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Superlattice is a pe ri odic struc ture of lay ers of two or more
ma te ri als. Superlattices are be ing widely in ves ti gated for
their unique elec tronic and mag netic prop er ties. Re cent ad -
vances in de po si tion meth ods have al lowed the cre ation of
com plex superlattices with prom is ing ap pli ca tions in so lar
cells, sen sors, spintronics, and data stor age. De po si tion of
superlattices re quires very pre cise tun ing of the de po si tion
pro cess. One of the chal lenges of cre at ing high-qual ity
superlattices is the pre cise con trol of the amount of de pos -
ited ma te rial. In our work, we pres ent a new method for
post-de po si tion cal i bra tion of the de po si tion pro cess. 

If the amount of ma te rial de pos ited for each layer is
more or less than the ex act amount needed for one layer,
the re sult ing superlattice has ver ti cal mod u la tion. This
means that the chem i cal com po si tion of the superlattice has 
a pe riod that is not equal to an in te ger num ber of

monolayers. We can char ac ter ize this by a pa ram e ter L
called wave length of mod u la tion, which is the ver ti cal pe -
riod of chem i cal com po si tion.  shows the dif fer ence be -
tween ideal and mod u lated superlattice.

The x-ray dif frac tion on the mod u lated superlattice is
cal cu lated by the fol low ing pro cess. First, the oc cu pan cies
of each ma te rial for each layer are cal cu lated from the
wave length of mod u la tion. And then, the struc ture fac tor of 
the superlattice is cal cu lated as a co her ent sum of the struc -
ture fac tors of both ma te ri als weighted by the oc cu pa tions
in each layer.

Ver ti cal mod u la tion causes a sys tem atic shift and split -

ting of superlattice max ima in 2q/q scans. Ad di tion ally, it
is pos si ble to in clude lat eral inhomogeneity of the lay ers
into the sim u la tion. This causes a broad en ing of the
superlattice max ima. In Fig ure 2 we show sim u la tion and

mea sure ment of 2q/q scan of 2(SrIrO3)/1(SrTiO3)/
1(SrIrO3)/1(SrTiO3) superlattice with the ver ti cal mod u la -
tion pe riod equal to 1.025 of the superlattice pe riod.

Fig ure 1. Sche mat i cally shown the dif fer ence be tween the ideal
(left) and mod u lated (right) superlattice. The ideal superlattice is
2(SrIrO3)/1(SrTiO3)/1(SrIrO3)/1(SrTiO3). The mod u la tion wave -
length of the superlattice in the pic ture is 0.75 of the ideal
superlattice pe riod.

Fig ure 2: 2Theta/Theta scan of 2(SrIrO3)/1(SrTiO3)/1(SrIrO3)/
1(SrTiO3) superlattice with mod u la tion 1.025 of superlattice pe -
riod. Mea sured data are plot ted in black and sim u la tion in red.
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The com bi na tion of top o log i cal in su la tors with ferro elec -
tric prop er ties al lows to in flu ence band struc ture of the sur -
face states. This work in quires into Raman spec tros copy of
ferro elec tric phase tran si tions of chalcogenide com pounds
(SnTe, SnGeTe, PbGeTe, PbSnTe, and PbSnSe). By cool -
ing be low the crit i cal tem per a ture, crys tal struc ture of these 
com pounds changes from the rock-salt, i.e. two inter pen -

etrat ing FCC lat tices, to rhombohedral, and the com pounds 
be come Raman ac tive. The Raman spec tra were mea sured
in the range from 300 K to 75 K, and by cool ing be low the
crit i cal tem per a ture new phon ons ap peared in the spec tra
as well as phonons with temperature-dependent Raman
shift.
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THE REAL STRUC TURE OF a-Fe PHASE OF ROLLED AISI 2205 DU PLEX
STAIN LESS STEEL AF TER SHOT PEENING
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Du plex (stain less) steels are a fam ily of grades that are used 
in ar eas such as au to mo tive, avi a tion in dus try, civil en gi -

