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The Gen eral As sem bly of the United Na tions (UN), on its
121st ple nary meet ing de cided to pro claim 2014 as the In -
ter na tional Year of Crys tal log ra phy. The fol low ing text
con tains sev eral quotes and sen tences re pro duced from the
66/284 Gen eral As sem bly dec la ra tion:

Rec og niz ing the lead ing role of the In ter na tional Un -
ion of Crys tal log ra phy (IUCr), an ad her ing body of the In -
ter na tional Coun cil for Sci ence (ICSU), in co or di nat ing
and pro mot ing crys tal lo graphic ac tiv i ties at the in ter na -
tional, re gional and na tional lev els around the world, ......

The hu man kind’s un der stand ing of the ma te rial na -
ture of our world is grounded, in par tic u lar, in our knowl -
edge of crys tal log ra phy. The im pact of crys tal log ra phy is
pres ent ev ery where in our daily lives, in mod ern drug de -
vel op ment, nanotechnology and bio tech nol ogy, and un der -
pins the de vel op ment of all new ma te ri als, from tooth paste
to air plane com po nents. Ap pli ca tions of crys tal log ra phy
are crit i cal in ad dress ing chal lenges such as dis eases and
en vi ron men tal prob lems, by pro vid ing pro tein and small
mol e cule struc tures suited for drug de sign es sen tial for
med i cine and pub lic health, as well as so lu tions for plant
and soil con tam i na tion.

Per sis tent flow of No bel prizes shows that the crys tal -
log ra phy is still fer tile ground for new and prom is ing fun -
da men tal re search.

There fore, it en cour ages all Mem ber States, the United
Na tions sys tem and all other ac tors to take ad van tage of
the In ter na tional Year of Crys tal log ra phy to pro mote ac -
tions at all lev els aimed at in creas ing aware ness among the 

pub lic of the im por tance of crys tal log ra phy and pro mot ing
wide spread ac cess to new knowl edge and to crys tal log ra -
phy ac tiv i ties.

It is also worth to com mem o rate the sixty-fifth an ni -
ver sary of the found ing of the In ter na tional Un ion of
Crys tal log ra phy and the foun da tion of the jour nal Acta
Crystallographica in volv ing pres ently six vol umes A, B, C,
D, E, F de voted to spe cial ized as pects of sci en tific re -

search.”
No bel prizes awarded for crys tal log ra phy or in close

con nec tion to crys tal log ra phy were al ready listed in a short
re view [1]. In this pa per, we con cen trate es pe cially on the
last de vel op ment of the pro tein crys tal log ra phy, i.e. struc -
ture de ter mi na tion of large biomolecular com plexes in
atomic res o lu tion where the in ter na tional ap pre ci a tion
seems to be the high est.

Fig ure 1 sum ma rizes the counts of No bel prizes by each 
ten year since 1901 (the year when the first No bel prize was 
awarded). In com par i son with the chart pub lished in [1],
one can see here marks of oversampling. Split ting the in ter -
vals to halves makes the pro files more humped but be cause
we know the back ground of each event we can fol low the
causes of these humps in his tory.

The tre men dous re search on de vel op ment phys i cal
meth ods of crys tal log ra phy last ing more than  40 years in
the pe riod 1895-1940 was ap pre ci ated by seven No bel
prizes.  

The high po ten tial of X-ray crys tal log ra phy for many
im por tant ac tiv i ties of man kind was fully rec og nized in
the pe riod 1960-1980 when a com pletely new and eco -
nom i cally prom is ing in sight into the mi cro-world of
mol e cules and mo lec u lar ma chines dis cov ered com -
pletely new view on mod ern tech nol o gies. New dis cov -
er ies opened com pletely new ap proach to mo lec u lar
bi ol ogy, re vealed how mo lec u lar ma chines work and
showed ba sic prin ci ples be hind  func tion of  liv ing or -
gan isms. These dis cov er ies were re warded with five
No bel prizes. 

Rec og ni tion of high im por tance of crys tal log ra phy
in duced large in vest ments in the field, namely in de vel -
op ment of tech nol o gies and crys tal log ra phy meth -
ods. Thus, we can see four No bel prizes in 1980-2000
for de vel op ment of tech niques and also four No bel
prizes for ap pli ca tions in chem is try and mo lec u lar
bi ol ogy mostly due to the dis sem i na tion of  new meth -

od ol o gies and their ac ces si bil ity over the whole world.
Fi nally, the re cent de vel op ment (13 years of this

cen tury) shows that X-ray crys tal log ra phy still has a
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Fig ure 1. Num bers of No bel prizes closely re lated to ap pli ca tions of
crys tal log ra phy meth ods in chem is try and bi ol ogy in ten years in ter vals 
from 1900-1910 un til now. The last points count the No bel prizes per
the pe riod 2001-2013. 



high po ten tial for the fu ture of man kind.  Seven No bel
prizes awarded in the pe riod 2003-2013 uniquely show
high im por tance of the achieve ments. Par tic u larly prom is -
ing seems to be the sta tis tics in the field of pro tein crys tal -
log ra phy, where one can be fas ci nated by a new No bel
prize ev ery sec ond year.  

