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CRYSTALLOGRAPHIC ABSURDITIES EXPOSED
P. Vertat
FZU - Institute of Physics of the Czech Academy of Sciences, 182 00 Praha 8, Czech Republic.
vertat@fzu.cz

The increasing volume of scientific publications leads to a
rise in intriguing, yet sometimes dubious, crystallographic
results being published. As reviewers cannot be experts in
every field, many absurd results appear even in top-tier
journals. In my slightly informal talk, I will present an
overview of the most astonishing crystallographic absurdi-
ties I have encountered in recent years. Together, we will
explore instances of:

» Faked XRD data: Do some of the peaks contradict
your conclusions? Feel free to delete them!

* Surprising duplicities: It is more ecologically
friendly to recycle your old Bragg-Brentano scans
and use them in your next article about a totally new
sample of different composition.

+ Interesting fits: The fact that your calculated and
observed curves do not match at all does not need to
prevent you from publishing in, say, the Journal of
Molecular Structure.

» Weird XRD patterns: Yeah, smoothing will always
make your curves look better! It does not matter that
your functions are no longer functions, Figure 1.

+ Almost poetic Al-generated article sections: “At
room temperature, when the X-ray generators were
working at 40 kV and transmitting a charge of 30 mA
to the target, it was considered a successful hit.”-
And much more.

My aim is not only to provide good cheer but, more impor-
tantly, to spread awareness and highlight the most common
issues you might encounter while critically reviewing an
article. Since people are sneaky and inventive, not all the
flaws discussed will be as obvious as those listed above. |
will also introduce pubpeer.com as an example of plat-
forms that allow users to discuss and review scientific re-
search after publication.

1. B. Bekele et al., Journal of Nanomaterials, 2021(1),
9210817.

This work was supported by the Czech Science Foundation
grant no. 23-4806S.
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Figure 1. “XRD spectral analysis of hydrothermal synthesis of ZnO nanoparticles from ZnSO,.7H,O zinc salt precursor.” as an
example of an interesting XRD pattern. Additionally, the authors have accidentally labelled “Two theta (degree)” as “Wave-
length (nm)”. Adapted from [1] (showing only one of the three curves from the original figure). The original content is licensed

under a CC-BY-4.0 license.

© Krystalograficka spoleé¢nost



Materials Structure, vol. 30, no. 4 (2024) @

292 Struktura 2024 - Lectures
L2
AZINT-PRACTICAL: SHAPING 2D SYNCHROTRON DATA FOR RIETVELD
REFINEMENT
Z. Matéj

MAX IV Laboratory, Lund University, Sweden
zdenek.matej@maxiv.lu.se

Rietveld refinement [1] is a widely recognized method of
analysis of X-ray and neutron powder diffraction data for
the characterization of various aspects of crystalline mate-
rials. In case of X-rays, the powder diffraction data can be
acquired using a range of instruments including dedicated
industrial and laboratory diffractometers or highly opti-
mized powder diffractometers at synchrotron beamlines.
Given the valuable insights that powder X-ray diffraction
can offer, this technique is frequently employed in
multimodal experiments or as a supplementary method in
the beamlines at accelerator-based photon sources.

The most prevalent scattering geometry at the light
sources today is the transmission (Debye-Scherrer like) ge-
ometry with a flat area detector positioned in the forward
direction (Fig. 1). This experimental geometry is straight-
forward to implement, it takes advantage of intensive
X-ray diffractions at lower scattering angles, and by utiliz-
ing large, fast area detectors, it delivers sub-millisecond
time resolution with robust signal strength and a decent an-
gular resolution.

Furthermore, area detector data can yield additional in-
formation on the preferred orientation of crystallites (tex-
ture) in the sample. When texture information is not the
primary focus, the area detector data are typically reduced
to 1D diffraction patterns, which offer a standard represen-

tation of the diffraction experiment and serve as input for
the Rietveld method.

There are numerous dedicated software options for azi-
muthal integration (AZINT) of the area detector data, in-
cluding fit2d [2], PyFAI [3], diffpy.srxplanar [4], Nika [5],
and AZINT-module [6,7]. While some of these computer
programs were initially designed for small angle scattering
data, they often extend their applicability to the powder dif-
fraction modality.

