
STRUKTURA 2024

Louèná nad Desnou, Dlouhé Stránì, 18.11.-22.11. 2024

Session I, November 18, Monday

L1

CRYSTALLOGRAPHIC ABSURDITIES EXPOSED

P. Veøtát
  FZU - In sti tute of Phys ics of the Czech Acad emy of Sci ences, 182 00 Praha 8, Czech Re pub lic.

vertat@fzu.cz

The in creas ing vol ume of sci en tific pub li ca tions leads to a
rise in in trigu ing, yet some times du bi ous, crys tal lo graphic
re sults be ing pub lished. As re view ers can not be ex perts in
ev ery field, many ab surd re sults ap pear even in top-tier
jour nals. In my slightly in for mal talk, I will pres ent an
over view of the most as ton ish ing crys tal lo graphic ab sur di -
ties I have en coun tered in re cent years. To gether, we will
ex plore in stances of:

• Faked XRD data: Do some of the peaks con tra dict
your con clu sions? Feel free to de lete them!

• Sur pris ing du plic i ties: It is more eco log i cally
friendly to re cy cle your old Bragg-Brentano scans
and use them in your next ar ti cle about a to tally new
sam ple of dif fer ent com po si tion.

• In ter est ing fits: The fact that your cal cu lated and
ob served curves do not match at all does not need to
pre vent you from pub lish ing in, say, the Jour nal of
Mo lec u lar Struc ture.

• Weird XRD pat terns: Yeah, smooth ing will al ways 
make your curves look better! It does not mat ter that
your func tions are no lon ger func tions, Fig ure 1.

• Al most po etic AI-gen er ated ar ti cle sec tions: “At
room tem per a ture, when the X-ray gen er a tors were
work ing at 40 kV and trans mit ting a charge of 30 mA 
to the tar get, it was con sid ered a suc cess ful hit.”-
And much more.

My aim is not only to pro vide good cheer but, more im por -
tantly, to spread aware ness and high light the most com mon 
is sues you might en coun ter while crit i cally re view ing an
ar ti cle. Since peo ple are sneaky and in ven tive, not all the
flaws dis cussed will be as ob vi ous as those listed above. I
will also in tro duce pubpeer.com as an ex am ple of plat -
forms that al low us ers to dis cuss and re view sci en tific re -
search af ter pub li ca tion.

1. B. Bekele et al., Jour nal of Nanomaterials, 2021(1),

9210817.

This work was sup ported by the Czech Sci ence Foun da tion
grant no. 23-4806S.
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Fig ure 1. “XRD spec tral anal y sis of hy dro ther mal syn the sis of ZnO nanoparticles from ZnSO4.7H2O zinc salt pre cur sor.” as an 
ex am ple of an in ter est ing XRD pat tern. Ad di tion ally, the au thors have ac ci den tally la belled “Two theta (de gree)” as “Wave -
length (nm)”. Adapted from [1] (show ing only one of the three curves from the orig i nal fig ure). The orig i nal con tent is li censed
un der a CC-BY-4.0 li cense.
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AZINT-PRACTICAL: SHAPING 2D SYNCHROTRON DATA FOR RIETVELD
REFINEMENT

Z. Matìj

MAX IV Lab o ra tory, Lund Uni ver sity, Swe den

zdenek.matej@maxiv.lu.se

Rietveld re fine ment [1] is a widely rec og nized method of
anal y sis of X-ray and neu tron pow der dif frac tion data for
the char ac ter iza tion of var i ous as pects of crys tal line ma te -
ri als. In case of X-rays, the pow der dif frac tion data can be
ac quired us ing a range of in stru ments in clud ing ded i cated
in dus trial and lab o ra tory diffractometers or highly op ti -
mized pow der diffractometers at syn chro tron beamlines.
Given the valu able in sights that pow der X-ray dif frac tion
can of fer, this tech nique is fre quently em ployed in
multimodal ex per i ments or as a sup ple men tary method in
the beamlines at ac cel er a tor-based pho ton sources.

The most prev a lent scat ter ing ge om e try at the light
sources to day is the trans mis sion (Debye-Scherrer like) ge -
om e try with a flat area de tec tor po si tioned in the for ward
di rec tion (Fig. 1). This ex per i men tal ge om e try is straight -
for ward to im ple ment, it takes ad van tage of in ten sive
X-ray dif frac tions at lower scat ter ing an gles, and by uti liz -
ing large, fast area de tec tors, it de liv ers sub-mil li sec ond
time res o lu tion with ro bust sig nal strength and a de cent an -
gu lar res o lu tion.

Fur ther more, area de tec tor data can yield ad di tional in -
for ma tion on the pre ferred ori en ta tion of crys tal lites (tex -
ture) in the sam ple. When tex ture in for ma tion is not the
pri mary fo cus, the area de tec tor data are typ i cally re duced
to 1D dif frac tion pat terns, which of fer a stan dard rep re sen -

ta tion of the dif frac tion ex per i ment and serve as in put for
the Rietveld method.

