Title: 3D electron diffraction: A new era in nanocrystallography

Abstract: Crystallography of nanocrystalline materials has undergone a major
transformation in recent years with the advent of three-dimensional electron diffraction
(3D ED). This approach enables the collection of single-crystal-quality data from
nanometer-sized crystals, allowing atomic structure determination of materials previously
inaccessible due to limited crystallinity. Although electron diffraction was long considered
less suitable for accurate structure determination due to strong multiple scattering, the
development of 3D-ED acquisition methods and nanometer-scale electron probes has
significantly improved data quality. These advances allow structure solution of inorganic,
organic, metal-organic, and biological materials from crystals far smaller than those
required for X-ray diffraction, making 3D-ED a major breakthrough in structural science.

While electron diffraction is conceptually similar to X-ray diffraction, its theoretical
treatment differs because of dynamical effects. In 3D-ED, these effects are substantially
reduced, enabling routine structure determination using standard crystallographic
software within the kinematical approximation. This presentation outlines key aspects and
advances in electron diffraction, along with its fundamentals within the kinematical
framework, and briefly addresses dynamical theory. It also demonstrates how partial
atomic charges in chemical compounds can be experimentally determined from 3D ED
data. Finally, a novel ab initio phasing method, based on physically motivated relationships
linking the stationary Schrodinger and Poisson equations via effective (kinematical) Bloch-
wave coefficients, is introduced. The approach employs gradient-based optimization and a
reflection-promotion strategy analogous to that used in classical crystallographic Direct
Methods, and has been validated on experimental datasets, yielding accurate atomic
structures.



TITAOZ: ATt TOUG VaVOKPUGTAAAOUG OTLG TPLESLACTATEG SOHEG — TIWG N NAEKTPOVLKN
mepiOAaon avoiyel véoug 3pOpouG oTh SOMLKN avaAuon

MepiAnyn: H kpuotaAoypadia vavokpuoTAAALKWY UALKWYV £XEL yVwpioel Ta teAevtaia
Xpovia yla emavaotacn Pe tnv epdavion tng Iplodldotatng NAEKTPOVLIKNG tepiBAaong (3D-
ED). H p€bodocg autn emitpemnel tn cuAAoyH dESOUEVWY TIOLOTNTAG HOVOKPUGTAAAOU ATIO
KPUOTAAAOUC SlaocTACEWY OTNV TAEN HEYEBOUG TWV VAVOUETPWY, KabBloTwvTtag duvato Tov
TIPOCOLOPLOPO TNC ATOPLKAC OOUNAC UALKWY TIOU TTPONYOUHEVWCE ATAV ATtpootta Adyw NG
TIEPLOPLOPEVNG KPUOTAAAKOTNTACG TOUG. Av Kal N tepiBAacn nAektpoviwy Bewpouvtav ya
TTOAAG XpOvia AtyOTEPO KATAAMNAN yia akpBr doutko tpoacdloplouo, e€attiag tng epdaviong
GAWOHEVWY OTIWC N EVTIoVN TIOAAATIAN OKEDAON TWV NAEKTPOVIWY, N AvATTUén HEBOdWYV
ouAoyng dedopevwy 3D-ED kat vavopetplkAg d€opNG NAEKTPOVIWY EXEL BEATIWOEL
ONUAVTIKA TNV TIOLOTNTA TWV dedoPEVWV. OL e€eAiEeELC AUTEG, HETAEL AAAWY, ETUTPETIOUV TNV
eMiAuon dopwWV avopyavwy, Opyavikwy, JETAANO-0PYAVIKWYV Kadl BLOAOYLKWY UALKWY aTttd
KPUOTAAAOUC TIOAU HLIKPOTEPOUC ATIO AUTOUC TTOU ATtattouvTal yia mepibAacn aktivwyv-X,
kaBlotwvtag tn 3D-ED pia amo tic onuavtikotepec e€eAielg otn dOULKNA ETLOTAMN.

MapoAo tou n tepiBAacn nAskTpoviwy eivat evvoloAoyLkd Ttapopola he tnv tepibAaon
aKTivwv-X, N Tapouoia ¢pavopEvwy dLVAULKAG OKEDACNC OE AUTHV TIEPLOPLLE OE PEYANO
BaBuo tn dlaxeiplon Twyv dedopévwy tne. 2tnv 3D-ED, Ta dpawvopeva autd pelwvoval
ONUAVTLKA, ETIITPETIOVTIAC TOV CUCTNHATIKO TIPOCdLOPLoHO OOUWY HUE TN XPrnon
KABLEPWHEVOU KPUOTAAOYPAPLKOU AOYLOHIKOU OTO TIAQICLO TNG KWVNUATIKAG Ttpoogyyong. H
Tapouaciacn auvt meplypAdel TIG BACIKEG TITUXEC KAl TIC TIpoodateg eEeAiéelg otnv
NAEKTPOVLKN TtepiBAaon, kaBwcg kat Ta BepeAlwdn otolxeia TG 0To TAAICLO TNE KIVNHUATLKAG
TIPOCEYYLONG, KAl avadEPETAL CUVOTITIKA 0Th duvapikn Bewpia. EmumnAgoy, yivetal avadopd
OTOV TIPOGCOLOPLOHO TWV HEPLIKWY ATOHIKWY GoPTiWY O XNULKEG EVWOELC ATIO TIELPAMATIKA
dedopeva 3D-ED. TéAog, elodyetal Yla Kawvotopog pEBodog ab initio tpoodlopLopoU
ddaocewyv, Baclopevn oe OxEoELG HETAEL TWV e€lowoewy Schrodinger kat Poisson pecw
KIWVNHATIKWY ocuVTEAEOTWY KUPAtwy Bloch. H mpooéyylon auth xpnotpotolei
BeAtlotomoinon pe kataBatikn kAion (gradient descent) kat TapopoLla GTPATNYIKA HE AUTHV
TWV KAAOLKWY Apecwyv Mebodwv Tng KpuoTtarroypadiag aktivwv-X, evw €xeL eAeyxBei oe
TIELPAMATIKA OUVOAA EQOUEVWY, TIAPEXOVTAC AKPLBElC aTOUIKEG OOHEC.