Complementary to AZINT software there are multiple
software options for the Rietveld refinement. A non-ex-
haustive list includes FullProf [8], GSAS II [9] and
EXPGUI [10], Maud [11], TOPAS [12], Jana2020 [13] or
MStruct [14]. Only two of these software [9-11] provide an
“all in one solution” that also covers the AZINT reduction
step and detector calibration.

Beamlines at light sources often include the AZINT re-
duction step as part of their automated data processing
workflow [6,15], so users may choose to bypass the inter-
nal AZINT step in the latter software as well. AZINT soft-
ware come with numerous settings and can optionally
apply several intensity corrections on data, including solid
angle correction, polarization correction, air-absorption
correction, sample absorption or sample scattering correc-
tions, parallax effect correction, and detector flat-field cor-
rection. Other notable options include a “normalization

detector

500000 -
_ bepm
> 400000
g powder sample
E 300000 4 (i.e. many small crystals))
[+
>
T 200000
£ 2D rings converted t
~ 100000 A | |
o ll I |I .l it sl
20 100 EE

26 [deg)

Figure 1. The transmission X-ray diffraction geometry with a flat area detector in the forward direction.
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model” [3], “error propagation model” [3] or possible cor-
relation between powder pattern points [4].

Simultaneously, all Rietveld software [8-14] have
many options and can account for some of the intensity cor-
rections mentioned above.

This contribution provides an overview of software op-
tions for AZINT and the suitable settings for some of the
software implementing the Rietveld method.
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SIMPLE XRD LINE PROFILE FITTING. PROGRAM LIPRAS.

Radomir Kuzel

Faculty of Mathematics and Physics, Charles University, Ke Karlovu 5, 121 16 Praha 2
Radomir.kuzel@matfyz.cuni.cz

The evaluation of powder diffraction patterns is nowadays
often well performed by some form of the Rietveld method
that is in principle the method of total powder pattern fit-
ting. The programs like Fullprof [1], GSAS [2], Maud [3]
or MSTRUCT [4, 5] and others can use full information
obtained in the pattern for refinement of crystal structure,
lattice parameters, for phase analysis, estimation of some
parameters of real structure, certain evaluation of texture
and stress. These programs consider many different param-
eters related to these quantities and those related to instru-
mental aberrations and effects. Their success depends on
the relevance of the used models and functions to the struc-
ture and microstructure of examined samples.

In many cases, it can still be useful just to determine the
parameters of individual diffraction profiles. Since these
profiles are often overlapped, it is also necessary to decom-
pose them by fitting of suitable functions. For this ap-
proach, commercial software can also be used but even this
may appear insufficient because to control well the proce-
dure one needs also to easily control possible constraints
and bonds between the parameters and mainly to see graph-
ically the decomposition and not only the overall fit. The
fitting of peak functions and decomposition of the profiles
can be done quite easily in general mathematical software,
software plotting graphs like Origin but for evaluation of

many experimental patterns this is not ideal either. More-
over, typical laboratory X-ray data include K, doublets.
Open software for fitting of particularly diffraction profiles
can still be welcome.

In 1991-2 I have written an MS-DOS program Difpatan
with keyboard control. By using short cuts the fits can be
done very quickly but currently to run the program,
MS-DOS emulation software is required. It can be run well
under DOS Box but still it is not so comfortable, and the
philosophy of the program may be a little outdated. The
program is still available, though [6]. Fitting can also be
done well by Winplotr, a part of the Fullprof package. Petr
Verftat created user-friendly program in Excel that is widely
available [7]. However, with many data points it can be
rather slow. After several attempts to find open simple, fast
and robust such a program, I have found the free software
LIPRAS (Line-Profile Analysis Software) developed in
Matlab at North Carolina State University [7]. The Matlab
version requires MATLAB® 2016b, or higher, with Curve
Fitting ToolboxTM and GUI Layout Toolbox [8] or at
GitHub. In addition to Matlab version, stand-alone version
is also available. It utilizes MATLAB® runtime which is
free and can be downloaded online or through the installa-
tion manager [9].

