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Abstract

High temperature X-ray powder diffraction measurements
were applied to follow the structural and compositional
changes in the Fe-Al-Mo samples produced by a high-en-
ergy mechanical alloying for various times. The samples
after 960 (A), 1920 (B), and 3840 (C) min of alloying using
high-energy ball milling were found to embody a different
homogeneity. The best result was obtained for B sample
with fine-grained structure and homogenously distributed
elements. The X-ray measurements during step-wise in-
creasing temperature from 30 °C up to 1000 °C and the
Rietveld analysis of the obtained patterns have confirmed
the phase stability of B sample. The X-ray diffractometry is
supplemented by magnetic measurements.

Introduction

Fe-Al based alloys form a complete series of solid solu-
tions that are subjected to frequent research efforts. Gener-
ally they are interesting materials for their reasonable low
cost, low density, high temperature corrosion resistance,
good intermediate-temperature mechanical properties, and
last but not least the rich variety of magnetic order types
observed [1-2]. It is known that by adding ternary transi-
tion elements, such as Mo and Ti, not only the high temper-
ature strength but also the magnetic characteristics can be
improved. The alloy of Fe —29 at.% Al—1.5 at.% Mo com-
position prepared by conventional technology is known as
THERMENOL featured by good soft magnetic properties
and high-temperature oxidation resistance [3]. Our effort
was to prepare this alloy by high-energy mechanical alloy-
ing and to continue a series of alloys prepared by this tech-
nology, as Fe-Al [4], and Fe-Mo [5].

Present work is devoted to Fe-Al-Mo system prepared
by mechanical alloying into three various states corre-
sponding to three different times of ball milling and to fol-
low changes in the microstructure and chemical
composition during thermal treatment using in-situ X-ray
measurements. The results are completed by measurements
of magnetic properties.

Experimental

Crystalline Fe-, Al-, and Mo-powders of high purity (99.8
%) and particle size below 10 um were used. The powders
corresponding to Fe-29 at.%Al-1.5 at.%Mo composition
and summary weight of 30 g were initially mixed in a rotat-
ing stainless steel vial without bowl by 200 rpm/2 min. Af-
ter that 180 g of stainless balls of 10 mm in diameter was
added and closed by lid equipped with two needle valves
enabling argon purge and creation of the oversaturated Ar
atmosphere in the vial. Argon purge was done 1 h initially
and after each step of milling when small amount of pow-
der was taken away for further investigation. The milling
cycle was set to 10 min of milling at 300 rpm followed by a
pause of 5 min. The samples after 960 (A), 1920 (B), and
3840 (C) min were used for next studies.

An X’PertPro diffractometer with CoKo radiation
(A = 0.17902 nm) was used for the in-situ studies of the
structural changes occurring during temperature treatment.
The high temperature measurements were carried out by
means of a HTK-1600 heating chamber in a range 30 —
1000 °C in vacuum (~107 Pa). The powder samples were
spread on Pt sample holder. Detailed analysis of powder
patterns was realized using the Rietveld structure refine-
ment method and the ICSD database of inorganic and re-
lated structures.

The temperature dependences of magnetic moments
(thermomagnetic curves) in an external field of 4 kA/m, 4
K/min temperature increase, and the temperature range of
30-800°C in vacuum (~107 Pa) were carried out by vibrat-
ing sample magnetometer.

Results

The time of ball milling influences significantly the state of
an alloying procedure. The A sample milled for the shorter
time (Fig. 1) contains besides the bcc-Fe-Al and
bee-Fe-Mo phases still a small amount of Al and Mo, as it
follows from the room temperature X-ray pattern analysis.
Moreover the peaks corresponding to the Pt sample holder
can be seen in all patterns as well. During the step-wise in-
creasing temperature a diffusion of Al and Mo into bee-Fe
proceeds and changes in phase composition are observed.
The pattern at 1000 °C is composed mainly of bec-FesAls
partially transformed into DO; and of the bce-Fe,AIMO.
The finest structure with homogeneously distributed ele-
ments was obtained after 1920 min (B) of ball milling
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Figure 1. X-ray patterns of A powder sample after ball milling
and at 1000 °C.

which is documented by X-ray diffraction patterns at 30 °C
and 1000 °C in Fig. 2. The peak positions correspond to
bee-(Fe,Mo)7sAlys (B2, DOs) phase. The temperature treat-
ments have contributed to annealing of defects and stresses
and slight increase in the mean grain size from 10 nm to ap-
proximately (25-30) nm. The next step of milling, sample
Cin Fig. 3, resulted surprisingly in partial phase decompo-
sition. The pattern obtained at room temperature has em-
bodied again peaks of Mo however they have diminished
during annealing and were no more detected at 1000 °C.
The patterns of the B and C samples at 1000 °C are not
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Figure 4. Thermomagnetic curves for A, B, and
C samples.

