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where sj is a scale factor, Gy is the peak-shape function
and /j; is the tabulated intensity for phase k and peak j . The
summation is over all reflections j and all minerals .

The main measured materials in our laboratory are
burnt clay and cordierite grog. The software has been used
for almost 25 years with very good results and over 100
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000 samples have been evaluated over the years. The
reproducibility of measurements for the majority phase
with contents above 10% is below 2% (relative) and for mi-
nor phases with a phase content below 10% is better than
5% (relative).

Possibilities of computer simulations

MOzNOSTI POCITACOVYCH SIMULACI
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Abstract

Personal experience with computational approach to crys-
tal structure solution and refinement and also to crystal
properties will be shortly summarized.

Uvod

V poslednich letech se vykon a dostupnost pocitact
neustale zlepsuje. Proto se predikovani riznych fyzikal-
nich vlastnosti a struktury latek dostava do SirSiho podve-
domi védecké spole¢nosti a buduje si postupné svou
neptehlédnutelnou roli ve védeckém zivote.

Pustil jsem se do pocitaéovych simulaci, aby mi ,,neujel
vlak®, protoze véfim, ze podil simulovanych vysledkt vici
experimentalnim se bude neustdle zvySovat. Navic
umoznuji validaci a spravnou interpretaci namétenych dat.
Rad bych zde prezentoval nékolik prikladt vyuziti,
z kterymi jsem mél moznost se setkat. VétSina priklada je
pocitana s vyuzitim komeréniho vypocetniho baliku Mate-
rial Studio [1] v rdmci kterého zminim moduly: CASTEP —
kvantové mechanické vypocty pro periodické systémy
v ramci DFT (Density functional theory), FORCITE a
GULP — molekulova mechanika s moznosti editovani ¢i
vytvareni vlastnich ,,forcefieldu®, REFLEX — zpracovani
difrakénich praskovych dat, feSeni i upfesiiovani struktury,
SORPTION - sorpce malych molekul ¢i atomt do
poréznich struktur. POLYMORF — predikce stabilnich ¢i
metastabilnich krystalickych usporadani dané molekuly.
Program GULP je i samostatné a bezplatné dostupny [2].
Pro DFT vypocty jsem pouzil také program QUANTUM
ESPRESSO [3] s grafickym rozhranim BURALI [4], ktery
1ze stdhnout zdarma.

Potencidlni energie a geometricka optimalizace

Jednou ze zakladni uloh je vypocet potencialni energie
dané struktury. Tuto ulohu Ize pak nasledné rozvinout
v hledéani struktury s nejmensi energii. A uz je pouzit
klasicky ¢i kvantové mechanicky pfistup, je mozné

optimalizovat pozice atoml i velikost zakladni buiky.
V pfipad¢ hledani teoretické zakladni bunky neptesahuje
odchylka s porovnanim s experimentalnimi hodnotami
nékolik malo procent. Na Obr. 1 jsou porovnany namefené
a teoreticky napoctené miizkové parametry pro systém
SrTi-MnOs. Struktury s ¢asteCnou ¢i smiSenou okupanci
jsou problematické. Resenim, je zavedeni supercely, kde
v dané pozici je jen den atom, ale primérny pocet dané¢ho
atomu odpovida stechiometrii.

Upfresiiovani struktury z difrakénich dat
s vyuZitim energetického ¢lenu

V ramci modulu REFLEX je mozné pouzit kombinované
upfeshovani struktury, pii kterém je pouzit kombinovany
faktor shody

R =wR™ +(1-w)R " (1)
kde w je vaha mezi difrakénim faktorem shody R**” a
energetickym faktorem shody R”**. Jako difrakéni faktor
shody je pouzit klasicky Ry, faktor. Energeticky pfispévek
je pocitan pomoci modulu FORCITE a lze vyjadrit jako

R =0NE-E_ )/ E,, )
kde E je potencialni energie daného stavu, E,; je
minimalni nalezend potencialni energie a £, je energetické
toleran¢ni okno.

Zavedeni energetického cClenu vam drzi molekulu
pohromadé¢ a je mozné upiesiiovat strukturu i pro relativné
Spatna difrakéni data, ¢i v pfipad¢ kvalitnich dat pokud
jsme déle od globalniho minima postupné zvysovat vahovy
faktor ve prospéch difrakéniho ¢lenu, jak se ptiblizujeme
celkovému minimu. Vyhodou oproti bézné pouzivanym
restrikcim je pruzny charakter vazeb, ktery by mél umoznit
snadngjsi pohyb atomi/molekuly smérem ke globalnimu
minimu. Zavedeni vlastnich restrikci a omezeni je
samoziejmeé také mozné.
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Obrazek 1. Miizkové parametry v systému SrTi; Mn,O;. Porovnani

namétenych a ab-initio napo¢tenych hodnot.

