFKDQLFV Rl WKH &]HFK $FDGHI
&]HFK 5HSXEOLF

KHLNH JDEULVFK#KHUHRQ GH

J7LWDQLXP DOXPLQLGHVY DUH VWUXFWXUDO PDWHULDOV |
HQJLQHV $W $O0 FRQWHQWY EHWZHHQ DW WKHLU PL
RUGHUHG ®SKKXWHHNJIJRQDD WIHQMJDJRQDO WKDW IRUP ODPHOC
DOOR\LQJ ZLWK SIDVWKEHFRPHY PHWDVWDEOH ,Q WKH W
EHWZHHQ f& FRQWLQXRXV WUDQVIRUPDWLRQV LQY
GLIIXVLRQ DUH REODHPUHOHOD HQ 7KH SURGXFW LVDDSKIOWHKUH R
DQG RUWKRUKRPELF 2 SKDVH OHDVXUHPHQWYVY LQ WKH DOC
VL]H Rl 2 SKDVH GRPDLQV GHFUHDVHV GXULQJ DQQHDOLQJ
1E SDUWLWLRQV WR 2 SKDVH GRPDLQV

7KH HIIHFW RI WKHVH PLFURVWUXFWXUDO FKDQJHV RQ P
PRQLWRUHG E\ LQ VLWX KHDWLQJ 5HVRQDQW 8OWUDVRXQ
GLVWLQFW LQFUHDVH LQ WKH HODVWLF FRQVWDQWYV LV
PLFURVWUXFWXUH DQG HODVWLF FRQVWDQWY VKRZV WKDW
RUWKRUKRPELF VIPPHWU\ LQ WKH EHJLQQLQJ RI WKH DQQH
LPSDFW RQ WKH REVHUYHG LQFUHDVH

)LJ  +H[DJRGRDVH LQ > @)LJ > @ SURMBPRWLRQ RI
SURMHFWLRQ SKDVHV DIWHU WUDQVIRUPDWL

SHIHUHQFHV
> @ ODUFXV :LOOL 5DFNHO HW DO $FWD ODWHULDOLD
>@ 3 6HGOIN HW DO %HQFKPDUN ([DPSOHV ([SHULPHQMW



























































































































































































