Figure 2. X-ray patterns of B sample after ball milling and at
1000 °C.
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Figure 3. X-ray patterns of B sample after ball milling and at
1000 °C.

identical. While the B sample consists of mainly
(Fe,Mo)75Al,s phase, in the C sample the peaks of Fe;sAls
and FeqsMoy4 can be resolved.

The thermomagnetic curves depicted in Fig. 4 differ ac-
cording to a state of alloying and confirm well the results of
X-ray diffraction measurements. The initial increase in the
mass magnetization is connected with annealing of stresses
and defects. It is clearly seen that the B samples is magneti-
cally homogenous and embodies only one Curie tempera-
ture close to 690 °C which is in agreement with published
value for bce-(Fe, Mo);sAlys phase. A somewhat steeper
increase in magnetization above approximately 520 °C
arises from the DO;—B2 phase transformation [6]. The Cu-
rie temperature T¢; detected at A and C samples corre-
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sponds to arising bce-(Fe,Mo)Al phase while the T, is
slightly below the Curie temperature of the pure bce-Fe.

Conclusion

The in-situ X-ray and magnetic measurements have docu-
mented an importance of milling time in an alloying pro-
cess of the Fe-Mo-Al system. The most structurally and
magnetically homogenous sample was obtained after 1920
min of ball milling. The lower time of milling was not satis-
factory to obtain required phase homogeneity and the
higher milling time has evoked a decomposition of the
bee-(Fe,Mo);5Als  phase into the bee-Fe-Al and
bce-Fe-Mo phases. The temperature treatment has led to
changes in the phase composition of A and C samples,
however both samples at 1000 °C did not resulted in an
identical state from the viewpoint of the composition and
the magnetic properties.
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X-ray diffraction as a tool for in-situ monitoring of thermally induced phase
transitions

RTG PRASKOVA DIFRAKCE JAKO NASTROJ PRO IN-SITU MONITOROVANI
PRIPRAVY FUNKCNICH NANOMATERIALU
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RTG praskova difrakce patii jiz dlouhou dobu
k nepostradatelnym experimentalnim technikdm materi-
alového vyzkumu. Od jejiho objeveni a konstrukce prvnich
difraktometri prosly pfistroje mnoha vyvojovymi kroky,
které umoznily ziskdvat data pomoci RTG praskové
difrakce 1 pii jinych nez standardnich pokojovych
podminkéch. Jednim z takovych piikladt je i RTG difrakce
za zvySenych teplot, ktera v laboratornim méfitku
umoznuje in-situ monitorovat prub¢h reakei v pevné fazi a
reakci pevna faze — plyn. Regionalni Centrum Pokrocilych
Technologii a Materiald (RCPTM) Univerzity Palackého
se v nékolika poslednich letech specializuje na vyvoj
materiali pouzitelnych pro in-situ remediaci znecisténych,
zejména podzemnich vod nejen v méfitcich Ceské
republiky, ale i celé Evropy. Pfi laboratornim vyzkumu
novych materiali se pravé schopnost sledovat proces
termicky indukovanych transformaci materialti ptimo v
jeho prubéhu stala stézejni pro nasledny transfer
technologie piipravy a optimalizace materialt do métitek
pouzitelnych pro pilotni aplikace na zneciSténych
lokalitach.

Materialy vyvijené pro pouziti v oblasti ¢iSténi vod,
pfipadné i dalSich environmentalnich aplikaci, museji
spliovat nékolik zakladnich vlastnosti. Pravdépodobné tou
v némz budou pouzity. Mezi dalsi dilezité vlastnosti patii
naptiklad finan¢ni naroky na pifipravu a skladovani,
efektivita materidlu a technickd a casovd naro¢nost