SORPTION

V tad¢ aktivnich forem zeolitd jsou nékteré atomy Si
nahrazeny anionty Al. Proto museji byt ve struktuie jesté
né&jaké kationty, které kompenzuji tento naboj. Nalezeni
pozic téchto atomti ve struktufe pomoci difrakénich
technik neni jednoduché diky jejich ¢astecné okupanci.
Napt. pro zeolit SSZ-16 jsou tyto atomy ve struktuie
(66844-1CSD) umistény do stiedu objemnych kavit. Dle
vypoétil tohoto modulu viak vychazi, Ze tyto Na* kationty
by méli lezet blizko Al aniontl, tedy blize hranicim
jednotlivych kavit. Presnéjsi umisténi téchto aniontl je
zajimavé také z pohledu vyuziti zeolitd jako molekularnich
sit ¢i absorbatort. Je pak mozné naptiklad predpovédet,
kolik molekul metanu se vejde, pfi daném tlaku, do
zakladni bunky daného zeolitu. V modulu SORPTION se
pouziva piistupu klasické fyziky s pouzitim principt
molekulové mechaniky. Velmi dulezité je vSak spravné
pfifazeni nabojl na jednotlivych atomech. Tento naboj je
velmi Casto pfevzat z ab initio kvantové mechanickych
vypoctl.
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Obrazek 2. Energie v zavislosti na torznim uhlu. Pro volnou
molekulu jsou pozorovany dvé stabilni uspofadani MinA a MinB.

M Experimental data at room temperature

Polymorfizmus a predikovani struktur

Pro nékteré latky je téméf nemozné vypéstovat
monokrystal, z kterého by se dala vyfesit
struktura. Pro vyfeSeni struktury z prasku zase
existuji hranice, za které je velmi obtizné se
dostat. Vypocetni postupy, které umoziuji predik-
ce struktury, proto nabizeji velmi zajimavou alter-
nativni moznost. Modul POLYMORF opét
vychazi z klasické fyziky s vypoétenymi naboji
Pokud mame

pomoci kvantového pfistupu.
s flexibilni molekulu, kterdA ma vicero stabilnich
1 konformaci, je nutné hledat vzajemné prostorové

uspotadani téchto molekul pro kazdou z nich. Pro
hledani stabilnich konformaci dané molekuly je
mozné vyuzit modul CONFORMER, ktery
umoziuje ménit né&jaky stupenn volnosti, tieba
torzni uhel z definovanym krokem a napocita
energie pro kazdou z téchto poloh, viz Obr. 2.

Po vybrani prostorové grupy/grup, v kterych chceme
hledat feseni, se pusti Monte-Carlo simulace, ktera vygene-
ruje tisice moznych krystalovych struktur. Vypocetné
proto je mozné tyto struktury nejprve rozttidit do skupin na
zéklad¢ vzajemné podobnosti a geometricky optimalizovat
jen zastupce dané skupiny. Po geometrické optimalizaci
nasleduje dalsi klastrovani, pfi kterém zji§ ujeme, jestli
nekteré potencialni struktury nespadly do toho samého
energetick¢ého minima. Generovani struktur na zakladé
Monte-Carlo nezarucuje nalezeni uspotadani s minimalni
energii, proto se doporucuje zopakovat cely proces n¢ko-
likrdt. Mozné polymorfy jsou ty, které maji nejmensi
energii. Jsou to samoziejmé jen ndvrhy potencidlnich pros-
torovych usporadani. Pokud mame k dispozici difrakéni
zéaznam, ktery nedosahuje takovych kvalit, aby umozioval
stanoveni struktury, je mozné vyuzit tento zaznam k porov-
nani s difrakénimi zdznamy napoctenymi z predikovanych
struktur. Tato moznost je zajimava napf. v ptipadé, Ze mate
ve vzorku minoritni fazi, kterd vam znemoziuje vyfesit
strukturu klasickym zplsobem. V piipadé porovnavani

Obrazek 3. Struktura SrTiO; a izoplocha
elektronové hustoty.
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difrakénich zaznamt hraje minoritni struktura vedlejsi roli
a dominantni struktura by méla byt snadnéji identifiko-
vatelna.