Why is pro tein crys tal lo gra phy re gar ded so im por tant?

Pro tein crys tal log ra phy showed us the world of liv ing or -
gan isms at atomic res o lu tion for the first time. This was
nec es sary to un der stand and ra tio nally reg u late  the pro -
cesses im por tant for life. It al lowed for ma tion of com -
pletely new fields of re search and opened our eyes to
un der stand a huge com plex ity of  pro cesses in liv ing or gan -
isms. The il lus tra tions in the ap pen dix show some ex am -
ples an swer ing the ques tions con cern ing:

• ex act con for ma tion and the conformational
changes of the larg est known mo lec u lar com -
plexes as e.g. ri bo somes,

• de ter mi na tion of in ter me di ate states nec es sary for
un der stand ing the bio chem i cal re ac tions,

• de sign of com pletely new biomolecules show ing
far better per for mance than their coun ter parts pres -
ent in na ture,

• de tailed elu ci da tion of en zy matic func tion and de -
sign of new cat a lytic cen ters pro vid ing  bio chem i -
cal re ac tions al low ing easy pro duc tion of rare or
be fore hand un avail able chem i cal prod ucts,  

• time re solved anal y sis of bio-chem i cal re ac tions,
even if it is pres ently re stricted mostly to pro cesses
that can be ini ti ated or mod u lated by a pulse of elec -
tro mag netic ra di a tion,

• anal y sis of intermolecular con tacts, form ing a
base for intercellular com mu ni ca tion and sig nal -
ing be tween cells in the body. The fol low ing fig ure
show ing the sup posed dimerization of  re cep tors at
the sur face of  nat u ral-killer cells to ac cept the in for -
ma tion whether to start or sup press the at tacks
against other cells in its neigh bor hood can serve as
an ex am ple.

Fu tu re ap pli cati ons of X-rays in structu ral bi o lo gy?

The ques tion about future ap pli ca tions of X-rays in struc -
tural bi ol ogy can hardly be an swered well. It seems that, af -
ter the huge prog ress due to better tech nol o gies
(com put ers, ad vanced de tec tors, syn chro tron sources of ra -
di a tion) in the last twenty years, we need now to de velop
more so phis ti cated meth ods for sam ple prep a ra tion. Here
are many points, which seem to be bot tle necks of the pres -
ent re search. 

1. Ex act struc ture de ter mi na tion of bio-macromo -
lecular com plexes in their na tive state. As a rule, the liv -
ing en ti ties form a spe cial state of mat ter. The nat u ral
en vi ron ment in liv ing or gan isms where the most in ter est -
ing bio chem i cal re ac tions ap pear is not liq uid, nei ther
solid. It is mo lec u larly over crowded state of mat ter of ten
with thixotropic prop er ties, dif fu sion of mol e cules is over -
whelmed by other trans port mech a nisms, intermolecular
in ter ac tions do not cor re spond to what we can see in so lu -
tions,  etc. Here, one can see a large space for new so phis ti -
cated pro ce dures to pre pare sam ples that could be
in spected by X-ray crys tal log ra phy. For ex am ple new me -
thodic for con trolled prep a ra tion of re al is tic multi-pro tein
crys tal line states al low ing a sys tem atic study of 
intermolecular con tacts re spon si ble namely for com mu ni -
ca tion be tween cells, for im mune re sponse, for al lergy, and
for start ing or mod u la tion  of pro cesses in liv ing or gan -
isms.

2. In spec tion of de tailed dif fer ences be tween sim i lar
su pra-mo lec u lar com plexes and their in ter me di ate
states im por tant for life of dif fer ent or gan isms. The fi -
nal aim is for ex am ple to stop some pro cess in harm ful bac -
te ria with out in flu enc ing the hu man pro teins or pro teins in
co hab it ing mi cro or gan isms.