pripravy. Z tohoto diivodu se pro tyto ticely zacaly vyvijet
materidly tvofené nanocasticemi elementarniho zeleza
(nZVI) s rznymi povrchovymi modifikacemi zabranuji-
cimi jejich samovolné prudké degradaci. Material tvofeny
nanoc¢asticemi ZVI kombinuje velmi nizkou hodnotu
oxidaéné-redukéniho potencidlu elementarniho Zeleza
spolu s velkou aktivni plochou povrchu nanocastic, coz jej
pfedurcilo k tomu stat se velmi efektivnim pro pouziti
v oblasti reduktivnich technologii ¢isténi vod. V soucasné
dobé jsou jiz materialy zalozené na bazi nZVI k ¢isténi vod
bézné pouzivany. Vlastni vyzkum novych materialt se ale
stale posunuje a do popfedi se dostavaji kompozitni
materidly obsahujici nanoc¢astice ZVI imobilizované v/na
vhodné matrici. Kompozitni materialy kombinuji redukéni
vlastnosti nanoc¢astic nZVI s vyhodnymi vlastnostmi pou-
zité matrice. Takovou matrici mohou tvofit napf. zeolity
nebo jilovité mineraly, kde se vyuziva zejména sorpcnich
vlastnosti téchto materidld. Navic diky magnetickym
vlastnostem nZVI lze aplikovany kompozitni material
s navazanymi polutanty nasledné magneticky separovat a
odstranit z cisténych vod. Dalsi vhodnou matrici pro
imobilizaci nZVI mohou tvofit mikrocastice zeleza, jejichz
hlavnim pfinosem je jejich dlouhodoba redukéni aktivita.
Pii vyvoji veskerych vyse uvedenych materialt byla do
zna¢né miry vyuzita pravé vysokoteplotni RTG praskova
difrakce, ktera umoznila velice detailni monitoring
vlastnich transformacnich procest v pribéhu pripravy
materialll a zejména optimalizaci podminek pro piipravu
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materidlu v poloprovoznim méfitku. Prezentované
vysledky byly pofizeny pomoci vysokoteplotni reakéni
komurky XRK900 (Anton Paar, GmbH) nainstalované
k difraktometru X'PertPro MPD (PANalytical). Tato
reakéni komulrka umoznuje provadét experimenty
v rozsahu teplot 25 — 900 °C pfi tlacich plynti v rozmezi
1 mbar az 10 barti ve volitelnych reakénich podminkéch
(redukéni, oxidaéni, inetrni a dal$i reakéni plyny).
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A series of high melting synthetic coal-tar pitch Carbores P
specimens annealed at different temperatures up to
1400 °C was prepared and the thermally induced micro-
structural changes were investigated by the combination of
different analytical methods. From the structural point of
view, the Carbores P is a turbostratic carbon structure,
where the individual graphite layers are arranged parallel
to each other however with random orientation around the
normal to the layers. The temperature evolution of
microstructure of investigated samples was studied using
the X-ray scattering, neutron scattering, X-ray photo spec-
troscopy (XPS), Raman scattering, scanning electron mi-
croscopy with energy dispersive X-ray spectroscopy
(SEM/EDX), transmission electron microscopy particu-
larly with high resolution (TEM/HRTEM) and electron en-
ergy loss spectroscopy (TEM/EELS).

The computer program Turbostratic-C, based on the
Warren-Bodenstein’s theory of scattering on turbostratic
carbon allowing fitting of whole measured scattering pow-
der pattern was written and used for refinement of
microstructural parameters of studied samples from mea-
sured X-ray and neutron scattering patterns. The program
enables the refinement of essential physical parameters of
turbostratic carbon materials, the mean lattice parameters
ay, ¢y, mean cluster sizes parallel and perpendicular to the
graphitic planes La and Lc and its distributions as well as
the mean square lattice displacements (u,”) and (u.%).

From X-ray scattering data measured on investigated
samples we refined the following, temperature activated,
microstructural evolution of the Carbores P. With increas-
ing annealing temperature, the mean cluster size La in-
creased from 1.23 nm in initial powder to 6.05 nm in
specimen annealed at 1400 °C. This is connected to an in-
crease of the number of atoms in each individual graphitic
layer from 46 in the initial powder to 1107 atoms in speci-
men annealed at 1400 °C. The mean cluster size parallel to
graphitic layers increases from 1.07 nm to 4.82 nm, which
corresponds to increase of number of layers from 3 to 14 in