© Krystalograficka spoleé¢nost


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

Materials Structure, vol. 30, no. 4 (2024) @

294 Struktura 2024 - Lectures
& UIPRAS, Line-Profile Analysis Software s] X
File Plot Help
d% S eE
Dataset Path C:\data\bursiki2024124-119\ ~ Reverse : -
s Browse File Order 24-119.0y 10f1
4
1.Setup 2. Options 3. Results 10 r 1 1 24-|119.xy a °,f1) r
L ®  Measured Data |
Wavelengths 2 Overall Fit
Number of 3= = = = :Background
peaks: = Cu-Kal: {5406 Angstroms 181 (1) Pearson Vil -
CuKo2 (Peak 1)
[ Lab X-Ray Cu-Ka2: |1.5444 Angstroms. 16+ (2) Pearson Vil _|
Cu-a2 (Peak 2)
(3) Pearson Vil
Peak function SR A Y A, W Cu-KaZ (Peak 3) 7]
1 Pearson Vil ON 3
2 Pearson Vil - Ox “E 12r 1
3 |Pearson Vil ot F
w g 1k i
Cm z
081 B
Update Select Peak(s) 06l i
Fit Bounds 0.4+
Initial | Lower | Upper — 2
N1 963.7245 04.8186... ~ | CIRecycle 0.2 1
x1 | 18.3613 18.1363 18.5863 . L L L L L - L
il 0.3970 0.0100 0.7941 [Refine Bkg i i 18 18.5 19 195 20 205 21 “hlE
m 2 05000 20 26(%)
N2 | 4.3765... 02.1883... [INo Bounds s T T T T T T
x2 | 19.3931 19.1681 19.6181
2 | 04095 0.0100 0.8191 — 200 4
| Fit Data |
2 0.5000 20 | | /
e B 0 —\,\/\_/\/\/\/\n/\/\/~/\/\/\j\f\ \/\‘/—/\/\jf B
1 1 Y 1 1 1 1
17 18 20 05 21 21

4 Prev Next b -200

175 185 19 195 5

Rp: 1.0811 % Rwp: 1.414 % GOF: 1.4367

Figure 1. Example of main fitting window with three peaks and Pearson VII function.

I have found the software useful, simple to use, robust
for fitting of even complicated overlapped diffraction
peaks. The fitting is simple. Several different file formats
can be used including, of course, two column ASCII data.
After opening the file, it is possible to define range of inter-
est, select polynomial for background fitting and click
background points. The next window is the main one.
There, single wavelength data or XRD lab data (Ko ; dou-
blets) should be selected, number of peaks, the used func-
tion for each of them and click approximately their
positions as initial values for non-linear optimization algo-
rithm. Constraints on fitted parameters can be put, if neces-
sary, and then the fitting can be performed either with or
without background refinement. In last window, fitted pa-
rameters can be read.

The features of the program are shown in download
pages

* Quickly extract relevant peak information about the
position, full width at half maximum (FWHM), and
intensity

» Conduct Bayesian inference on least-squares results
using a Markov Chain Monte Carlo algorithm

» Customize the background fit by either treating it
separately (Polynomial or Spline) or including it in
the least-squares routine (Polynomial only)

» Can analyzes files with a different number of data
points and/or X-values, however, check fitting range
before attempting

 Fitup to 20 peaks in the current profile region

* Choose from 5 peak-shape functions: Gaussian,
Lorentzian, Pseudo-Voigt, and Pearson VII, and
Asymmetric Pearson VII

» Peak-shape functions can be constrained in terms of
intensity, peak position, FWHM, and mixing coeffi-
cient

» Automatically calculate Cu-Kalpha2 peaks when
working with laboratory X-ray data

» Change any of the starting fit values and instantly
view a sample plot of the fit, before conducting a fit

 Visualize results with a plot of the resulting peak fit
and residual plot

» Parameters files are written to recreate fits and detail
what fit parameters and profile shape functions were
used

+ Accepts the following file types: .xy, .xye, .xls, .xlsx,
fxye, xrdml, .chi, .csv (Windows Only)

 Resulting coefficients values can be viewed with file
number

« For multiple diffraction patterns, results from previ-
ous fit are subsequent starting parameters for next fit

The last items allows easy and quick fitting of multiple
files. Typically, for example, sets measured with changing
temperature when only diffraction parameters of the peaks
are smoothly changing and then plot of the parameters vs.
file number that can easily be changed to the temperature,
for example.