3. Time re solved stud ies. They are still in their be gin -
nings. The prob lems here are not in the dif frac tion tech -
nique. Stan dard synchrotrons al low al ready much better
time-res o lu tion (~10 ns) then it is needed for bio chem i cal
re ac tions (µs-ms). Short en ing of the ra di a tion pulls to
femto seconds of fered by X-FEL and some new la ser fa cil i -
ties is harm ful in this sense, be cause each pull de stroys the
sam ple. The fu ture prob lem is in find ing tools for im me di -
ate start ing the re ac tions in the whole vol ume of our
sam ple and in deal ing with the multiconformational
states reg u larly ob served in the in di vid ual time sec tions.   
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Fig ure 2. Com par i son of dimerization modes of three mouse CTL pro teins: NK re cep tor NKR-P1A (PDB code 3M9Z), NK re cep tor
Klrg1(3FF9), and a ligand for NK re cep tor NKR-P1F: Clr-g (3RS1). Re pro duced from [2].



The im pact of the fu ture re search is ex pected in many
ar eas of hu man life via mo lec u lar bi ol ogy, bio chem is try,
chem is try, health care, drug de sign, ag ri cul ture, food in -
dus try, chem i cal in dus try, etc.

1. J. Hašek, In ter na tional Ap pre ci a tion of X-ray Crys tal log ra -
phy. Ma te ri als Struc ture, 2014, 21, 4-6.

2. T. Skálová et al., Mouse Clr-g, a Ligand for NK Cell Ac ti -
va tion Re cep tor NKR-P1F. Crys tal Struc ture and Bio phys i -
cal Prop er ties, J. of Im mu nol ogy, 2012, 189, 4881-4889. 
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In tro ducti on

Struc ture re fine ment from X-ray dif frac tion data is a
well-es tab lished method used rou tinely in many lab o ra to -
ries around the world. In con trary, struc ture re fine ment
from elec tron dif frac tion data is gen er ally con sid ered dif fi -
cult, cum ber some and re stricted only to spe cial cases. Last
de cade of de vel op ment in the field of elec tron crys tal log ra -
phy has shown, how ever that it is pos si ble to solve and re -
fine crys tal struc tures from elec tron dif frac tion data in a
way an a log i cal to the pro ce dures used in X-ray crys tal log -
ra phy. Very re cent prog ress in com bin ing struc ture re fine -
ment with cal cu la tions us ing dy nam i cal dif frac tion the ory
shows that such re fine ments have the po ten tial to ap proach
– al though prob a bly not yet reach – the ac cu racy and re li -
abil ity of X-ray struc ture re fine ment. The im por tant ad van -
tage is that the data col lec tion can be per formed on
nanocrystals only a few tens of nanometers in size. This ar -
ti cle de scribes the pro ce dure from the data col lec tion
through data pro cess ing to the struc ture so lu tion and re -
fine ment, point ing out the sim i lar i ties and dif fer ences to
the pro cess of struc ture de ter mi na tion from X-ray dif frac -
tion data that is fa mil iar to most prac tic ing crys tal log ra -
phers.

Ex pe ri ment

Elec tron dif frac tion ex per i ments on mi cro- and nano -
crystals are per formed in a trans mis sion elec tron mi cro -
scope. Tra di tion ally, elec tron dif frac tion pat terns were
col lected from ori ented crys tals. How ever, this tech nique is 
time con sum ing and it is dif fi cult to col lect suf fi ciently
com plete data us ing only ori ented pat terns. An al ter na tive
is to use the method of ro tat ing crys tal that is cus tom ary in
X-ray dif frac tion ex per i ments. In the field of elec tron crys -
tal log ra phy this method is called elec tron dif fraction to -
mog ra phy (EDT [1,2]). A (non-ori ented) crys tal is tilted
around the goniometer axis in small steps (typ i cally 0.5 or
1°, but some times much smaller), and a dif frac tion pat tern
is re corded af ter ev ery step on an area de tec tor, typ i cally a
CCD cam era. The elec tron mi cro scope thus acts as a sin -
gle-cir cle diffractometer with area de tec tor. 

The in ten sity of re flec tions is crit i cally de pend ent on
the ex act ori en ta tion of the crys tal. This makes the in ter pre -
ta tion of the in ten si ties dif fi cult. A tech nique called pre ces -
sion elec tron dif frac tion (PED, [3]) partly re moves this
ef fect. The prin ci ple of the method is il lus trated in Fig. 1.
The in ci dent elec tron beam is pre cessed around a cone with 
ver tex on the sam ple and with the open ing semiangle typ i -
cally be tween 1° and 2°. The re sult ing dif frac tion pat tern is
then an in te gral over all di rec tions of the in ci dent beam
along the cone. This tech nique greatly de creases the sen si -
tiv ity of the dif fracted in ten si ties to the crys tal ori en ta tion
and on other nui sance pa ram e ters like crys tal thick ness and 
its vari a tion. This makes the com bi na tion of PED with
EDT a pow er ful method for crys tal lo graphic data col lec -
tion.

