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CRYSTAL X-RAY OPTICS FOR METROLOGY AND IMAGING
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EXPERIMENT
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MAX IV Lab o ra tory, Lund Uni ver sity, Ole Römers väg 1, 223 63, Lund, Swe den

zdenek.matej@maxlab.lu.se

Pow der X-ray dif frac tion (PXRD) pat terns can be col -
lected in few min utes with com mon lab o ra tory dif -
fractometers us ing po si tion sen si tive de tec tors (PSDs) and
even within few mil li sec onds at syn chro tron in stru ments
with large PSDs banks [1]. In an other stan dard ex per i men -
tal setup dif frac tion im ages of whole dif frac tion rings
(Fig. 1) can be taken with area (2D) de tec tors and by az i -
muthal in te gra tion us ing avail able soft ware (e.g. Fit2D [2], 
PyFAI [3]) the im ages are re duced into 1D dif frac tion pat -
terns. Whereas the fi nite length of PSD strips im plies
asym me try of dif frac tion lines due to an ax ial di ver gence
of the X-ray beam ac cepted by the de tec tor [4, 5], in te -
grated pat terns from 2D de tec tors prin ci pally do not suf fer
from this ef fect. Good qual ity data at very low dif frac tion
an gles are im por tant for (or ganic) struc tures with very
large unit cells or if high en ergy X-rays are used. Re cord -
ing large az i muthal frac tion of dif frac tion rings is ad van ta -
geous for in ten sity and grains sta tis tics too. Dis ad van tages

of static area de tec tors are lim ited an gu lar range (2qmax)

and res o lu tion (D2q). This can be by passed by con tin u -

ously scan ning 2q range with the de tec tor, as e.g. in the
pow der dif frac tion beamline 11-BM at APS [6]. We have
im ple mented a sim i lar so lu tion us ing hy brid pixel de tec tor
Pilatus100K in the pow der dif frac tion beamline I711 at
MAX-II ring that al lows to col lect mod er ate res o lu tion
PXRD data of high qual ity.
The ba sis of the underlaying pow der dif frac tion data re duc -
tion pro ce dure is rebinning of in ten si ties in pix els of thou -
sands (~10k) of dif frac tion im ages taken with high
fre quency (~50 Hz) dur ing con tin u ous scan ning of the de -
tec tor axis (Fig. 2). Our so lu tion pro vides pow der dif frac -
tion data in a real time as one is used from lab o ra tory
mea sure ments with PSD. We dis cuss nec es sary in stru men -
tal cor rec tions and cal i bra tion pro ce dures which should be
in cluded as e.g. in xrayutilities [7].
Setup in I711 gives PXRD pat terns with mod er ate res o lu -
tion (Fig. 3) in both trans mis sion mode with cap il lar ies and
re flec tion mode with solid sam ples. It is well suit able for
microstructure anal y sis as well as struc ture so lu tion (Fig.
4).
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Fig ure 1. Dif frac tion im age from LaB6 taken with a large CCD.

http://dx.doi.org/10.1107/S0909049510026051
http://dx.doi.org/10.1016/0168-9002(94)90720-X
http://dx.doi.org/10.1107/S1600576715004306
http://dx.doi.org/10.1107/S0021889898006876
https://youtu.be/SIz6Ng6UzAw
http://dx.doi.org/10.1107/S0021889813013824
http://dx.doi.org/10.1107/S0021889813017214


Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 22,  no. 3 (2015)       167

Fig ure 2. Sche matic in te gra tion of a se ries of PXRD im ages (on the left): in ten si ties from all pix els of each im age are moved
(rebinned) to ap pro pri ate in te gra tion bins of the fi nal 1D pow der dif frac tion pattern.

Fig ure 4. Lead ac e tate hemihydrate (Pb2C8O9H16) struc ture solved from PXRD data from I711.

