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In the roughly two de cades since its in tro duc tion, 3D elec -
tron dif frac tion (3D ED) has evolved from a niche tech -
nique to a widely used, es tab lished struc ture de ter mi na tion
method. It has un der gone rapid de vel op ment in all stages of 
the anal y sis, from data col lec tion tech niques and in stru -
men ta tion to im prove ments in data pro cess ing and struc -
ture-re fine ment tech niques, which now en able the
ap pli ca tion of the dy nam i cal the ory of dif frac tion in the
cal cu la tion of model in ten si ties.

At pres ent, the fun da men tals of 3D ED are well es tab -
lished, and the tech nique is rou tinely used to de ter mine
crys tal struc tures of mi cro- and nanocrystals. The fo cus of
the de vel op ment is shift ing to wards spe cific ap pli ca tions
and re main ing prob lems. The pre sen ta tion will fo cus on
these de vel op ments.

One di rec tion is the con tin u ous im prove ment of the at -
tain able ac cu racy of the re sult ing struc ture mod els. The re -
fine ment R-fac tors can reach val ues as low as 3% in
ex cep tion ally good cases, and val ues be low 6% are not un -
com mon. At this level of ac cu racy, it be comes pos si ble to
go be yond sim ple struc ture de ter mi na tion, and charge den -
sity stud ies be come fea si ble. In deed, a few re cent pub li ca -
tions [1-3] have dem on strated that charge-den sity stud ies
are fea si ble with 3D ED. In ter est ingly, charge-den sity
anal y sis of struc tures con tain ing heavy at oms is eas ier with 
elec tron dif frac tion than with X-ray dif frac tion, due to the
dif fer ent sen si tiv ity of elec tron dif frac tion to charge den -
sity ef fects.

An other di rec tion of de vel op ment fo cuses on im prov -
ing the re fine ment pro ce dure it self. In par tic u lar, the
above-men tioned high-qual ity re fine ments are pos si ble
only on per fect crys tals. When the crys tal con tains im per -
fec tions, the qual ity of the dy nam i cal re fine ment can
quickly de te ri o rate. To ad dress this prob lem, mod els have
been de vel oped to ac count for crys tal mosaicity, and mod -
els that han dle the pres ence of crys tal de fects are un der de -
vel op ment – some of these ef forts will be dis cussed in the
con tri bu tion by prof Holý at this meet ing.

Other ef forts are aim ing at high-through put data col lec -
tion and pro cess ing. Sys tems like AutoLEI [4] aim to au to -
mat i cally col lect and pro cess many datasets, with the idea
that av er ag ing across datasets can at least par tially re move
dy nam i cal dif frac tion ef fects, and that a high-qual ity re -

fine ment can then be ob tained with a sim ple kinematical
the ory. A spe cific ap pli ca tion of a high-through put data
col lec tion is the de ter mi na tion of the enantiomeric ex cess
of a chiral, but not enantiomorphically pure ma te rial. Such
de ter mi na tion re quires com bin ing mea sure ments from
many crys tals with the ab so lute-struc ture de ter mi na tion for 
each by dy nam i cal re fine ment [5]. It is a chal leng ing
method, but the ben e fit is that it is the only avail able tech -
nique for de ter min ing the enantiomeric ex cess of a ma te rial 
that does not con tain chiral con stit u ents, such as some
chiral MOFs or zeolites.

Fi nally, a sig nif i cant amount of ef fort is in vested in a
tech nique called SerialED. In this tech nique, anal o gous to
se rial X-ray crys tal log ra phy, a sin gle dif frac tion pat tern is
col lected from each crys tal, and a com plete dataset is ob -
tained by com bin ing dif frac tion pat terns from many crys -
tals. Re cent work [6] has dem on strated that us ing
pre ces sion elec tron dif frac tion – a tech nique many con sid -
ered out of fash ion in re cent years – can sig nif i cantly boost
the power of SerialED and yield struc ture mod els of com -
pa ra ble qual ity to those ob tained from sin gle crys tals.