The tilt range of the crys tal in the mi cro scope is lim ited
by the con struc tion of the mi cro scope, and rep re sents the
most se ri ous lim i ta tion of the tech nique. On some mi cro -
scopes with some sam ple hold ers the tilt range is lim ited to
only ±20° or even less. Such mi cro scopes are un suit able
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Fig ure 1. The prin ci ple of the pre ces sion elec tron dif frac tion tech -
nique. The in ci dent beam is de flected by pre-spec i men de flec tion
coils to make a precessing mo tion (scan). The dif frac tion pat tern
is then fo cused back to the orig i nal po si tion by post-spec i men de -
flec tion coils (descan). 



for col lect ing elec tron to mog ra phy data. On the other hand, 
some mi cro scopes equipped with spe cial ized tomographic
sam ple hold ers al low for an al most com plete ±90° tilt, and
thus col lec tion of al most a full sphere of data.

The goniometers are usu ally not suf fi ciently sta ble to
hold the nanocrystals at a con stant po si tion dur ing the
whole data col lec tion. There fore it is nec es sary to ei ther re -
po si tion the crys tal dur ing the ex per i ment, or shift the beam 
to fol low the move ment of the crys tal. This can be achieved 
man u ally or au to mat i cally us ing im age anal y sis. The whole 
dif frac tion ex per i ment takes usu ally be tween 15 and 60
min utes de pend ing on the tilt range, ex po sure time and
crys tal track ing pro ce dure.

Data pro ces sing 

Once re corded, the data can be pro cessed in a way very
sim i lar to the pro ce dures used in X-ray diffractometer soft -
ware, i.e. the frames are an a lyzed for max ima, which are
stored in a “peak ta ble” and sub se quently used for find ing
the unit cell and ori en ta tion ma trix. This ma trix is then used 
to pre dict the po si tion of all re flec tions on the dif frac tion
pat terns, and in te grate their in ten si ties.

 Two is sues re quire spe cial at ten tion. First, the elec tron
op tics is not per fectly sta ble, and there fore the po si tion of

the cen ter of the dif frac tion pat tern may slightly change
dur ing the ex per i ment. The data pro cess ing must there fore
track the po si tion of the pri mary beam. This may be
non-triv ial, be cause the pri mary beam is of ten cov ered by a
beam stop to pre vent dam ag ing the de tec tor by
overexposure. The cen ter can then be de ter mined only
from the po si tions of the Friedel pairs in the im age, or by
cross-cor re la tion of sub se quently re corded im ages. 

The sec ond is sue is the po si tion of the tilt axis. Again
due to the vari abil ity in the elec tron op tics, the pro jec tion
of the tilt axis on the dif frac tion pat tern need not be con -
stant for ev ery ex per i ment. It is thus a vari able that needs to 
be re fined dur ing data pro cess ing. The tech nique typ i cally
used for this pur pose is the autoconvolution of the set of ex -
tracted peak po si tions re cal cu lated to the 3D co or di nates in
re cip ro cal space. If the peak po si tions form a lat tice, then
their autoconvolution also forms a lat tice. The peaks form
an un dis torted lat tice only if the tilt axis is cor rectly de ter -
mined, and this prop erty can be used to re fine the tilt axis.
An ex am ple of an autoconvolution us ing cor rect and in cor -
rect tilt-axis po si tion is given in Fig. 2.  
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Fig ure 2. Cy lin dric pro jec tion of the dis tri bu tion of points in the autoconvolution pat tern us ing the cor rect 
(top) and 10° off-set (bot tom) tilt axis po si tion.



Structu re so lu ti on and ki ne ma ti cal re fi ne ment

As in pre vi ous sec tions, the ba sic prin ci ples of struc ture so -
lu tion from elec tron dif frac tion data are the same as for
X-ray dif frac tion data. The list of re flec tion in di ces with in -
te grated in ten si ties is sub mit ted to a struc ture so lu tion pro -
gram that solves the phase prob lem by one of the
es tab lished meth ods – di rect meth ods, dual space meth ods
or di rect space meth ods. The dif fer ence is in the qual ity of
the so lu tion. While X-ray dif frac tion data of ten pro vide
com plete so lu tions that can be di rectly sub mit ted to re fine -
ment pro cess, elec tron dif frac tion data, be ing less com plete 
and much nois ier (in the sense “de vi at ing from the ex -
pected pro por tion al ity be tween in ten sity and struc ture fac -
tor squared”) of ten re sult in par tial so lu tions that re quire
in ter ven tion of a crys tal log ra pher. How ever, most of ten the 
so lu tions are suf fi ciently good to al low find ing the cor rect
struc ture.