There are nu mer ous ded i cated soft ware op tions for az i -
muthal in te gra tion (AZINT) of the area de tec tor data, in -
clud ing fit2d [2], PyFAI [3], diffpy.srxplanar [4], Nika [5],
and AZINT-mod ule [6,7]. While some of these com puter
pro grams were ini tially de signed for small an gle scat ter ing
data, they of ten ex tend their ap pli ca bil ity to the pow der dif -
frac tion mo dal ity.

Com ple men tary to AZINT soft ware there are mul ti ple
soft ware op tions for the Rietveld re fine ment. A non-ex -
haus tive list in cludes FullProf [8], GSAS II [9] and
EXPGUI [10], Maud [11], TOPAS [12], Jana2020 [13] or
MStruct [14]. Only two of these soft ware [9-11] pro vide an
“all in one so lu tion” that also cov ers the AZINT re duc tion
step and de tec tor cal i bra tion.

Beamlines at light sources of ten in clude the AZINT re -
duc tion step as part of their au to mated data pro cess ing
workflow [6,15], so us ers may choose to by pass the in ter -
nal AZINT step in the lat ter soft ware as well. AZINT soft -
ware come with nu mer ous set tings and can op tion ally
ap ply sev eral in ten sity cor rec tions on data, in clud ing solid
an gle cor rec tion, po lar iza tion cor rec tion, air-ab sorp tion
cor rec tion, sam ple ab sorp tion or sam ple scat ter ing cor rec -
tions, par al lax ef fect cor rec tion, and de tec tor flat-field cor -
rec tion. Other no ta ble op tions in clude a “nor mal iza tion

Fig ure 1. The trans mis sion X-ray dif frac tion ge om e try with a flat area de tec tor in the for ward di rec tion.
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model” [3], “er ror prop a ga tion model” [3] or pos si ble cor -
re la tion be tween pow der pat tern points [4].

Si mul ta neously, all Rietveld soft ware [8-14] have
many op tions and can ac count for some of the in ten sity cor -
rec tions men tioned above.

This con tri bu tion pro vides an over view of soft ware op -
tions for AZINT and the suit able set tings for some of the
soft ware im ple ment ing the Rietveld method.
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SIMPLE XRD LINE PROFILE FITTING. PROGRAM LIPRAS.
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The eval u a tion of pow der dif frac tion pat terns is now a days
of ten well per formed by some form of the Rietveld method
that is in prin ci ple the method of to tal pow der pat tern fit -
ting. The pro grams like Fullprof [1], GSAS [2], Maud [3]
or MSTRUCT [4, 5] and oth ers can use full in for ma tion
ob tained in the pat tern for re fine ment of crys tal struc ture,
lat tice pa ram e ters, for phase anal y sis, es ti ma tion of some
pa ram e ters of real struc ture, cer tain eval u a tion of tex ture
and stress. These pro grams con sider many dif fer ent pa ram -
e ters re lated to these quan ti ties and those re lated to in stru -
men tal ab er ra tions and ef fects. Their suc cess de pends on
the rel e vance of the used mod els and func tions to the struc -
ture and microstructure of ex am ined sam ples. 

In many cases, it can still be use ful just to de ter mine the
pa ram e ters of in di vid ual dif frac tion pro files. Since these
pro files are of ten over lapped, it is also nec es sary to de com -
pose them by fit ting of suit able func tions. For this ap -
proach, com mer cial soft ware can also be used but even this
may ap pear in suf fi cient be cause to con trol well the pro ce -
dure one needs also to eas ily con trol pos si ble con straints
and bonds be tween the pa ram e ters and mainly to see graph -
i cally the de com po si tion and not only the over all fit. The
fit ting of peak func tions and de com po si tion of the pro files
can be done quite eas ily in gen eral math e mat i cal soft ware,
soft ware plot ting graphs like Or i gin but for eval u a tion of

many ex per i men tal pat terns this is not ideal ei ther. More -
over, typ i cal lab o ra tory X-ray data in clude Ka dou blets.
Open soft ware for fit ting of par tic u larly dif frac tion pro files 
can still be wel come.