initial powder and sample annealed at 1400 °C,
respectively. Simultaneously, the width of both distribu-
tions increases with growing mean cluster sizes. The evolu-
tion of lattice parameter @, (the lattice parameter in the
graphitic planes, in ab-plane) exhibits pronounced increase
in samples annealed at temperatures 800 °C and higher.
The ay lattice parameter changes from a, = 0.2434 nm in
the initial powder to ay = 0.2449 nm in specimen annealed
at 1400 °C. The recalculated in-plane C—C bond length var-
ies from /¢ ¢ = 0.1404 nm to /c_¢ = 0.1414 nm in raw pow-
der and specimen annealed at 1400 °C, respectively.
However, in all investigated specimens the lattice parame-
ters ay and the in-plane bond lengths /. ¢ are smaller than
its equilibrium values in undisturbed graphite. Contrary to
thermal evolution of lattice parameter ay, the lattice param-
eter ¢y (lattice parameter perpendicular to the graphitic
planes, in c-direction) decreases with increasing annealing
temperature, following well the linear dependence on the
annealing temperature. The refined ¢, lattice parameters of
turbostratic carbon are in all studied samples higher than
those of perfect undisturbed graphite. The lattice parameter
¢y of initial powder is ¢, = 0.7102 nm, which is about 6 %
more than in unperturbed graphite. With increasing anneal-
ing temperatures, the difference between the unperturbed
graphitic and turbostratic lattice parameters decreases. In
sample annealed at 1400 °C the refined lattice parameter is
¢o = 0.6883 nm, which is about 2.6 % higher value than in
perfect graphite. The temperature evolution of mean clus-
ter sizes La and Lc and lattice parameters a, and ¢, are
shown in Fig. 1. Using the refined lattice parameters, the
X-ray structural density of studied samples was calculated.
Calculated densities are smaller than the density of undis-
turbed graphite, and smallest density p =2.19 g/cm® shows
the initial powder. With increasing annealing temperature,
the density increases up to roughly 800 °C where it reaches
the value of approximately p = 2.23 g/cm’, which is about
1.5 % less than the density of perfect graphite. The mean
square atomic displacements (u;”) and (u.) decreases with
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Figure 1. The temperature evolution of the mean cluster sizes
parallel and perpendicular to the graphitic planes La and Lc (a).
The temperature evolution of the mean lattice parameters
in-plane of graphitic layers a, and perpendicular to the graphitic
layers ¢ (b), refined from the X-ray scattering data.

increasing annealing temperature, whereas the refined val-
ues are in all specimens under study higher than the values
of undisturbed graphite. The changes in the refined lattice
parameters together with the decay of the mean square
atomic displacements, all values tending towards the val-
ues of graphite, are attributed to decreasing degree of disor-
der and concentration of defects with increasing annealing
temperature.

The microstructural changes of Carbores P estimated
from measured X-ray scattering data were correlated with
results obtained from other analytical methods. The evolu-
tion of the mean cluster sizes La are in good correspon-
dence with data obtained from the Raman spectroscopy
measurements. The information about the bound types and
its changes were determined from the XPS and TEM/EELS
measurements. The TEM/EELS additionally confirmed the
density changes in the annealed samples. The morphologi-
cal changes of studied samples were investigated using the
SEM and TEM. Finally, the changes on the atomic scale,
growth of the cluster sizes and decay of the disorder with
increasing annealing temperature was confirmed by
TEM/HRTEM.
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Gallium nitride (GaN) is a typical representative of the
group III nitrides that is widely studied nowadays. Due to
the lack of native substrates and high costs for their produc-
tion, GaN is grown heteroepitaxially on foreign (AL,O5 or
SiC) wafers. Recently, a successful growth of (0001)-ori-
ented GaN layers by a modified high-temperature vapor
phase epitaxy (HTVPE) method on GaN templates was re-
ported [1], which were produced by metal organic chemi-
cal vapor phase epitaxy (MOVPE). In contrast to the
conventional growth techniques, this inexpensive method
employs ammonia (NH;) and thermally evaporated metal-
lic gallium (Ga) as precursors at atmospheric pressure.
However, a significant lattice misfit between the substrate
and the GaN template leads to the formation of
microstructure defects like threading dislocations (TDs)
and stacking faults (SFs).

In this work, we determined the TDs densities in
HTVPE GaN layers grown at different ammonia flows on
commercial MOVPE-grown GaN templates and compared
them with the TDs in the templates. Applying controlled
ammonia flow during the growth of particular samples we
observed planar defects that can be partial SFs on the
(0001)-planes, which are characterized by the absence of
nitrogen planes (a or b) in the ... AaBbAaBbAaBb... stack.
The residual stress inherent in the heteroepitaxially grown
GaN layers is ascertained for all samples under study and
MOVPE-GaN templates. The possible reason for the resid-
ual stress is the elastic deformation originating both from
the lattice misfit and from the interplay between the lattice
misfit, differences in the thermal expansion of substrate
and GaN and the formation of microstructure defects. The
values of the residual stress correlate with the layers thick-
ness and the total density of TDs [2].