All these ef forts aim to make 3D ED an even more ver -
sa tile, broadly ap pli ca ble, and ac cu rate tech nique than it al -
ready is.
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Co op er a tive phase tran si tions are diffusionless and re vers -
ible phase tran si tions caused by a con certed dis place ment
of mol e cules, at oms, and ions in crys tals. They are gen er -
ally as so ci ated with in ter est ing mac ro scopic phe nom ena,
such as the tun ing of the me chan i cal prop er ties of the ma te -
ri als un der go ing the tran si tion and shape-shift ing ef fects,
and they have been ex ten sively stud ied in met als, in or ganic 
al loys and ce ram ics [1]. Re ports on co op er a tive poly mor -
phic tran si tions of mo lec u lar crys tals are still rare and the
mo lec u lar mech a nisms un der ly ing these pe cu liar trans for -
ma tions are still largely un known [1-3]. Un der stand ing
these pro cesses can lead to an un prec e dented con trol of
mo lec u lar poly mor phism that might be ex ploited in a wide
range of fields, e.g., drugs de vel op ment, high-en ergy ma te -
ri als, next-gen er a tion elec tronic and op to el ec tronic ma te ri -
als, or soft ac tu a tors.

One class of mol e cules po ten tially ex hib it ing co op er a -
tive phase tran si tions is BTBT with sym met ri cal long
aliphatic hy dro car bon side chains (Fig ure 1).

So far, re ported struc tures of these com pounds at room
or low tem per a tures showed nearly only so-called her ring -

bone pack ing of the mol e cules, al ter na tively, p-stack ing
was also ob served in a few cases (Fig ure 2). The known
struc tures for each mol e cule were only up to two poly -
morphs and no tran si tions be tween her ring bone and

p-stack ing was reported.
We pre pared the start ing ma te ri als both by crys tal li za -

tion from sol vent and by sub li ma tion, in clud ing di rect sub -
li ma tion on TEM grids. Fur ther, we com bined pow der
X-ray dif frac tion, which pro vided a quick iden ti fi ca tion of
phase tran si tion tem per a tures and 3D elec tron dif frac tion
to solve crys tal struc tures. Im ag ing in TEM was also used
to study shape-shift ing of the crystals during phase
transitions.

Study of C4-BTBT re vealed two new poly morphs apart 
from the known room tem per a ture one crys tal liz ing in P-1

space group (Fig ure 3) which adopts p-stack ing pack ing.

Tran si tion to P21/a_HT polymorph oc curs above 350K and 
the pack ing of this polymorph is her ring bone. Cool ing be -
low 220K leads to tran si tion to P21/a_LT polymorph,

which has p-stack ing pack ing of the cores. Sub stan tial
shape-shift ing was ob served for P21/a_LT to P-1_RT
phase transition (Figure 4).

We iden ti fied five dif fer ent poly morphs of C6-BTBT.
Two room- and three low-tem per a ture poly morphs. The
room tem per a ture poly morphs show both her ring bone
pack ing. They are polytypes, one with prim i tive unit cell
and the other with I-cen tered cell. The nearly pure
polymorph with cen tered cell was pre pared only by sub li -
ma tion on TEM grids. The crys tals pre pared by crys tal li za -

Fig ure 1.  BTBT with butyl, pentyl and hexyl side chains.

Fig ure 2.  Ex am ple of herringbone (left) and p-stack ing (right)

pack ing of the ar o matic cores of Cx-BTBT.

Fig ure 3. Phase tran si tions of C4-BTBT.
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tion from sol vent had prim i tive unit cell and of ten showed
com pe ti tion be tween these two polytypes re sult ing in spe -
cific dif fuse scat ter ing. Be low 250K, the room tem per a ture 
P21/a phase trans forms to P-1_HT phase, which still adopts 
the her ring bone pack ing. Cool ing be low 230K leads to

tran si tion to C2/c struc ture with p-stack ing pack ing and
fur ther cool ing be low 90K leads to tran si tion to P-1_LT

with a dif fer ent p-stack ing pack ing (Fig ure 5). Fig ure 6
shows sig nif i cant shape-shift ing in tran si tion from C2/c to
P21/a.