In 1991-2 I have writ ten an MS-DOS pro gram Difpatan 
with key board con trol. By us ing short cuts the fits can be
done very quickly but cur rently to run the pro gram,
MS-DOS em u la tion soft ware is re quired. It can be run well
un der DOS Box but still it is not so com fort able, and the
phi los o phy of the pro gram may be a lit tle out dated. The
pro gram is still avail able, though [6]. Fit ting can also be
done well by Winplotr, a part of the Fullprof pack age. Petr
Veøtát cre ated user-friendly pro gram in Ex cel that is widely 
avail able [7]. How ever, with many data points it can be
rather slow. Af ter sev eral at tempts to find open sim ple, fast
and ro bust such a pro gram, I have found the free soft ware
LIPRAS (Line-Pro file Anal y sis Soft ware) de vel oped in
Matlab at North Carolina State Uni ver sity [7]. The Matlab
ver sion re quires MATLAB® 2016b, or higher, with Curve
Fit ting ToolboxTM and GUI Lay out Tool box [8] or at
GitHub. In ad di tion to Matlab ver sion, stand-alone ver sion
is also avail able. It uti lizes MATLAB® runtime which is
free and can be down loaded on line or through the in stal la -
tion man ager [9].

https://doi.org/10.1107/S0021889869006558
https://doi.org/10.1080/08957959608201408
https://doi.org/10.1017/S0885715613000924
https://doi.org/10.1107/S1600576714010516
https://doi.org/10.1107/S0021889812004037
https://maxiv-science.github.io/azint/
https://doi.org/10.1107/S1600577522008232
https://doi.org/10.1016/0921-4526(93)90108-I
https://doi.org/10.1107/S0021889813003531
https://doi.org/10.1107/S0021889801002242
https://www.iucr.org/resources/commissions/powder-diffraction/newsletter
https://www.iucr.org/resources/commissions/powder-diffraction/newsletter
https://doi.org/10.1107/S1600576718000183
https://doi.org/10.1515/zkri-2023-0005
https://doi.org/10.1017/S0885715614000852
https://gitlab.com/leaps-innov-wp7/resources/-/wikis/Reports-on-data-compression-metrics,-algorithms-and-best-practices
https://gitlab.com/leaps-innov-wp7/resources/-/wikis/Reports-on-data-compression-metrics,-algorithms-and-best-practices
https://gitlab.com/leaps-innov-wp7/resources/-/wikis/Reports-on-data-compression-metrics,-algorithms-and-best-practices


I have found the soft ware use ful, sim ple to use, ro bust
for fit ting of even com pli cated over lapped dif frac tion
peaks. The fit ting is sim ple. Sev eral dif fer ent file for mats
can be used in clud ing, of course, two col umn ASCII data.
Af ter open ing the file, it is pos si ble to de fine range of in ter -
est, se lect polynomial for back ground fit ting and click
back ground points. The next win dow is the main one.

There, sin gle wave length data or XRD lab data (Ka1,2 dou -
blets) should be se lected, num ber of peaks, the used func -
tion for each of them and click ap prox i mately their
po si tions as ini tial val ues for non-lin ear op ti mi za tion al go -
rithm. Con straints on fit ted pa ram e ters can be put, if nec es -
sary, and then the fit ting can be per formed ei ther with or
with out back ground re fine ment. In last win dow, fit ted pa -
ram e ters can be read.

The fea tures of the pro gram are shown in down load
pages

• Quickly ex tract rel e vant peak in for ma tion about the
po si tion, full width at half max i mum (FWHM), and
in ten sity

• Con duct Bayesian in fer ence on least-squares re sults
us ing a Markov Chain Monte Carlo al go rithm

• Cus tom ize the back ground fit by ei ther treat ing it
sep a rately (Poly no mial or Spline) or in clud ing it in
the least-squares rou tine (Poly no mial only)

• Can an a lyzes files with a dif fer ent num ber of data
points and/or X-val ues, how ever, check fit ting range
be fore at tempt ing

• Fit up to 20 peaks in the cur rent pro file re gion

• Choose from 5 peak-shape func tions: Gaussi an,
Lorentzian, Pseudo-Voigt, and Pearson VII, and
Asym met ric Pearson VII

• Peak-shape func tions can be con strained in terms of
in ten sity, peak po si tion, FWHM, and mix ing co ef fi -
cient

• Au to mat i cally cal cu late Cu-Kalpha2 peaks when
work ing with lab o ra tory X-ray data

• Change any of the start ing fit val ues and in stantly
view a sam ple plot of the fit, be fore con duct ing a fit

• Vi su al ize re sults with a plot of the re sult ing peak fit
and re sid ual plot

• Pa ram e ters files are writ ten to rec re ate fits and de tail
what fit pa ram e ters and pro file shape func tions were
used

• Ac cepts the fol low ing file types: .xy, .xye, .xls, .xlsx, 
.fxye, .xrdml, .chi, .csv (Win dows Only)

• Re sult ing co ef fi cients val ues can be viewed with file
num ber

• For mul ti ple dif frac tion pat terns, re sults from pre vi -
ous fit are sub se quent start ing pa ram e ters for next fit

The last items al lows easy and quick fit ting of mul ti ple
files. Typ i cally, for ex am ple, sets mea sured with chang ing
tem per a ture when only dif frac tion pa ram e ters of the peaks
are smoothly chang ing and then plot of the pa ram e ters vs.
file num ber that can eas ily be changed to the tem per a ture,
for ex am ple.  