neer ing, and food stor age. Two main phases are a-Fe and

g-Fe, mostly in a 1:1 ra tio. Du plex steels ex hibit better
prop er ties, such as cor ro sion re sis tance, com pared to sin -
gle-phase steels [1]. Post-pro cess ing, e.g., Shot Peening
(SP), is used to fur ther im prove the fi nal me chan i cal prop -
er ties of the steel. The main pur pose is to gen er ate com -
pres sive re sid ual stresses in the sur face and subsurface
lay ers of the peened ma te rial. As crack ini ti a tion and prop -
a ga tion are re duced in a com pres sively stressed zone, SP
pro vides a con sid er able in crease in ser vice life [2]. Apart
from re sid ual stresses, SP also in flu ences other pa ram e ters
of the real struc ture. Us ing X-ray dif frac tion tech niques,
the im pact of SP in ten sity on crys tal lite size, re sid ual
stresses, and tex ture were ana lysed. The depth dis tri bu tions 

of these pa ram e ters in a-Fe phase are de scribed. 

Three AISI 2205 rolled sam ples were used. One, which
was not shot peened for ref er ence, was la belled N, and two
peened with pres sure 1.5 bar and 7 bar were de noted P1.5
and P7, re spec tively. Roll ing (RD), transversal (TD), and
nor mal (ND) di rec tions cre ated their co or di na tion sys tem.
The Em py rean and X’Pert PRO MDP PANalytical dif -
fracto meters with man ga nese and chro mium X-ray tube
were used. In or der to ob tain the depth dis tri bu tions of
above-men tioned pa ram e ters, the sam ples were grad u ally
elec tro chem i cally pol ished. 

The crys tal lite size was cal cu lated us ing the Scherrer
for mula ana lysed by {211} dif frac tion line. It was found
that SP caused a re duc tion in crys tal lite size in subsurface
lay ers. For ex am ple, crys tal lites were smaller for P1.5 sam -
ple by ap prox i mately 5 nm com pared to sam ple N. With in -
creas ing dis tance from the sam ple sur face, the crys tal lite

Fig ure 1. The depth dis tri bu tions of the crys tal lite size of {211} dif frac tion line for N and P1.5 sam ples
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size changed to val ues com pa ra ble to those for sam ple N,
as shown in Fig. 1.

The same dif frac tion line was used to ana lyse the re sid -
ual stress dis tri bu tion us ing “” method as sum ing the bi-ax -
ial state of the re sid ual stresses with re spect to RD and TD
axis. As ex pected, SP led to an in crease in com pres sive re -
sid ual stresses in near-sur face re gions. Their sur face val ues 
were around 600 MPa, 550 MPa, and 400 MPa (both di rec -
tions) for P1.5, P7, and N, re spec tively. Sim i lar to the case
of crys tal lite size, the great est change was also found near
the sur face. As the depth in creased, the val ues de creased to
stresses com pa ra ble to sam ple N. The depth dis tri bu tions
of the com pres sive residual stresses in RD are shown in
Fig. 2.

The ori en ta tion dis tri bu tion func tion (ODF) cal cu lated
from the ex per i men tal pole fig ures ob tained by anal y sis of
{110}, {200}, and {211} dif frac tion lines was used for tex -
ture anal y sis. The MATLABTM MTEX tool box pro gram
[3] was used to cal cu late ODF. For N sam ple, the typ i cal
roll ing tex ture of body-cen tred cu bic ma te ri als was found.
Crys tal lites were ori ented along the in com plete á-fi bre with 
a dom i nant {112}<110> tex ture com po nent in all mea -
sured depths. Af ter SP, the tex ture com po nents changed.
They dif fered not only with re spect to peening in ten sity but 

also with re spect to the dis tance from the sur face for in di -
vid ual sam ples. Fig. 3 shows ODF in = 0° sec tions for each
sam ple on the sur face. The tex ture com po nents pre dom i -
nantly changed their sig nif i cant planes. The <110> di rec -
tion re mained pre served in most of the mea sured depths. It
was also found that ODF are better de scribed by par tic u lar
tex ture com po nents, rather than tex ture fibres.

1. TMR Stain less, Prac ti cal Guide lines for the Fab ri ca -
tion of Du plex Stain less Steel, Lon don: IMOA, 2014.

2. J. Champaine, Shot Peening Over view, The Shot Peener,
2001.

3. F. Bachman, R. Hielscher, H. Schaeben, Tex ture Anal y sis
with MTEX – Free and Open Source Soft ware Tool box,

Solid State Phe nom ena, 160, (2010), 63-68.

This work was sup ported by the Grant Agency of the Czech
Tech ni cal Uni ver sity in Prague, grant No. SGS22/183/
OHK4/3T/14.