Predikovatelné veli¢iny a vlastnosti

Co je na pocitacovych simulaci z mého pohledu tizasné, ze
umoznuji propojovat fyziku pevnych latek. Je mozné
spocitat pasovou elektronovou strukturu, hustotu stavi,
elektronovou hustotu, fononové disperzni kiivky a hustotu
stavi, elastické konstanty, bulk modulus, poissonovo ¢islo,
optické a termodynamické vlastnosti, dielektrické a
piezoelektrické konstanty a mnoho dalsiho. Na Obr. 3 je do
struktury SrTiO; zakreslena izoplocha elektronové
hustoty. Je patrné, Ze vazba Ti-O ma oproti vazbé Sr-O
kovalentni charakter.

L13

Zavér

Pocitacové simulace se stavaji v souc¢asné dobé ¢im dal tim
dostupnéjsi, pfesnéjsi a otviraji nam krystalografiim nové
moznosti.
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SURFACE STRUCTURE OF CHEMICALLY MODIFIED POLYMERIC NANOFIBERS
STUDIED BY MOLECULAR MODELING

Petr Ry$anek, Marek Maly, Pavla Capkova
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Polymeric nanofibers — nylon 6 prepared by electro-
spinning were modified by various antimicrobial agents in
order to optimize antimicrobial effect and structure stabil-
ity of modified nanofibrous textile for application in air fil-
tration. Three different antimicrobial agents have been
tested for practical use. chlorhexidine (CHX), 1-dodecyl-
trimethylammonium bromide (DTAB), benzyltrimethy-
ammonium bromide (BTAB). Modified nanofibers were
studied by analytical techniques (XRD, XPS, SEM, Zeta
potential measurements) and also by molecular modeling.
The aim of molecular modeling studies was to confirm the
stability of modification and also to clarify the surface ar-
rangement of modified nanofibers.

Molecular modeling calculations have been carried out
in Materials Studio and Amber modeling environment. Our
previous XRD study revealed [1] that nylon 6 nanofibers
prepared by electrospinning contain both alpha and gamma
phase, where alpha phase is in core and gamma phase in
surface shell in nylon 6 nanofibers. Therefore for our study
we use gamma phase interacting with modifying agents.

The calculations in Materials Studio, COMPASS II
forcefield, were made for single molecule of modifying

Table 1. Calculated interaction energy PA6 surface/ligand us-
ing two different force fields COMPASSII and GAFF2.

Interaction Interaction
energy energy
Sample (kcal/mol) (kcal/mol)
COMPASSII GAFF2
PA6/DTAB -43.13 (3.14) -53.06 (6.58)
PA6/BTAB -31.40 (4.65) -48.35 (3.18)
PA6/CHX -57.62 (3.75) -70.91 (4.76)

Figure 1. Representative positions of isolated ligands CHX (left),
DTAB (middle) and BTAB (right) on the crystalline surface of
nylon 6 (gamma phase).

agent. the motivation for this study was calculate interac-
tion energy between modifying agent and the nanofiber
surface. From the interaction energy, the stability of modi-
fication could be confirmed. The calculated interaction en-
ergies for all three modifying agents are in Table 1.

The calculations in Amber 16, GAFF2 force field, were
also made for single molecule of ligands to confirm the in-
teraction energies calculated by COMPASS II force field.
The values of interaction energies are in Table 1. The com-
parison of the values shows good agreement between se-
lected force fields -calculations. The representative
positions of single molecules of aditives are in the Figure 1.

Ambrer software was also used for calculation using re-
alistic concentratuions of DTAB and BTAB. The
cvoncentrations of aditives were determined by XPS analy-
sis, which provide information about surface chemistry to
the depth about several nanometers [2]. These calculations
were made for the clarifying of the surface structure of
modified nanofibers. The simulated surfaces are in the Fig-
ure 2.
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Molecular simulations helped us to confirm the stability
of modification of nanofibers by antibacterial aditives.
Very important result was also the simulation of nanofiber
surface with realistic concentration of aditives, which
showed, that the concentration used is sufficient to cover
almost whole surface of the nanofiber. This is important for
future applications.
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Figure 2. Simulated systems of BTAB (41 molecules) and
DTAB (38 molecules) molecules on the crystalline surface of ny-
lon 6 (gamma phase)

CELLULOSE NANOCRYSTALS - STRUCTURAL INSIGHTS VIA 2D Q-MAPPING

Heike Ehmann

Anton Paar GmbH, Graz, Austria

Cellulose, as the most abundant biopolymer in the world, is
the structural component of the primary cell wall of green
plants, as well as many algae [1-3]. There are various meth-
ods known which describe the extraction the crystalline re-
gions like the here presented acidolysis which results in the
formation of cellulose nanocrystals (CNC) [4]. CNCs are
very popular in modern science due to their outstanding
properties like reactivity, high surface to volume ratio, lig-
uid crystalline behavior, colloidal stability as well as their
unique mechanical properties. Cellulose occurs not only in
nature but also in laboratory in many modifications and
structural forms [3-4]. The use of nanoscale cellulose fibers
and their application in the field of composite materials has
become very popular due to their high strength, stiffness,
low weight, biodegradability as well as renewability [4-7] .