Ex am ple of main fit ting win dow is on Fig. 1

1. https://www.ill.eu/sites/fullprof/

2. https://subversion.xray.aps.anl.gov/trac/pyGSAS.

3. L. Lut te rot ti, Nuclear Inst. and Methods in Phy s ics Re -
search, B268, (2010) 334-340.
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5. Z. Ma tìj, R. Kužel and L. Nich to vá, XRD to tal pat tern fit -
ting ap plied to stu dy of microstructu re of TiO2 films, Pow -
der Diffr. 25 S2 (2010), p. 125-131. doi:
10.1154/1.3392371.¨

6. https://www.xray.cz/priv/kuzel/difpatan/

7. Gi o van ni Es te ves, Kla rissa Ra mos, Chris M. Fan cher, and
Ja cob L. Jo nes. LIPRAS: Line-Pro fi le Ana ly sis Soft ware.
(2017). DOI: 10.13140/RG.2.2.29970.25282/3. 
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Fig ure 1. Ex am ple of main fit ting win dow with three peaks and Pearson VII func tion.
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X-ray radiography and computed tomography on a small table-top diffractometer

RENTGENOVÁ RADIOGRAFIE A VÝPOÈETNÍ TOMOGRAFIE NA MALÉM STOLNÍM
DIFRAKTOMETRU

P. Mikulík, M. Meduòa

Ústav fyziky kondenzovaných látek, Pøírodovìdecká fakulta, Masarykova univerzita, Brno

mi ku lik@phy s ics.muni.cz

Rentgenová radiografie patøí mezi nejstarší techniky pro
zobrazování vnitøní struktury objektù neprùhledných ve
viditelném svìtle. Zøejmì nejvìtší uplatnìní metod rtg
radiografie je v medicínì, kdy je možné pomocí rtg paprskù 
získávat obraz rozložení kostí a vnitøních orgánù v tìle
pacienta. Dále se v praxi tato metoda využívá pøi nedes -
truk tivním zobrazování materiálù, souèástek a dalších
objektù, napøíklad ve strojírenství. Až do 80. let 20. století
byly radiografické snímky výhradnì zaznamenávány na
fotografický film a teprve s pøíchodem moderní elektro -
niky nové digitální technologie vytlaèují pùvodní styl záz -
namu na filmy. Nejvìtší pokrok v zobrazovacích metodách 
pomocí rentgenového záøení tkví v posledních letech
zejména v pokroèilých možnostech detekce rentge nových
paprskù 2D plošnými detektory s pøímou digi talizací do
poèítaèe. To vedlo k velkému rozvoji metod výpoèetní
tomografie (CT), kdy je ze série nasnímaných projekèních
obrazù rekonstruováno rozložení absorbce v ozáøeném
objemu vzorku.

Zobrazovací rentgeny a tomografy jsou dnes dostupnou 
souèástí lékaøských zaøízení, laboratoøí èi prùmyslových
cen ter. Zaøízení jsou obvykle velmi drahá, zobrazené
výsledky jsou však precizní a dodávaný vizualizaèní soft -
ware dokáže spoustu pokroèilých možností ve 3D zobra -
zování.

Naším cílem mnoha posledních let je zpøístupnit stu -
den tùm metody radiografie a CT s digitalizací obrazu pøi
použití malého školního stolního difraktometru se vzdu -
chem chlazenou rentgenkou, který je v souèasné dobì
k dispozici od firem Phywe a Leybold. Finanènì nákladnou 
èástí u komerèních zaøízení je 2D detektor, což jsme
vyøešili nìkolika podstatnì levnìjšími zpùsoby – jednak
díky široce dostupným zubaøským detektorùm (døíve
pamì•ové fólie s vyèítacím zaøízením, nyní digitální detek -
tory pøímo pøipojitelné k poèítaèi), èi fotografováním
radiogramu zobrazeném na scintilaèním stínítku pomocí
kvalitní digitální zrcadlovky, viz obr. 1. Profesionální
rotaèní stolky, které dosahují vysoké sta bil ity nutné pro
mikro-CT, lze pro nižší rozlišení nahradit rotaèním stolkem 
vytištìným na 3D tiskárnì a øízeným Arduinem. V našem
pøíspìvku ukážeme nìkterá konkrétní uspoøádání a
výsledky získané na nìkterých zajímavých biologických
vzorcích èi elektronických souèástkách, viz obr. 2.
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Obrázek 1. Sestava pro radiografii èi CT – rentgenový
difraktometr Leybold s vytištìným stolkem pro vzorek a
snímáním obrazu digitální zrcadlovkou Pentax.

Obrázek 2. Ra dio gram kabelu VGA-HDMI.