C8-BTBT showed four dif fer ent poly morphs. One
room- tem per a ture and three low-tem per a ture. The room-
 tem per a ture one is anal o gous to C6-BTBT struc ture. Also
the phases at the low est tem per a ture are anal o gous
(P-1_LT). The dif fer ence oc curs upon tran si tion to
room-tem per a ture P21/a, where C8-BTBT ma te rial trans -
forms via a tran si tion phase sta ble only in a nar row (about
20K) tem per a ture range, which is in com men su rately mod -
u lated. The mod u la tion is very strong and af fect mainly the

dis tance be tween the p-stacked ar o matic cores. The last ob -
served phase was af fected by a very strong dis or der, so its
struc ture could not be solved. The struc ture is very prob a -

bly sim i lar to C6-BTBT C2/c, but the layer stack ing is vir -
tu ally ran dom and os cil lates be tween prim i tive and C-cen -
tered polytypes. A situation similar to room-temperature
polytypes of C6-BTBT.
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The co op er a tive phase tran si tion re search was sup ported
by the Czech Sci ence Foun da tion, grant num ber
24-12403S.

Fig ure 4. Trans for ma tion of C4-BTBT P21/a_LT to high tem per a ture phase, pre sum ably P-1_RT ac cord ing to XRPD.

Fig ure 5. Left to right, top to bot tom struc tures of C6-BTBT (only
ar o matic cores shown) P21/a (her ring bone), P-1_HT (her ring -

bone), C2/c (p-stack ing) and P-1_LT (p-stack ing).
 Fig ure 6. C6-BTBT tran si tion from C2/c to P21/a.
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Site oc cu pancy in min er als is an im por tant pa ram e ter in
earth and plan e tary sci ence, as it may re veal the geo log i cal
his tory of the in volved phases. In par tic u lar, the stud ies of
intracrystalline ex change re flect tem per a tures and/or pres -
sures of crys tal li za tion or sys tem clo sure, or they may in di -
cate cool ing rates for a rock host ing a given min eral.
Pro ce dures have been de vel oped and cal i brated for com -
mon sim ple sil i cates like ol iv ine, gar net or pyroxene
mostly be cause they rep re sent im por tant rock-form ing
min er als. The ther mo dy namic ba sis of intracrystalline
geothermometry in monoclinic py rox enes (M2M1T2O6) is
gov erned by the Fe2+–Mg ex change equi lib rium be tween
the two crys tal lo graphi cally dis tinct oc ta he dral sites (M1
and M2) within the pyroxene struc ture.

We have stud ied clinoferrosilite from an in clu sion in
the Muong Nong-type tek tite (indochinite) from Laos. The
stud ied in clu sion is round about 8 mi crom e ters in di am e ter. 
It is mostly com posed of sul fides – Ni-rich pentlandite and
Fe-rich pyrrhotite. How ever, the most enig matic phase is
its mag ne sium rich rim formed by clinoferrosilite.
Clinoferrosilite was stud ied by the 3D elec tron dif frac tion
tech nique and the struc ture its struc ture was re fined us ing
the dy nam i cal ap proach. The re sults were com pared with
the clinoferrosilite data avail able in the ICSD da ta base.

Our data of Fe oc cu pancy closely fol low the trendlines
(Fig ure 1), which means that the dy nam i cal re fine ment of
3D ED data gives re sults com pa ra ble to the es tab lished
tech niques of X-ray dif frac tion and Mössbauer spec tros -
copy. And there fore, the method can be used for full geo -
log i cal in ter pre ta tion and comparison with XRD data.

1. R.J. An gel, C. McCammon, A.B. Wood land, Phys Chem
Min er als 25, (1998), 249.
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Dynamická teorie elektronové difrakce je dùležitý nástroj
pro analýzu elektronových difrakèních dat. Na rozdíl od
bìžnì užívané dynamické rtg difrakce, vyžaduje dyna -
mická elektronová difrakce použití mnoha (nìkolik set)
rovinných komponent elektronové Blochovy vlnové
funkce, což komplikuje teoretický popis. Elektronová vlna
difraktovaná krystalem s náhodnì rozloženými defekty je
superpozici koherentní a difuzní komponenty; koherentní
vlna (pokud je pøítomna) vytváøí ostrá difrakèní max ima a
difuzní složka pøispívá do pomalu se mìnícího pozadí.