Fig ure 3. Caglioti plot of the res o lu tion func tion for the
Pilatus100K setup in I711.
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INTERNATIONAL YEAR OF CRYSTALLOGRAPHY – IYCr
INTERNATIONAL UNION OF CRYSTALLOGRAPHY – IUCr

R. Kužel

Charles Uni ver sity in Prague, Fac ulty of Math e mat ics and Phys ics, Ke Karlovu 5, 121 16 Praha 2

In ter na tional Un ion of Crys tal log ra phy or ga nized many
ac tiv i ties for the In ter na tional Year of Crys tal log ra phy -
IYCr. They were sum ma rized and dis cussed dur ing the
meet ing Crys tal log ra phy for the next gen er a tion: the leg -
acy of IYCr, that was hold in Ra bat, April 22-24, 2015
http://www.iycr2014.org/legacy/conference. Many dis cus -
sions were fo cussed more to the fu ture.

The of fi cial ob jec tives of the IYCr were: 

• to in crease pub lic aware ness of the sci ence of crys -
tal log ra phy and how it un der pins most tech no log i cal
de vel op ments in our mod ern so ci ety

• to in spire young peo ple through pub lic ex hi bi tions,
con fer ences and hands-on dem on stra tions in schools

• to il lus trate the uni ver sal ity of sci ence

• to in ten sify the programme Crys tal log ra phy in Af -
rica and cre ate sim i lar programmes in Asia and
Latin Amer ica

• to fos ter in ter na tional col lab o ra tion be tween sci -
en tists world wide, es pe cially North–South con tri bu -
tions

• to pro mote ed u ca tion and re search in crys tal log ra -
phy and its links to other sci ences

• to in volve the large syn chro tron and neu tron ra di -
a tion fa cil i ties world wide in the cel e bra tions of
IYCr2014, in clud ing the SESAME pro ject set up un -
der UNESCO aus pices.

One of the main ac tiv i ties were the so-called Open -
Labs, which should con tinue also in fu ture. The IUCr-
 UNESCO OpenLabs is a a net work of op er a tional crys tal -
lo graphic lab o ra to ries based in dif fer ent  coun tries world -
wide, many in less en dowed re gions of Af rica, South and
Cen tral Amer ica and South Asia. 

The pur pose of the OpenLab pro ject is 
• to en cour age the birth of new re search cen tres or the

start of re search pro jects in crys tal log ra phy in al -
ready es tab lished re search cen tres; 

• to in crease the tech no log i cal base and spark in ter est
in young sters; 

• to fa vour in ter na tional co op er a tion by trans fer ring
the ex per tise and knowl edge from coun tries with a
strong tra di tion in the field to those where crys tal log -
ra phy must still be de vel oped.

Sum mary with links can be found at
 http://www.iycr2014.org/openlabs. These were mainly
courses on pow der or sin gle crys tal dif frac tion and each
OpenLab was spon sored by one com pany.

Fig ure 1. From the Ra bat IYCr Leg acy meet ing, the hall (left), Gilberto Artioli and Michele Zema, the IYCr man ager (right).
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The IUCr-UNESCO sum mit meet ings were in tended
to bring to gether sci en tists from coun tries in three widely
sep a rated parts of the world, us ing a com mon crys tal lo -
graphic theme. http://www.iycr2014.org/summits. They
were or ga nized in Karachi (Pa ki stan), Campinas (Brazil)
and Bloemfontein (South Africa).

A photo com pe ti tion
http://www.iycr2014.org/participate/photo-competition
was or ga nized in col lab o ra tion with Agilent. Am a teur and
pro fes sional pho tog ra phers were in vited to sub mit stun -
ning im ages that cap ture the spirit of crys tal log ra phy in the
places, ob jects and ex pe ri ences of ev ery day life. 254 en -
tries were sub mit ted to the com pe ti tion. Two win ners re -
ceived a USD 1000 bur sary, spon sored by Agilent
Tech nol o gies, to at tend the IUCr Con gress in Mon treal in
Au gust 2014. A third prize win ner was se lected as the
“Crys tal log ra phers’ Choice” of the 29th Bi en nial Con fer -
ence of the So ci ety of Crys tal log ra phers in Aus tra lia and
New Zea land in April 2014. The 3 win ning and 13 most
highly com mended en tries were used in a cele bra tory
Agilent/IYCr2014 Ac a demic Cal en dar for 2014/2015. The 
win ning and other note wor thy en tries were ex hib ited dur -
ing the Mon treal Con gress.