To extract these extraordinary properties, one has to
break down the hierarchical structure of the plant into indi-
vidualized nanofibers of high crystallinity and reduced
amorphous regions. The extraction of the crystalline do-
mains described in this work is the controlled acidolysis in
sulfuric acid. The focus of this talk lies on small and wide
angle X-ray scattering (SWAXS) techniques using the

TrueSWAXS feature by creating a full 2D g-map of the re-
sulting CNC species. The SAXS regime allows to assess
the size and shape via the intra-particle interferences via
the form factor and the also the inter-particle interferences
via the so-called structure factor (interaction). Additionally
the crystallinity was determined by using the 2D WAXS
profile. For this purpose the device function was deter-
mined using NIST660c (LaBy) to take the peak broadening
and intensity calibration into account.
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X-RAY DIFFRACTION SYSTEMS — TECHNICAL ADVANTAGES AND APPLICATION
RELATED BENEFITS

Lukasz Sadowski
STOE & Cie GmbH, info@stoe.com

Experimental factors such as crystal characteristics, avail-
able experiment time and the properties of the X-ray
sources and detectors have a strong impact on data quality
and can make the difference between success and failure in
phasing attempts or result in a more or less accurate atomic
model. The talk focuses on the XRD equipment and is in-
tended as an overview on recent developments of X-ray
diffraction systems and the fields where STOE XRD in-
struments are most beneficial.

A variety of measurement setups with respect to
goniometers, diffraction geometries, detectors, X-ray
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sources and sample environments will be presented, and
both Powder XRD and Single Crystal XRD applications
will be exemplified. Additionally, recent advances in de-
tector technology, novel in situ camera and implementation
of MetalJet X-ray source will be highlighted and the tangi-
ble benefits for the scientists will be made transparent, e.g.
gaining measurement speed, improving data quality and
acceptance of samples with complex crystallinity.

STRUCTURAL DESCRIPTION AND PROPERTIES OF Mg.Al-LAYERED DOUBLE
HYDROXIDES INTERCALATED WITH THE FLUVASTATIN ANIONS SOLVED BY
MOLECULAR SIMULATION METHODS

M. PSenicka, M. Pospisil

see page 151
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IN-SITU SANS STUDY OF PRECIPITATES NANOSTRUCTURE OF SINGLE CRYSTAL
Ti-15Mo

V. Ryukhtin', P. Strunz', P. Kadletz', P. Zhanal?, U. Keiderling®, D. Wallacher®
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Titanium alloys have plenty of applications in industry and
medicine due to unique combination of high strength, low
density, and excellent biocompatibility [1]. Ti-15Mo (in
wt.%) is called B-stabilized binary alloy, it contains mostly
-phase (bcc) and also encloses metastable precipitates of
o (hexagonal) and a (hcp) phases [2]. Microstructure of
the precipitates has great impact on mechanical properties
and thermal stability of the alloy. Thanks to nanometres
size of the precipitates and partitioning of molybdenum
content in different phases small-angle neutron scattering
(SANS) instrument can be effectively used for the in-situ
investigation of this microstructure.

In the present studies SANS data were measured at
three orientations of the single crystal sample — (111)g,
(110)g and (100)g of B-phase with correspondent plane per-

pendicular to incident neutron beam direction. Samples
were installed in vacuum high temperature furnace and
heated with heating rates of 1 K/min from room tempera-
ture up to 600 °C. SANS data were recorded in so-called
list-mode and afterwards binned by time frames of 5 min-
utes, which corresponds to temperature range of 5 K. The
measured data were calibrated using water and corrected
by standard measurements of cadmium background. Scat-
tering of the sample in high temperature furnace was used
as “buffer” background.

2D pattern of SANS for sample orientation [100]f par-
allel to incident neutron beam at temperature range 410 °C
+ 415 °C taken at sample-to-detector distance SD = 12 m
with collimated neutron beam of 5 A (£ 0.5 A) wavelength
is shown in Figure 1. The observed reflexions are formed
by interparticles structure factor, due to high ordering of
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