Elektronová strukturní analýza používá vìtšinou jen
koherentní složku a je proto dùležité korektnì dynamicky
poèítat koherentní difraktovanou vlnu na základì
strukturního modelu defektù.

Pøíspìvek obsahuje poslední výsledky našich výpoètù
pro jednoduchý strukturní model defektù. Metoda je
odvozena ze statistické dynamické teorie rtg difrakce
publikované jedním z nás (V.H.) pøed asi 45 lety a používá
formalismus analogický Dysonovì rovnici používané v
teorii pevných látek.

Fig ure 1. Fe oc cu pancy in clinoferrosilite. Trendlines dis play fits 
based on the Mössbauer spec tros copy data from [An gel 1998].
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Stenotrophomonas maltophilia is a gram-neg a tive bac te -
rium from the class Gammaproteobacteria, rec og nized as a
cause of hos pi tal-ac quired in fec tions and no ta ble for its
multidrug re sis tance. One of its nu cleases, SmNuc1, be -
longs to the S1-P1 fam ily of en zymes that cleave nu cleic
ac ids. While S1-P1 nu cleases are found in sev eral
multidrug-re sis tant bac te ria, their bi o log i cal roles re main
poorly un der stood.

SmNuc1 is a zinc-de pend ent en zyme with a pre dom i -

nantly a-he li cal fold. Its ac tive site is a sur face cleft con -
tain ing a trinuclear zinc clus ter co or di nated by nine
res i dues. Pre vi ous stud ies have de scribed the ex pres sion,
pu ri fi ca tion, and char ac ter iza tion of SmNuc1 [1], and re -

cently, seven X-ray crys tal struc tures - the free en zyme

and com plexes with RNA, cleav age prod ucts - have been
re ported [2]. 

Small nee dles of SmNuc1 were crys tal lized, pipetted to
golden grids and vit ri fied us ing a Vitrobot. Elec tron dif -
frac tion data were col lected in the In sti tute of Phys ics AS
CR (a 200 kV trans mis sion elec tron mi cro scope FEI
Tecnai G2 20 equipped with a Chee Tah M3 hy brid pixel
de tec tor). The col lected dif frac tion data were vi su ally
checked us ing PETS2 [3] and fi nally pro cessed in DIALS
[4]. The data merged from five crys tals were pro cessed to
2.86C res o lu tion with over all com plete ness 83.4 %. The
phase problem was solved by mo lec u lar re place ment in
Phaser [5] us ing one chain of a SmNuc1 X-ray crys tal
struc ture with PDB code 8QJO. The struc ture is un der re -
fine ment in Phenix [6] with cur rent R-fac tor 30.9 % and
Rfree 35.6 %. 

The pre sen ta tion will de scribe our first pro tein struc ture 
solved us ing elec tron dif frac tion and over com ing dif fi cul -
ties in in di vid ual steps of solv ing the struc ture.
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Crystallisation of pro teins and nu cleic ac ids) of CIISB, In -
struct-CZ Cen tre, sup ported by MEYS CR (LM2023042)
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 BioImaging). This work was sup ported by the in sti tu tional
sup port of IBT CAS, v.v.i. (RVO: 86652036) and the Czech
Sci ence Foun da tion (25-17546S). Elec tron dif frac tion
stud ies were sup ported by the CzechNanoLab Re search In -
fra struc ture sup ported by MEYS CR (LM2023051) and
pro ject Terafit sup ported by the MEYS CR
(CZ.02.01.01/00/22_008/0004594).

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 32,  no. 2 (2026)       119