Very suc cess ful ap peared to be the Crys tal Growth
Com pe ti tion
http://www.iycr2014.org/participate/crystal-growing-com
petition for school chil dren. Fi nally, it was de cided that
each par tic i pant would have to ei ther send a video or es say.
The win ners were an nounced dur ing the Ra bat meet ing.
The win ning vid eos and es says can be found at
http://www.iycr2014.org/participate/crystal-growing-com
petition/winners . 

A new com pe ti tion has been open for 2015 with a dead -
line on No vem ber 22. The aim of the com pe ti tion is to
grow par tic i pant‘s own crys tals (whether in volved in a re -
gional/na tional com pe ti tion or not) and to con vey her/his
ex pe ri ence through a video.  Each con tri bu tion should
clearly show or men tion the ex per i men tal work car ried out
by the par tic i pants dur ing the grow ing of their sin gle crys -
tals (com pounds and meth ods used are free of choice). Fur -
ther more the con tri bu tion should re flect in a cre ative way
on the ex per i men tal work and theoretical background
and/or applications.

Com me mo ra ti ve po stage stamps have been re le a sed in
17 coun tries
 http://www.iycr2014.org/events/postage_stamps 
in clud ing Slovakia.

The Crystallography365 pro ject sets out to blog a
crys tal struc ture ev ery day
 http://www.iycr2014.org/learn/crystallography365 

Voy age dans le cristal. A fam ily of 36 pan els in A0
for mat, high light ing the dif fer ent as pects and ap pli ca tions
of crys tal log ra phy have been ex hib ited in sev eral places.
Theyare avail able for down load in 13 lan guages, 12 of
them also in Slo vak. http://www.iycr2014.org/resource-
materials/voyage. The main au thor and co or di na tor is Jean
Louis Hodeau.

In con nec tion with the IYCr, many other things have
been de vel oped. For ex am ple, thanks mainly to the cur rent
IUCr pres i dent, Marvin Hackert, the his tory of crys tal log -
ra phy can be nicely viewed in Timelines of Crys tal log ra -
phy http://www.iycr2014.org/timeline now.

A book Little Dictionary of Crystallography was
written by André Authier and Gervais Chapuis. The online
crystallographic dictionary can be found at
 http://reference.iucr.org/dictionary/Main_Page .

A sec tion of news
http://www.iucr.org/news/whats-new 
and cal en dar of events has been re de signed
http://www.iucr.org/calendar/calendar-of-events  
and be come much more use ful.

World Di rec tory of Crys tal log ra phers was ini ti ated in
1957 and since then it has con tin ued to grow and is now
avail able on line for all re search ers as so ci ated with crys tal -
log ra phy, the da ta base cur rently has 20,000 entries.

To sign-up is free, and mem bers of the di rec tory have
ac cess to large net work of sci en tists prac tis ing in sim i lar
and re lated fields of in ter est, try ing to gether re search top -
ics, sci en tists and in sti tu tions in one easy to search da ta -
base. There are plans to extend its use largely.

In the last year, al ready the ninth vol ume of In ter na -
tional Ta bles for Crys tal log ra phy was is sued, vol ume H –
Pow der Dif frac tion as well as some pro mo tional book lets
and books for school teachers.