The struc ture re fine ment is the most prob lem atic part of 
struc ture anal y sis from EDT data. The least-squares re fine -
ment can be per formed against elec tron dif frac tion data us -
ing the kinematical ap prox i ma tion (i.e. us ing the
as sump tion that the struc ture fac tor am pli tude is pro por -
tional to the square root of the dif fracted in ten sity). How -
ever, this ap prox i ma tion is very in ac cu rate due to the
de vi a tions from the kinematical dif frac tion the ory caused
by mul ti ple scat ter ing. As a re sult, the re fined struc tures
yield high R-val ues (R1 typ i cally be tween 20 and 30%), in -
ac cu rate re sults (de vi a tions from the cor rect atomic po si -
tions typically up to 0.2 C, but some times more), and
non-re li able es ti mates of the un cer tain ties of the re fined
pa ram e ters. De spite of these prob lems, kinematical re fine -
ment is used with EDT data, be cause it is eas ily ac ces si ble
in sev eral re fine ment pro grams, and it pro vides a quick es -
ti mate of the cor rect ness of the de ter mined struc ture. For
many ap pli ca tions, where it is the con nec tiv ity that is of in -

ter est and not the ac cu rate atomic po si tions, kinematical re -
fine ment pro vides suf fi cient in for ma tion.

Dy na mi cal structu re re fi ne ment

An ob vi ous rem edy to the de fi cien cies of the kinematical
re fine ment is to use the cor rect dy nam i cal the ory to cal cu -
late the ex pected dif fracted in ten si ties from a model struc -
ture. The un der ly ing the ory has been de vel oped long time
ago (see e.g. [4] for an over view), but the prac ti cal ap pli ca -
tion was ham pered by sev eral tech ni cal prob lems. First of
all, the dy nam i cal dif frac tion the ory is a many beam the ory, 
and the in ten sity cal cu la tions re quire exponentiation of a
large ma trix, and are thus quite time con sum ing. A more se -
ri ous prob lem is, how ever, that the cal cu lated in ten si ties
are very sen si tive to the crys tal ori en ta tion and thick ness. If 
the crys tal is slightly mo saic, bent, or has ir reg u lar shape,
the ex per i men tal in ten si ties will strongly de vi ate from the
the o ret i cal cal cu la tion, which as sumes a per fect crys tal. A
rem edy to this prob lem is to use PED data. As al ready men -
tioned, such data are less sen si tive to crys tal im per fec tion,
crys tal ori en ta tion and de tails of the crys tal shape. It is thus
pos si ble to cal cu late PED in ten si ties to a better ac cu racy
[5]. Ta ble 1 shows a com par i son of a struc ture re fine ment
on pyroxene EDT data.

Conclu si on

The prog ress in struc ture de ter mi na tion from elec tron dif -
frac tion data achieved over the last de cade was enor mous.
A se ries of de vel op ments changed this ap proach from an
ex otic and spe cial ized to com monly ac cepted and widely
used. The meth od olog i cal de vel op ment is by no means fin -
ished, but it has reached such a state of ma tu rity that struc -
tures can be solved from elec tron dif frac tion data by al most 
any body with ac cess to a suit able trans mis sion elec tron mi -
cro scope and with ba sic crys tal lo graphic ed u ca tion.
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Ki ne ma ti cal 
re fi ne ment

Dy na mi cal 
re fi ne ment

R1 [%] 24.4 9.3

Ave rage ato mic distan ce
from re fe ren ce stru tu re [C]

0.042 0.018

Ma xi mum ato mic distan ce
from re fe ren ce structu re [C]

0.070 0.035

Ta ble 1. Pre lim i nary re sults from the re fine ment of the struc ture
of orthopyroxene (Fe,Mg)2Si2O6 us ing kinematical and dy nam i -
cal dif frac tion the ory. Precession an gle 2.0°. Data cour tesy of
Damien Ja cob and Priscille Cuvillier, Uni ver sity of Lille.
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Low den sity, high spe cific strength and the ease of re cy cling
make mag ne sium and its al loys po ten tially good can di dates for
nu mer ous struc tural ap pli ca tions [1]. One of the most com mon
al loy ing el e ments in mag ne sium is Zn. Be sides re mark able im -
prove ment of me chan i cal prop er ties via solid so lu tion and/or
pre cip i ta tion strength en ing, Zn is to gether with Mg clas si fied as 
a biocompatible el e ment. Thus, Mg-Zn based sys tems can also
be con sid ered as an at trac tive ma te rial for im plants.

Bi nary mag ne sium al loy with nom i nal com po si tion Mg-12
wt.% Zn was pre pared by die cast ing un der Ar at mo sphere and
sub se quently an nealed at 320 °C for 20 hours fol lowed by warm 
wa ter quench ing. The goal of this work is to de scribe the crys tal
struc ture of Zn based par ti cles pres ent in the bi nary mag ne sium
al loy.