Fig ure 3. The ODF in j1 = 0° sec tions from sur face for all sam ples. For sam ple N, a-fi bre rep re sented by dashed line and {112}<110>
tex ture com po nent are shown.

Fig ure 2. The depth dis tri bu tions of the re sid ual stresses in RD for all sam ples.
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De ter min ing crys tal struc tures from pow der dif frac tion
pat terns is a cru cial tech nique in chem is try, phys ics, and
ma te ri als en gi neer ing. The pro gram FOX is one tool used
for this pur pose, and we ex tended the choice of optimizers
by the par ti cle swarm op ti mi za tion (PSO) al go rithm. Us ers
can cus tom ize PSO pa ram e ters in di vid u ally or use de fault
set tings. The al go rithm can be in ter acted with through a
graph i cal in ter face or via Py thon scripts. PSO was suc cess -
fully ap plied to three crys tal struc tures (PbSO4, parace ta -
mol, sofosbuvir), all of which were ac cu rately iden ti fied

and matched pub lished data. When com pared to the par al -
lel tem per ing al go rithm, PSO pro duced better re sults in
less time, par tic u larly with the com plex struc ture of
sofosbuvir.

Koèí M. Implementace algoritmu optimalizace hejnem
èástic do programu FOX. (2024) Di ploma the ses. ÈVUT,
Praha.

In th eprogram, this lec ture was re placed by con tri bu tion
by E. Spurná.

SL10

DIFFUSION DYNAMICS IN ECOLOGICAL CONCRETE STUDIED BY NEUTRON
IMAGING METHOD
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Now a days, most peo ple in the world are ex pe ri enc ing the
ef fects of cli mate change, so the goal of hu man ity is to
achieve car bon neu tral ity. One of the main sources of CO2

emis sions is the en ergy and con struc tion sec tors. How ever, 
re new able sources do not pro vide enough to cover en ergy
con sump tion in many re gions. Nu clear power is one pos si -
ble so lu tion, but it gen er ates nu clear waste that needs to be
stored safely.

The aim of this study is to in ves ti gate the dif fu sion pro -
cess of gad o lin ium nitride so lu tions in light and heavy wa -
ter in a novel re cy cled con crete made of red brick rub ble;
the Gd3+ ions are used to mimic dif fu sion of actinides. Dif -
fu sion dy nam ics is stud ied by the neu tron im ag ing method.
Due to the sen si tiv ity of our neu tron cam era im ag ing sys -
tem, we are the first who re port also on di rect im ag ing of
the dif fu sion of heavy wa ter through the con crete ma trix.
For the so lu tions used, the dif fu sion co ef fi cients and dif fu -
sion rates are cal cu lated by us ing the sec ond Fick’s law.
The ob tained re sults are valu able in terms of the search for

a more sus tain able and en vi ron men tally friendly op tion
than convectional con crete in the con struc tion of stor age
fa cil i ties for nu clear waste.

Figure1. Neu tron trans mis sion im ages doc u ment ing the time evo -
lu tion of dif fu sion, ob tained for Sam ple 6. The ac tual dif fu sion time 
is shown.
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The sys tem atic study of re cip ro cal space res o lu tion of
two-di men sional X-ray dif frac tion (2D XRD) setup im ple -
mented at the P21.2 beamline is pre sented. Beam size, sam -
ple thick ness and sam ple-to-de tec tor dis tance were
iden ti fied as key pa ram e ters, mostly af fect ing re cip ro cal
space res o lu tion. Few se ries of 2D XRD pat terns were
taken on pow der LaB6 stan dard sam ple with a mono chro -
matic pho ton beam hav ing en ergy of 81.84 keV. Beamsize
(square pro file) was set to four dis tinct sizes 0.1, 0.3, 0.5
and 1.0 mm. Sam ple thick ness was set to 0.4, 1.0, 1.5 and
2.0 mm. Sam ple-to-de tec tor dis tance was changed from
460 to 1800 mm. Scat tered pho tons were ac quired by 2D
de tec tor VAREX XRD4343CT (2880 x 2800 pix els, pixel

size 150 mm x 150 mm, 16 bit in ten sity res o lu tion). Al to -
gether 144 pat terns were ac quired and used in anal y sis.
Each 2D XRD pat tern was azimuthally in te grated, and its
peak pro files were an a lyzed with pseudo-Voigt func tion.
In stru ment res o lu tion func tion, i.e. vari a tion of the peak

full-width at half-max i mum with Bragg an gle 2q was in -
ves ti gated as a func tion of the beam size, sam ple thick ness
and sam ple-to-de tec tor dis tance.

