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odlestén. Obrazek 2 ukazuje zihani lesténého vzorku na
hodnotu povrchové mikrodeformace. Meéteni bylo
provadéno in-situ v teplotni komofe HTK 2000. Po dob¢
cca 150 minut byla teplota 2x zvysena z 300°C na 400°C a
po té z400°C na 500°C.

Je patrné, ze objemova mikrostruktura titanovych
vzorkli pfipravenych z komeréné dostupnych ty¢i titanu
oznacovanych ,,Grade 2 se 1i$i od hodnot na povrchu po
ptipravé povrchu lesténim. K dosazeni mikrostruktury na
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povrchu srovnatelné s objemovymi vlastnostmi jsme
zkouseli elektrolytické lesténi, které nemodifukuje
objemové vlastnosti, ale bohuzel zptsobuje nechtény reliéf
na povrchu vzorku. Na druhou stranu zihani celého ve
vakuu zachovava povrch hladky a rovny, ale na druhou
stranu ovliviiuje objemové vlastnosti vzorku.

1. Y.Z. Liu, et al. Phase formation and modification of corro-
sion property of nitrogen implanted TiAlV alloy. Vacuum
81: 71-76, 2006.

NEUTRON SCATTERING AND ITS COMPLEMENTARITY WITH X-RAY TECHNIQUES
Jifi Kulda

Institut Laue-Langevin, Grenoble, France

The unique blend of particle and wave properties - large
rest mass, zero electric charge, magnetic dipole moment,
isotope-specific scattering in combination with A-scale
wavelengths - makes of neutrons a very attractive and effi-
cient tool for investigation of structure and dynamics of
condensed matter. Since several decades elastic and in-
elastic neutron scattering became a standard experimental
tool in a variety of condensed matter research domains,
complementing the much more current X-ray scattering.
Determination of magnetic structures, mapping the mo-
mentum and energy of structural and magnetic excitations
and investigations of soft matter and biologic systems with
the use of the isotopic hydrogen-deuterium contrast varia-
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tion are just a few most significant examples. Thanks to the
construction of dedicated national and international
high-flux neutron sources this technique, originally re-
served to a small number of highly specialized teams, be-
came accessible to a broad scientific community. This
trend is ongoing with the construction of next generation
spallation sources like the SNS in the USA and ESS in Eu-
rope.

In this lecture we will concentrate on the fundamentals
of neutron scattering techniques and on application exam-
ples of contemporary studies of functional materials related
to spintronics, energy storage and molecular biology.

VALIDATION OF POWDER DIFFRACTION BASED STRUCTURE DETERMINATION
RESULTS BY DFT-D QUANTUM MECHANIC CALCULATIONS
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Introduction

Due to the loss of information related to measurement prin-
ciple, results of crystal structure determination based on
powder diffraction data are often not 100% reliable. Addi-
tional techniques like solid-state NMR, geometry check
against common molecular parameters from databases or
energy calculation should be used to verify the crystal
structure and molecular geometry as well. The suggested
methodology is described in details in article [1]. The men-
tioned article describes QM minimization of 225 molecular
crystal structures determined by powder diffraction from
witch 8.8% was found to be incorrectly solved. The aim of
our work was to test whatever we can apply similar check
to our results.

Methods

We did not have available VASP software nor the special
force field method developed for dispersion correction im-
plemented in GRACE software as used in the mentioned
article [1]. Our calculations were done in CASTEP soft-
ware as implemented in Material Studio [2] software pack-
age. We had used geometry optimization approach
consisting of two steps as suggested in [1]: firstly, the cell
was fixed during the geometry optimization, and secondly,
cell parameters together with molecular geometry were op-
timized.
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Table 1. RMSCD values for 6 tested structure

CSD code RMSCD for non H RMSCD for all atoms | RMSCD for non H RMSCD for all atoms
atoms (A), cell fixed | (A), cell fixed atoms (A), cell refined | (A), cell refined

BOVDUM 0.2652 0.3762 0.2931 0.4024

SORLOC 0.1093 0.2026 0.1073 0.213

TISCAB 0.0932 0.3145 0.0937 0.3146

WAFLIA 0.0947 0.2542 0.0947 0.2542

XOGLOW | 0.1346 0.2044 0.1367 0.2091

XOGLUC 0.1069 0.1668 0.1107 0.1747

Details of Computation

For the system electron shield description, the GGA-PBE
functional was used. The calculation setup was corre-
sponding to “Fine” preset: 340 eV energy cut-off, conver-
gence criteria - 10” eV/atom energy, 0.03 eV/A maximal
force, 0.001 A maximal atom displacements. The Tka-
tchenko-Scheffler scheme was used for the dispersion cor-
rection.