Sam ples were stud ied by trans mis sion elec tron mi cros copy
per formed on a Philips CM 120 (LaB6, 120 kV) equipped with
a NanoMEGAS pre ces sion unit DigiStar, an Olym pus SIS CCD 
cam era Ve leta (2048x2048), and an EDAX win dow less EDS
de tec tor Apollo XLTW. Pre ces sion-as sisted elec tron dif frac -
tion to mog ra phy (EDT) in microdiffraction setup was used to
ac quire data for struc ture de ter mi na tion of MgZn pre cip i tates
and their ori en ta tion within the Mg ma trix. 

Pre cip i tates of sev eral mi crom e ters in size (Fig.
1a) cor re spond to Mg21Zn25 phase with rhombo -
hedral struc ture, space group R-3c, lat tice pa ram e ters
a ~ 26 C, c ~ 8.9 C (Fig. 1b). The struc ture was de ter -
mined from 1711 in de pend ent re flec tions (av er aged
from 13026 mea sured in ten si ties, Rint = 24.09), and re -
fined us ing kinematical ap prox i ma tion to R-value of
26.53 %. The struc ture model matches very well the
pre vi ously re ported struc ture of Mg21Zn25 [2]. The
ma trix is formed by hex ag o nal Mg, space group
P63/mmc, lat tice pa ram e ters a = 3.2 C, c = 5.2 C. Ori -
en ta tion re la tion ship of MgZn pre cip i tates in Mg ma -
trix was ob served as (10-1)Mg || (010)MgZn and [101] 
Mg close to [201] MgZn (Fig. 1c). How ever, this re la -
tion ship might vary sig nif i cantly as the pre cip i tates are 
quite coarse and there fore loss of co her ency is ex -
pected.

1.  T.M. Pollock, Sci ence, 328, (2010), 986-987.

2. R. Èerný & G. Renaudin, Acta Cryst., C58, (2002),
154-155.

Ó Krystalografická spoleènost

78 Struktura 2014 Ma te ri als Struc ture, vol. 21, no. 2  (2014)

Fig ure 1: (a) Bright-field TEM im age of MgZn pre cip i tates in Mg ma trix, (b) re sults of struc ture so lu tion from EDT data of a MgZn pre -
cip i tate viewed down [001] (top - map of elec tro static po ten tial, bot tom - struc tural model), (c) ori ented SAED pat tern of a MgZn pre -
cip i tate in Mg ma trix viewed down Mg [101].

b) c)a)
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Application of Fourier analysis for image analysis of photographs

VYUŽITÍ FOURIEROVY TRANSFORMACE PØI OBRAZOVÉ ANALÝZE
MIKROFOTOGRAFIÍ

M. Šlouf, T. Vacková

 Ústav makromolekulární chemie AV ÈR, v.v.i., Heyrovského nám. 2, 16206 Praha 6
slouf@imc.cas.cz

Fourierova transformace (FT) je jedním z pokroèilých
nástrojù, které lze využít pøi obrazové analýze mikro -
fotografií, neboli pøi „pøevodu obrázkù na èísla“. V tomto
pøíspìvku velmi struènì shrneme teorii FT, která souvisí se
zpracováním mikrofotografií. Pøitom se soustøedíme na
metody výpoètu a interpretace FT pro tøi nejèastìjší
pøípady v obrazové analýze: (i) jednorozmìrnou diskrétní
rychlou FT (1D-DFFT) èárových profilù intenzit, (ii)
dvou rozmìrnou diskrétní rychlou FT (2D-DFFT)
vybraných ploch a (iii) pøevod vypoètených 2D-DFFT na
1D radiální profily.

Pomocí FT mùžeme z LM, SEM, TEM získat infor -
mace o periodických vzdálenostech a symetrii struktury
v mikroskopické škále (stovky mikrometrù – jednotky
nanometrù). Pro výpoèty potøebujeme dostateènì flexibilní 
programy, které umožní obrázky upravovat, vybírat z nich
èárové profily a/nebo oblasti a následnì poèítat rùzné typy
FT. V této práci využíváme dvou volnì šiøitelných progra -
mù: ImageJ [1] na manipulaci s obrázky a programovací
jazyk Py thon [2] s pøíslušnými moduly [3, 4] na výpoèty
FT.

2D-DFFT potvrdila šestereènou symetrii a periodicitu
ve vzorku blokového kopolymeru P(MMA-co-GMA)-b-
PMAPOSS [5]. Ze vzorku byl pøipraven ultratenký øez,
který byl po kont rastování v parách RuO4 zobrazen v TEM. 
Nízko úhlový rozptyl paprskù X (SAXS) naznaèoval, že by
poly mer mìl vykazovat hexagonální strukturu.