A series of three samples (P1-P3) having the thickness
of4.5 um was grown in a vertical HTVPE reactor [1]. A 2.5
pm thick MOVPE-GaN deposited on the 3-inch c-oriented
sapphire substrate was cleaved into the 15x15 mm? pieces
and used as a substrate for the HTVPE growth. An in-situ
deposited SiNy mask at the initial stages of the MOVPE
growth was used to reduce the density of TDs [3]. The
growth temperature of all samples was 1080 °C. The am-
monia flow, which defines the [N]/[Ga] ratio (V/III ratio),
was chosen as a sole variable parameter. In our experi-
ments, the ammonia flow varied between 0.05 and 0.5 stan-
dard liter per minute (slm), see Table 1. Additionally, an
uncoated piece of MOVPE-GaN template denoted as N1
was investigated.

High-resolution X-ray diffraction (HRXRD), mi-
cro-Raman spectroscopy and transmission electron mi-
croscopy in scanning mode (STEM) were used as the main
experimental techniques in our study.

First, we applied the reciprocal-space mapping in the
HRXRD mode in combination with the Monte Carlo ap-
proach in order to determine the densities of edge and
screw TDs [4]. For this purpose, the symmetrical 004 and
the asymmetrical 105 reciprocal-space maps (RSMs) were
recorded for each sample. As dislocation bunching is often
observed in thicker GaN layers grown by hydride phase ep-
itaxy, a correlation in the dislocation positions must be in-
troduced into the Monte Carlo approach [5]. The results of
Monte Carlo simulation shown in Table 1 revealed that the
TDs have predominantly edge character. The density of the
edge TDs was 4-5 times higher than that the density of the
screw TDs. A small decrease of the density of the edge TDs
in the HTVPE layers with respect to the MOVPE template
was detected for samples P2 and P3 with the low ammonia
flow. The density of screw TDs was nearly constant for all
samples including the GaN template N1.

In order to determine the residual stress, XRD with a
modified sin”y method and the micro-Raman spectroscopy
were used [2]. The first method recognizes the elastic lat-
tice strain as a shift of the diffraction maxima along the 26
direction from their intrinsic positions, whereas the second
one detects the strain as a shift of the E,(high) Raman
mode. The X-ray based sin’y method determines the aver-
aged strain in the irradiated volume defined by the beam
size and the penetration depth. The micro-Raman tech-
nique enables to focus the laser beam at a desired depth and
to determine the strain locally. The residual stress measure-
ment using both complementary methods is necessary, es-
pecially if a depth gradient of the residual stress is
expected.

The values of the residual stress are summarized in Ta-
ble 1. In general, we obtained a good agreement between
the XRD and micro-Raman data, with exception of sample
P1, where the confocal micro-Raman technique revealed a
strong depth gradient of the residual stress. The samples
under study possess compressive residual stresses that are
comparable with the residual stresses measured in the un-
coated MOVPE template. The residual stress in GaN
grown on sapphire stems from the lattice misfit and differ-
ent thermal expansion coefficients of GaN and Al,Os. To
some extent, the residual stress results from the uncompen-
sated strain fields of bunched TDs, thus it can be strongly
affected by the bunching of the TDs [2].
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Table 1. The characteristics of the samples: NH; flow (C), density of screw TDs (p;y), density of edge TDs (p.), total density of TDs
(Protar), residual stress determined by XRD (oxzp), averaged over the sample thickness residual stress determined by micro-Raman spec-
troscopy (GHRaman)

Sample C [slm] ps [10% cm™] Pe [10° cm™] Protar [10% cm™] oxrp [MPa] O uRaman [MPa]
P1 0.5 2.4+0.4 10.3+1.6 12.742.0 -608+84 -478+50
P2 0.2 2.0+0.3 7.8+1.2 9.8+1.5 611110 -574+50
P3 0.05 22403 8.2+1.2 10.4£1.5 -598+65 -585+50
N1 - 2.0£0.3 10.1£1.5 12.1+1.8 -643+83 -650+50

Al:0s

s um

[0001)

Figure 1. Cross-sectional STEM image of sample P1. The red
rectangles refer to the areas where dislocation bunching takes
place.