In tro ducti on

The In stru ment res o lu tion func tion (IRF) in X ray Dif frac -
tion (XRD) de scribes how the in stru ment it self in flu ences
the shape and width of the dif frac tion peaks. This func tion
is cru cial be cause it de ter mines the in her ent lim i ta tions of
the in stru ment in terms of re solv ing power, af fect ing the
ac cu racy and pre ci sion of the XRD mea sure ments. The
IRF is af fected by sev eral ex per i men tal pa ram e ters such as
i) X ray source char ac ter is tics (de gree of mono chro ma tic -
ity, source shape and size), ii) beam op tics and collimation
(beam di ver gence), iii) sam ple ge om e try (sam ple size,
shape, align ment and po si tion ing), iv) de tec tor pa ram e ters
(pixel size, de tec tor dis tance from the sam ple), v) in stru -
ment ge om e try (goniometer pre ci sion, slit widths). All
these im per fec tions and lim i ta tions as so ci ated with the real
ex per i men tal setup con trib ute to the broad en ing of the ex -

per i men tally ob served dif frac tion pro files Iobs(2q). The
P21.2 beamline at PETRA III [1] is a high-per for mance
beamline de signed for a va ri ety of ad vanced sci en tific ex -
per i ments, par tic u larly in the fields of ma te rial sci ence,
chem is try, and bi ol ogy. Ac cu rate de ter mi na tion of the in -
stru ment res o lu tion func tion (IRF) is cru cial for in ter pret -
ing ex per i men tal data cor rectly. This study aims to
char ac ter ize the IRF of the P21.2 beamline, pro vid ing in -
sights into its per for mance and po ten tial ap pli ca tions.

Re search Metho do lo gy

To de ter mine the IRF, we con ducted a se ries of mea sure -
ments us ing a com bi na tion of stan dard cal i bra tion LaB6

sam ple [2] and ad vanced de tec tion tech niques. The meth -
od ol ogy in volved: 1) Per form ing a set of cal i bra tion mea -
sure ments with the LaB6 ref er ence ma te rial us ing an
ex per i men tal setup with a 2D de tec tor on the P21.2 in stru -
ment of the PETRA III syn chro tron source at DESY Ham -
burg. Cal i bra tion mea sure ments were done with sym -
met ri cally vary ing pa ram e ters such as sam ple thick ness,
the pho ton beam cross sec tion and the dis tance be tween the 
sam ple and 2D de tec tor. 2) Anal y sis of ac quired 2D dif -
frac tion pat terns to char ac ter ize the an gu lar res o lu tion of
the P21.2 in stru ment de pend ing on the chang ing pa ram e -
ters. 3) Pro posed a the o ret i cal model based on the ki netic
the ory of dif frac tion and ver i fi ca tion of its agree ments with 
ex per i men tal data us ing a Monte Carlo sim u la tion.

Re sults

The IRF curves shifted to wards lower val ues with in creas -
ing SDD, in de pend ent of the sam ple thick ness and beam
size. For a given beam size and SDD, there is al most no
vari a tion of the IRF with the sam ple thick ness. For a given
sam ple thick ness and SDD, the IRF shifts to wards lower
val ues with de creas ing beam size. With de creas ing beam
size and sam ple thick ness, the noise level in the IRF in -
creases due to lower pho ton sta tis tics and smaller scat ter ing 
vol ume. Sub se quently a sim ple the o ret i cal model de scrib -
ing the sin gle point scat ter ing pro cess based on ki ne matic
the ory of dif frac tion was pro posed. Monte Carlo sim u la -
tions of this model showed very good agree ment with the
ex per i men tal data. In spite the pro posed model did not con -
sider all the pa ram e ters that de ter mine the an gu lar res o lu -
tion of the P21.2 in stru ment (e.g. di ver gence of the pho ton
beam), the achieved agree ment with the ex per i men tal re -
sults con firms the cor rect ness of the as sump tions of our
mode.