V nìkterých oblastech TEM mikrofotografií byla hexa -
gonální struktura zèásti patrná (obr. 1a), ale kontrast byl

velice malý a ani úpravy v programu ImageJ pøíliš nepo -
mohly (obr. 1b). Proto byl vybraný obrázek v ImageJ bina -
rizován, v programu Py thon vypoètena 2D-DFFT (obr. 1c)
a následnì i 1D radiální distribuce (obr. 1d). Symetrie
2D-DFFT obrazu jasnì potvrdila hexagonální symetrii,
zatímco z 1D radiální distribuce bylo možno vypoèítat
prùmìrnou vzdálenost mezi hexagonálnì uspoøádanými
sloupci (d = 18 nm), která byla ve shodì s výsledky SAXS
(d = 20 nm).

V pøednášce ukážeme ještì øadu dalších pøípadù
z praxe, vèetnì (pøekvapivì jednoduchých a krátkých)
zdrojových kódù v jazyce Py thon pro uživatelsky defi no -
vané výpoèty FT z mikrofotografií.

1.  Domovská stránka programu ImageJ:
http://imagej.nih.gov/ij/

2. Hlavní stránka programovacího jazyka Py thon:
https://www.py thon.org/

3. Distribuce WinPython, obsahující moduly pro ètení/zápis
obrázkù a výpoèty FT: http://winpython.sourceforge.net/

4. Modul ra dial_data.py: http://www.astrobetter.com/fou -
rier-trans forms-of-im ages-in-py thon/.

5.  L. Matìjka, M. Janata, J. Pleštil, A. Zhigunov, M. Šlouf,
Poly mer 55, (2014), 126.

TAÈR TE01020118, GAÈR P108/14-17921S.

Rozšíøený text bude publikován v dalším èísle.
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Obrázek 1. Potvrzení hexagonální struktury v P(MMA-co-GMA)-b-PMAPOSS: (a) TEM mikrofotografie, (b) vybraná oblast (c)
2D-DFFT z vybrané oblasti, 4x zvìtšeno a (d) 1D radiální profil s výpoètem vzdálenosti d mezi sloupci. 
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ELI - UNIQUE LASER CENTRE IN CZECH REPUBLIC1

Bedøich Rus

Fyzikální ústav AV ÈR, Praha

The pro ject Ex treme Light In fra struc ture (ELI) is part of a
Eu ro pean plan to build a new gen er a tion of large re search
fa cil i ties se lected by the Eu ro pean Strat egy Fo rum for Re -
search In fra struc tures (ESFRI). 

The main goal of ELI is to cre ate the lat est la ser equip -
ment in the world. There will be ac com plished and im ple -
mented re search pro jects cov er ing the in ter ac tion of light
with mat ter at in ten sity be ing 10 times higher than cur -
rently achiev able val ues. ELI will pro vide ul tra-short la ser
pulses of a few femto seconds (10-15 fs) du ra tion and give
per for mance up to 10 PW.

ELI will bring new tech niques for med i cal im age-dis -
play and di ag nos tics, ra dio ther apy, tools for new ma te ri als
de vel op ing and test ing, lat est in X-ray op tics, etc.

ELI will also be an at trac tive plat form for ed u cat ing a
new gen er a tion of PhD. stu dents, sci en tists and en gi neers.
The Czech Re pub lic will be come the host coun try for the
top in ter na tional re search, which may at tract fur ther in vest -
ment in ad vanced tech nol o gies with high added value.

ELI equals three la ser cen ters com bined un der one
head ing.

The first fa cil ity (ELI Beamlines) will be lo cated in the
Czech Re pub lic and will cre ate a new gen er a tion of sec -
ond ary sources for in ter dis ci plin ary ap pli ca tions in phys -
ics, med i cine, bi ol ogy and ma te rial sci ences.

The sec ond cen ter (ELI Attosecond) is be ing ar ranged
in Hun gary and is to be fo cused on phys ics of ultrashort op -
ti cal pulses in attosecond or der.

And fi nally, the third cen ter (ELI Nu clear Phys ics)
aimed at photonuclear phys ics should be lo cated in Ro ma -
nia.

The lo ca tion of an other in fra struc ture is cur rently be ing 
dis cussed.

ELI will be op er ated ac cord ing to a new model de -
signed for a con sor tium of Eu ro pean re search in fra struc -
tures (ERIC). Mem bers of the ELI-ERIC will be come the
Czech Re pub lic, Hun gary and Ro ma nia (found ing mem -
bers) as well as the ma jor part ners of the pro ject pre pa ra -
tory phase (ELI-PP): Ger many, Great Brit ain, France and
other coun tries.