The IUCr pub lishes two jour nals that are fully open ac -
cess, i.e. all ar ti cles are made avail able free of charge to the
reader. An open-ac cess fee is charged to au thors of ar ti cles
pub lished in these jour nals to cover the costs of peer re -
view, jour nal pro duc tion, and on line host ing and ar chiv ing. 
These journals are:

• Acta Crystallographica Sec tion E: Struc ture Re ports
On line

• IUCrJ 
Other jour nals are hybrid open-ac cess jour nals. The

au thors can choose to make their ar ti cle open ac cess by
pay ing an open-ac cess fee. Funds gen er ated from open-ac -
cess pay ments are used to keep sub scrip tion costs as low as
pos si ble. The jour nals are also by far the main source of fi -
nances for the IUCr. In ad di tion to the IUCrJ, these are:
Acta Crystallographica A-F, Jour nal of Ap plied Crys tal -
log ra phy and Jour nal of Syn chro tron Ra di a tion. Most of
pro fes sional stuff of the IUCr in Ches ter is work ing on the
jour nals with their own ed i to rial sys tem. Since the last
year, all the pub li ca tions are only elec tronic ex cept a few
sam ple cop ies. There is also IUCr News let ter.  It is pub -
lished 4 times per year, avail able on line only sub scribe by
sign ing up to the World Di rec tory of Crys tal log ra phers. It
is cir cu lated to over 200 dif fer ent coun tries around the
world. The news let ter con tains many dif fer ent ar ti cle
types, of in ter est to the di verse in ter na tional scientific
community involved in understanding the basic structure
of matter.

The elec tronic form of jour nals  al lows to buil-in some
fea tures of struc tural da ta bases and on line struc ture vi su al -
iza tion. Sup ple men tary ma te ri als to the pa pers are
available free.

The IUCr cur rently spon sors sci en tific ac tiv i ties and
meet ings in a num ber of ways:

• Bur sary scheme for meet ings of Re gional As so ci ates

• Vis it ing Pro fes sor ships. The IUCr Vis it ing Pro fes -
sor ship scheme aims to sup port some of the costs of
hav ing in ter na tion ally rec og nized sci en tists as lec -
tur ers for  short courses at work shops or schools or -
ga nized in de vel op ing coun tries.
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http://www.iucr.org/calendar/calendar-of-events
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• Sci en tific con fer ences and work shops

• Jour nal sub scrip tions

• Crys tal log ra phy in Af rica
• The IUCr is on facebook now as well - 

facebook.com/iycr2014.org.
In ter na tional Un ion of Crys tal log ra phy has cur rently

50 ad her ing bod ies in clud ing 4 re gional as so ci ates: ACA –
Amer i can Crys tal lo graphic As so ci a tion, AsCA - Asian
Crys tal lo graphic As so ci a tion, ECA - Eu ro pean Crys tal lo -
graphic As so ci a tion and a new LACA – Latin Amer i can
Crys tal lo graphic As so ci a tion
 http://www.iucr.org/iucr/ab.html/adhering-bodies, 
and 24 com mis sions
 http://www.iucr.org/iucr/commissions. 

The IUCr main aims are – 
• to pro mote in ter na tional pub li ca tion of crys tal lo -

graphic re search

• to pro mote in ter na tional co op er a tion in crys tal log ra -
phy

• to form a fo cus for the re la tions of crys tal log ra phy to
other sci ences

• to fa cil i tate stan dard iza tion of meth ods, units, no -
men cla tures and sym bols 

• to con trib ute to the ad vance ment of crys tal log ra phy
in all its as pects in clud ing re lated top ics con cern ing
the non-crys tal line state.

The main IUCr event is the Con gress and Gen eral As sem -
bly, with usual par tic i pa tion of 2000-3000 peo ple. The
24th con gress will take place in Hyderabad, In dia in 2017

and we can be proud that the an ni ver sary 25th con gress
should be hold in Prague in 2020.  

Fig ure 2. Build ing of the IUCr of fice in Ches ter, UK. 

Fig ure 3. Ccurrent IUCr pres i dent Marvin Hackert (USA)
in Ra bat. 

http://www.iucr.org/iucr/ab.html/adhering-bodies
http://www.iucr.org/iucr/commissions