Example of main fitting window is on Fig. 1

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

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

3. L. Lutterotti, Nuclear Inst. and Methods in Physics Re-
search, B268, (2010) 334-340.

4. https://www.xray.cz/mstruct/

5. Z.Matéj, R. Kuzel and L. Nichtova, XRD total pattern fit-
ting applied to study of microstructure 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. Giovanni Esteves, Klarissa Ramos, Chris M. Fancher, and
Jacob L. Jones. LIPRAS: Line-Profile Analysis Software.
(2017). DOI: 10.13140/RG.2.2.29970.25282/3.

8.https://www.mathworks.com/matlabcentral/fileexchange/6216
2-line-profile-analysis-software-lipras

9. https://sourceforge.net/projects/lipras/.
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X-ray radiography and computed tomography on a small table-top diffractometer

RENTGENOVA RADIOGRAFIE A VYPOCETNi TOMOGRAFIE NA MALEM STOLNIM
DIFRAKTOMETRU

P. Mikulik, M. Meduna

Ustav fyziky kondenzovanych latek, Prirodovédecka fakulta, Masarykova univerzita, Brno
mikulik@physics.muni.cz

Rentgenova radiografie patii mezi nejstarsi techniky pro
zobrazovani vnitini struktury objektd neprthlednych ve
viditelném svétle. Ziejm¢ nejvetsi uplatnéni metod rtg
radiografie je v medicing, kdy je mozné pomoci rtg paprskl
ziskavat obraz rozlozeni kosti a vnitinich organt v téle
pacienta. Dale se v praxi tato metoda vyuziva pii nedes-
truktivnim zobrazovani materiald, soucastek a dalSich
objektll, naptiklad ve strojirenstvi. Az do 80. let 20. stoleti
byly radiografické snimky vyhradné zaznamenavany na
fotograficky film a teprve s prichodem moderni elektro-
niky nové digitalni technologie vytlacuji ptivodni styl zaz-
namu na filmy. Nejvétsi pokrok v zobrazovacich metodach
pomoci rentgenového zafeni tkvi v poslednich letech
zejména v pokrocilych moznostech detekce rentgenovych
paprska 2D plosnymi detektory s pfimou digitalizaci do
pocitace. To vedlo k velkému rozvoji metod vypocetni
tomografie (CT), kdy je ze série nasnimanych projekénich
obrazli rekonstruovano rozlozeni absorbce v ozaieném
objemu vzorku.

Zobrazovaci rentgeny a tomografy jsou dnes dostupnou
soucasti 1ékaiskych zafizeni, laboratofi ¢i prumyslovych
center. Zafizeni jsou obvykle velmi draha, zobrazené
vysledky jsou vSak precizni a dodavany vizualizacni soft-
ware dokéaze spoustu pokrocilych moznosti ve 3D zobra-
zovani.

Nasim cilem mnoha poslednich let je zptistupnit stu-
dentim metody radiografie a CT s digitalizaci obrazu pfi
pouziti malého Skolniho stolniho difraktometru se vzdu-
chem chlazenou rentgenkou, ktery je v soucasné dobé
k dispozici od firem Phywe a Leybold. Finan¢né nakladnou
casti u komerénich zafizeni je 2D detektor, coz jsme
vyfesili nékolika podstatné levnéjsimi zpisoby — jednak
diky Siroce dostupnym zubaiskym detektorim (dfive
pameéeové folie s vycitacim zafizenim, nyni digitalni detek-
tory pifimo pfipojitelné k pocitaci), ¢i fotografovanim
radiogramu zobrazeném na scintilaénim stinitku pomoci
kvalitni digitalni zrcadlovky, viz obr. 1. Profesiondlni
rotacni stolky, které dosahuji vysoké stability nutné pro
mikro-CT, Ize pro nizsi rozliSeni nahradit rotaénim stolkem
vytisténym na 3D tiskarné a fizenym Arduinem. V nasem
prispévku ukézeme néktera konkrétni uspofadani a
vysledky ziskané na nékterych zajimavych biologickych
vzorcich ¢i elektronickych soucastkach, viz obr. 2.

Obrazek 1. Sestava pro radiografii ¢i CT — rentgenovy
difraktometr Leybold s vytiSténym stolkem pro vzorek a
snimanim obrazu digitalni zrcadlovkou Pentax.

Obrazek 2. Radiogram kabelu VGA-HDMI.
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