The STEM investigations confirmed the presence of
dislocation bunching in the samples (see Figure 1). Here,
one can see several areas located close to the interfaces
(depicted as red rectangles), where several dislocations
converge and form a bunched object. Still, the dislocation
lines of the bunched dislocations are oriented nearly per-
pendicular to the sample surface, i.e., in the [0001] direc-
tion.

In sample P3, which was grown under low V/III ratio,
the detailed STEM investigations revealed several
microstructure defects that deserve our attention (see Fig-
ure 2). They are aligned in the basal planes perpendicular
to the surface and surrounded by partial dislocations. Un-
like the common basal stacking faults (BSFs), these de-
fects do not provide the broadening of the electron
diffraction maxima and they do not disappear if the speci-
men is tilted so that the visibility condition of the BSFs is
not fulfilled. If sample P3 is considered as a Ga-rich layer,
than the revealed type of planar defects can refer to partial
SFs characterized by the absence of nitrogen layers. The
investigation of these defects using electron energy loss
spectroscopy (EELS) can clarify their nature, whereas the
combination of HRXRD with the DIFFaX software [6] can
give their quantitative description.

Summarizing, a successful deposition of the low ex-
pensive HTVPE GaN layers on the thin MOVPE templates
was revealed. The density of TDs in the HTVPE GaN is
comparable or even less than the TDs density that can be

[0001)

Figure 2. Cross-sectional STEM image of sample P3. The
red rectangles mark the areas, which probably contain partial
stacking faults terminated by partial dislocations.

achieved in the MOVPE-GaN buffer layer grown by ap-
plying the SiN, nanomask. That makes our method prom-
ising for the growth of GaN layers with large thickness.
The typical in GaN layers TDs bunching was confirmed by
STEM. The compressive residual stress was determined
using two techniques. Additionally, planar defects that can
probably refer to partial stacking faults were observed in
the sample grown under the lowest ammonia flow. The
study of their interaction with other defects and the deter-
mination of their density will be next steps in our
investigations.
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We present a method that allows to determine atom posi-
tions in the thin layer epitaxially grown on the substrate
whose structure is well known. Usually, the unit cell diam-
eters of the layer and the substrate is very similar which re-
sults in the overlap of the diffraction maxima of the layer
and the substrate in the reciprocal space. Since, it is not
possible to determine the intensity of the layer peak, and
consequently, to determine the atomic positions from the
structure-factor amplitude. On the other hand, the knowl-
edge of the atomic arrangement in thin strained layers is
very important as it is related to the material properties
which can be diametrically different from those in a bulk.

The measured diffraction curve along the crystal trun-
cation rod is a result of the interference between the wave
diffracted in the substrate and in the layer. From the atomic
arrangement in the substrate unit cell, which is usually
well-known for the bulk single crystal, it is possible calcu-
late exactly the diffracted wave by the substrate. We use the

dynamical theory of diffraction to calculate the diffraction
curve [1]. Here, the known substrate wave serves as a refer-
ence and the atomic arrangement in the layer is refined to
fit the experimental data.

We demonstrated this method on a set of epitaxial lay-
ers of SrIrO; grown on different substrates (DyScOs,
NdScOs, GdOs). Several tenths of the diffractions for each
sample were measured and all experimental data were si-
multaneously fitted. The first guess was derived from the
structure of the substrate as all materials in this class have a
similar atomic arrangement and the same space group
(PnmB). From the fitting we were able to refine atomic ar-
rangement. The sensitivity of this method is demonstrated
by the figure bellow which shows that the interference pat-
tern significantly differs for the guessed (started) arrange-
ment and for the refined one.

1. Pietsch, U., Holy, V. and Baumbach, T., High-resolution
X-ray Scattering from Thin Films to Lateral
Nanostructures (New York: Springer), 2004.
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Figure 1. On the left, there is shown the unit cell of SrIrO; (sp.gr. Pnmb) simultaneously for both considered atom configurations: the
substrate-like atomic arrangement and the refined atomic arrangement. The positions of the heavy atoms are very similar for both cases
whereas the positions of the oxygen atoms differ. Their positions are indicated by the green (substrate-like) and blue spheres (refined ar-
rangement). The plot on the right shows the diffraction curve measured (red points) at SrIlrO3/NdScO; (111) diffraction maxima. We
simulated the diffraction curve based on the substrate-like (green curve) and the refined (blue curve) atomic arrangement.
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