Im ple men ta tion of ELI in the Czech Re pub lic is in
charge of In sti tute of Phys ics, Acad emy of Sci ences of the
Czech Re pub lic. It co or di nates a na tional con sor tium
ELI-CZ com pris ing 14 Czech uni ver si ties and re search in -

sti tutes. Key sup port is pro vided by the Min is try of Ed u ca -
tion, Youth and Sport and the Cen tral Bo he mia re gion.

ELI-CZ con sor tium groups to gether all of the Czech
uni ver si ties and sci en tific in sti tu tions in ter ested in the ELI
Pro ject.  Founded in Jan u ary 2009, the Con sor tium stands
as an ev i dence of a strong part ner ship be tween the ac a -
demic and re search in sti tu tions, and clearly dem on strates
the com mon goal: build ing and op er at ing the ELI in ter na -
tional la ser fa cil ity in the Czech Re pub lic. In tro duc ing new
ed u ca tional programmes (un der grad u ate, grad u ate, and
PhD) that will be closely tied to the ELI sci en tific pa ram e -
ters, as well as rais ing aware ness of the ELI Pro ject and the
la ser sci ences in gen eral through out the na tional ac a demic
com mu nity is the main mis sion of the Con sor tium ELI-CZ
mem bers.

Lo ca tion
Dolní Bøežany mu nic i pal ity in Cen tral Bo he mia re gion

was se lected as the most con ve nient lo ca tion for the most
in tense la ser in the world.

ELI In ter na tional Beamlines will be come an in ter na -
tional in fra struc ture em ploy ing approx. 300 home land and
for eign mem ber staff. In ad di tion, it will be tar geted by
hun dreds us ers and part ners from all over Eu rope. Rea son -
able dis tance from the Prague air port and main high ways
were con sid ered to be es sen tial cri te ria whereas do mes tic
sci en tific and in dus trial base is concentrated in the capital.
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De sign of the cen ter by http://www.boglearchitects.com/.

1 The above text can be found on the Web page of ELI - www.eli-beams.eu.
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USE OF DIFFRACTION ON PERFECT CRYSTALS FOR SHORTENING OF FEL
PULSES AND MEASUREMENT OF THEIR LENGTH

Jaromír Hrdý1, Peter Oberta1,2

1In sti tute of Phys ics, Acad emy of Sci ences of the Czech Re pub lic, v.v.i., Na Slovance 2, 18221 Praha 8,
Czech Re pub lic

2Rigaku In no va tive Tech nol o gies Eu rope s.r.o., Novodvorská 994, 14221 Praha 4, Czech Re pub lic.

Since the first lasing of the hard X-ray FEL fa cil ity LCLS
in 2009 en gi neers and phys i cists were look ing for new op -
ti cal de vices and set-ups with the sim ple goal of pre serv ing
the unique prop er ties of the next gen er a tion syn chro tron
sources. It is ex tremely im por tant to pre serve the unique
time struc ture of the hard X-ray FEL pulse or even to have
the pos si bil ity to change the pa ram e ters of the pulse. If we
speak of chang ing the pulse pa ram e ters we are speak ing of
pulse com pres sion. Cur rently, mostly grat ing schemes are
used for pulse com pres sion and cor re la tion and auto-cor re -
la tion schemes in cor po rated in de lay lines are used for
pulse length mea sure ments. Crys tal op tics was not so much 
used in the ap pli ca tion of hard X-ray FEL sources be cause
of their nar row ac cep tance range. With the in tro duc tion of
seeded FEL sources the FWHM of sin gle pulses is now
equal or smaller than the ac cep tance of com mer cially used
crys tal op tics (Si, Ge, ...).  Us ing dis lo ca tion free sil i con
crys tals we have in tro duced two new meth ods for pulse
com pres sion. One is based on the use of an asymmetricaly
cut crys tal and the sec ond on the use of in clined crys tals.
Both meth ods are based on the fact that fi nite wave length

range Dl of the im ping ing ra di a tion dif fracts un der dif fer -

ent an gles de pend ing on the wave length, l, even if the im -
ping ing beam is par al lel. Us ing a prop erly chirped pulse,
the in clined cut crys tal gen er ates a path length dif fer ence,
which leads to pulse com pres sion, fig.1.

We have also in tro duced two new meth ods en abling the 
mea sure ment of pulse lengths. One is based on the use of
multi-beam dif frac tion and the other on the novel de sign of
a pure BBBB in ter fer om e ter.
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Fig ure 1. To gen er ate a path dif fer ence with the goal of pulse
com pres sion we have ex plored a sym met ri cal cut crys tal (top) and 
an in clined ge om e try crys tal (bot tom).