1. Schroer C.G., Wille H.C., Seek O.H., Bagschik K.,
Schulte-A Schrepping H., Tischer M., Graafsma H., Laasch 
W., Baev K., Klumpp S., Bartolini R., Reichert H.,
Leemans W. and Weckert The syn chro tron ra di a tions
PETRA III and its fu ture ul tra-low-emit tance-up grade
PETRA IV”, The Eu ro pean Phys i cal Jour nal Plus,137(12), 
doi:10.1140/epjp/s13360-022-03517-6.

2. Black D., Windover D., Henins A., Filliben J. and Cline J.,
“Cer tif i ca tion of Stan dard Ref er ence Ma te rial 660b”, Pow -
der Dif frac tion.

3. Benov D.M., “The Manhattan Pro ject, the first elec tronic
com puter and the Monte Carlo method”, Monte Carlo
Meth ods and Ap pli ca tions, 22(1), (2016), 73–79,
doi:10.1515/mcma-2016-0102.
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With the ad vent of 3D Elec tron dif frac tion (3D ED) tech -
niques of data ac qui si tion and pro cess ing, elec tron crys tal -
log ra phy has emerged as a pow er ful tech nique for
achiev ing ac cu rate struc ture so lu tions and re fine ments at
the atomic level [1]. In this study, we se lected three sam -
ples two in or ganic min er als, epidote and nat rol ite, and one
or ganic, ibuprofen to ad dress spe cific struc tural chal -
lenges. In both epidote and nat rol ite, the po si tion of hy dro -
gen at oms was dif fi cult to de ter mine due to the pres ence of
heavier in or ganic at oms. Epidote is a solid so lu tion and has 
a mixed oc cu pancy of Fe and Al in one site to be de ter -
mined; nat rol ite be ing a non-centrosymmetric struc ture,
ne ces si tated the de ter mi na tion of its ab so lute ori en ta tion;
ibuprofen is a beam sen si tive or ganic sam ple that crys tal -
lizes in two dif fer ent en an tio mers. For ibuprofen we se -
lected a sam ple that is enantiopure (S-form) to ver ify the
ac cu rate de ter mi na tion of the ab so lute struc ture.

All datasets were col lected us ing a TEM FEI Tecnai G2 
20 op er at ing at an ac cel er at ing volt age of 200 kV and
equipped with a Medipix 3 ASI Chee tah hy brid pixel de -
tec tor. The data ac qui si tion was per formed through both
pre ces sion-as sisted stepwise 3D elec tron dif frac tion and
con tin u ous ro ta tion 3D ED (Mi cro ED). Sub se quent data
pro cess ing was con ducted us ing the PETS2 [2] soft ware,
and the struc tures were solved and re fined us ing dy nam i cal 
re fine ment in JANA2020 [3].

All three struc tures were suc cess fully solved us ing dy -
nam i cal re fine ment, al low ing for th e pre cise de ter mi na tion 

of hy dro gen atom po si tions. In the case of Epidote, the
mixed oc cu pancy of Fe and Al was ac cu rately iden ti fied.
No ta bly, the dy nam i cal re fine ment of nat rol ite re vealed a
sig nif i cant 10% dif fer ence in R-val ues be tween the two ab -
so lute ori en ta tions, high light ing a pro nounced sen si tiv ity
to the left- and right-handed struc tures. For ibuprofen, due
to its high beam sen si tiv ity, a low dose cryo 3D ED ex per i -
men tal setup was es sen tial to achieve suc cess ful struc ture
res o lu tion. The slight dif fer ence in R-val ues (1.27%) and
the Z-score test were crit i cal in de ter min ing the ab so lute
con fig u ra tion of S-ibuprofen, dis tin guish ing it from
R-ibuprofen.

1. Gemmi, M., Mugnaioli, E., Gorelik, T., Kolb, U., Pa lati -
nus, L., Boullay, P., Hovmöller, S. & Abrahams, J. (2019).
ACS Cent. Sci. 5, 1315–1329.2. P. J. Chupas, M. F.
Ciraolo, J. C. Hanson, C. P. Grey, J. Am. Chem. Soc., 123,
(2001), 1694.

2. Pa la ti nus, L., Brázda, P., Je lí nek, M., Hrdá, J., Ste ci uk, G.,
& Kle men to vá, M. (2019). Acta Cryst. B, 75, 512-522.

3. Petøíèek, V., Pa lati nus, L., Plášil, J., Dušek, M. (2023). Z.
Krist., 238, 271-282.
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