Ó Krystalografická spoleènost

120 Struktura 2026 -  Lec tures Ma te ri als Struc ture, vol. 32, no. 2 (2026)

L20

 ION BEAM METHODS AND ION MICROPROBE AT LABORATORY OF TANDETRON
AT NPI ØEŽ

Vladimír Havránek

Nu clear Phys ics In sti tute of the CAS, Øež 292, 250 68 Husinec

havranek@ujf.cas.cz

The Nu clear Phys ics In sti tute (NPI) has a long tra di tion in
the use of nu clear an a lyt i cal tech niques. A sig nif i cant mile -
stone was achieved in 2006 with the in stal la tion of a 3 MV
Tandetron ac cel er a tor. Since then we have con structed sev -
eral ion beam lines and tar get cham bers for spe cial ized ion
beam tech niques in clud ing MeV ion microprobe, TOF
ERDA (time of flight en ergy re coil de tec tion anal y sis),
high en ergy ion im plan ta tion, RBS (Rutherford back scat -
ter ing) chan nel ling, gen eral pur pose cham ber for si mul ta -
neous anal y sis with PIXE (pro ton in duced X-ray
emis sion), RBS or NRA (nu clear re ac tion anal y sis), PIGE ( 
pro ton in duced gamma-ray emis sion) and PESA (pro ton
elas tic scat ter ing anal y sis) or ERDA. A gen eral-pur pose
anal y sis cham ber has been de vel oped to en able si mul ta -
neous ap pli ca tion of mul ti ple tech niques, such as PIXE
(pro ton-in duced X-ray emis sion), RBS, NRA (nu clear re -
ac tion anal y sis), PIGE (pro ton-in duced gamma-ray emis -
sion), PESA (pro ton elas tic scat ter ing anal y sis), and
ERDA. This cham ber is de signed to ac com mo date large
sam ples, pro vides a vari able beam spot size, sup ports au to -
mated mea sure ments of large sam ple se ries, and al lows
test ing of par ti cle de tec tors as well as the in te gra tion of ad -
di tional meth ods, in clud ing IBI (ion beam–in duced lu mi -
nes cence) and track de tec tor stud ies.

 The large vol ume of the cham ber and its in ner ar range -
ment al low us eas ily change the ex per i men tal de sign and

add de tec tors of our choice. More re cently, a ded i cated
stage for ex ter nal beam ap pli ca tions has also been con -
structed. The over all ar range ment of the ion beam lines is
shown in Fig ure 1.

The Tandetron ac cel er a tor can pro vide ion beams of al -
most all el e ments, with the ex cep tion of no ble gases
heavier than he lium. Typ i cal beam en er gies range from
400 keV up to sev eral MeV for pro tons and he lium ions,
and from 10 to 30 MeV for heavier ions.

The ion beams are used for ma te ri als anal y sis,
ion-beam mod i fi ca tion of ma te ri als, ra di a tion hard ness
test ing, do sim e try, and par ti cle de tec tor test ing. These ap -
pli ca tions cover a broad spec trum of sci en tific and tech no -
log i cal fields. Typ i cal ex am ples of ex per i ments per formed
at the Tandetron ac cel er a tor and de scrip tion of used IBA
meth ods will be pre sented.

The re search has been car ried out at the CANAM (Cen tre
of Ac cel er a tors and Nu clear An a lyt i cal Meth ods) in fra -
struc ture LM 2015056. The au thors ac knowl edge the as -
sis tance pro vided by the Ad vanced Multiscale Ma te ri als
for Key En abling Tech nol o gies pro ject, sup ported by the
Min is try of Ed u ca tion, Youth, and Sports of the Czech Re -
pub lic. Pro ject No. CZ.02.01.01/00/22_008/0004558,
Co-funded by the Eu ro pean Un ion.” – AMULET pro ject.

Fig ure 1. TANDETRON ac cel er a tor and beam lines at NPI. From left, gen eral pur pose IBM line with ex ter nal beam stage, ion mi -
cro-beam line, high en ergy im plan ta tion line, TOF-ERDA and RBS chan nel ling line.
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MODERN METHODS FOR THE ANALYSIS OF STRUCTURE AND PHASES OF
MATERIALS: XRD SOLUTIONS OFFERED BY SCANMAT AND LANSCIENTIFIC

P. Wróbel

SCANMAT, War saw, Po land

X-ray dif frac tion (XRD) re mains one of the key meth ods
used in the anal y sis of crys tal struc ture and phase iden ti fi -
ca tion of solid ma te ri als. With the de vel op ment of in stru -
men ta tion tech nol ogy, XRD sys tems are be com ing
in creas ingly ef fi cient, com pact, and adapted to a va ri ety of

ap pli ca tions, from ba sic re search to in dus trial qual ity con -
trol. The pre sen ta tion will in tro duce se lected XRD so lu -
tions and other tech niques of fered by Scanmat in
co op er a tion with LANScientific.
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