The original powder based data were compared with
the geometrically optimized data by the Cartesian displace-
ment RMS (RMSCD) to be able to compare atomic posi-
tions in different unit cells. The Cartesian displacement for
an atom in two crystal structures (1) and (2) is described by

eq. (1).
(‘Gl'rz_Gl'rzH‘Gz'rl_Gz'rl‘)/z (M

The r; are the fractional coordinates of atoms in crystal
structure i and G; is the transformation matrix from frac-
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Figure 1. Comparison of incorrect (top) and correct (bottom)
BOVDUM (capecitabine) formula in crystalline state.

tional to Cartesian coordinates for structure ;. The RMSCD
calculation was implemented in Crystal CMP software [3].

Results

The obtained results are summarized in Tab. 1.

Discussion

According to the [1], structures with RMSCD > 0.25 A for
non H-atoms should be considered as suspicious and
checked. The BOVDUM structure falls in such category.
The issue can be related to disorder - for the QM calcula-
tion only one part of the disorder, which was observed in
the crystal structure, was used. However, it sounds like the
explanation is different. This crystal structure (capa-
citabine) was later re-determined by other group from sin-
gle crystal [4] data and it is presented in CSD with code
BOVDUMOLI. The structure redetermination had observed
an incorrect placement of H-atom in our original powder
study, see Fig. 1.

The TISCAB structure shows low value of RMSCD for
non-H atoms, but much higher value for all atoms includ-
ing hydrogen atoms (RMSCD >0.3!). The QM structure
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Figure 2. Comparison of incorrect (top) and correct (bottom)
TISCAB formula in crystalline state.
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suggests a different H atom position and bond order as de-
scribed on Fig. 2.The original article [5] suggests the for-
mula based on liquid NMR data only. In solid state, the
formula can be different. A search in CSD did not find any
similar crystal structure with the same order of hydrogen
atoms as in [5], but it had found about 30 structures with
hydrogen atoms in positions suggested by the QM.

Conclusions

In two from six our powder studies, the DFT-D calculation
had found troubles mainly with positioning of hydrogen at-
oms. It is even worse than the 19/215 issues as found in [1]
but the total number of structure checked is too low to make
a reasonable statistics and conclusions. It is probably clear
anyway that any molecular crystal structure solved from
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powder should be checked by DFT-D geometry calculation
before publications to detect possible issues.

1. J. Streek, M. A. Neumann, Acta Cryst., B70, (2014), 1020.
2. http://accelrys.com/.

3. https://sourceforge.net/projects/crystalcmp/.
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M. Malinska, P. Krzeczynski, E. Czerniec-Michalik, K.
Trzcinska, P. Cmoch, A. Kutner, K. Wozniak, J. Pharm.
Sci., 103,(2014), 587.

5. J. Rohlicek, 1. Kateta, T.B. Ayad, R.B. Hassen, J. Mol.
Struct.,. 1051, (2013), 280.
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CRYSTAL STRUCTURE OF 3-AMINO-5-(AMINOCARBONYL)-2,4,6-TRIIODO-BENZOIC
ACID METHANOL (CsHsI;N2,03.CH;0H) FROM LABORATORY POWDER DATA

J. Maixner, ' M. KindI? and P.Kager?

"Central Laboratories, University of Chemistry and Technology Prague, Technicka 5, 166 28 Prague 6,
Czech Republic
2Department of Organic Technology, University of Chemistry and Technology Prague, Technicka 5, 166 28
Prague, Czech Republic

X-ray powder diffraction data, unit-cell parameters, space
group and 3D crystal structure for 3-amino-5-(amino-
carbonyl)-2,4,6-triiodo-benzoic acid methanol,
CsHsI3N,05. CH30H, are reported [ = 17.0017 (10) A b=
13.8959 (8) A, ¢ = 12.5964 (8) A, unit-cell volume ¥ =
2976(1) A’, MW = 589.89, p =2.641 g/cm™, Z =8, space
group Phca]. The experimental powder diffraction pattern
was indexed by DICVOLO04 [1], solved in direct space and
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refined in DASH[2]. The results of X-ray powder diffrac-
tion structure determination will be presented.

1. A.Boultif & D.Louér. J.Appl. Crystallogr. 37, (2004)
724-731.

2. W. I F.David, K.Shankland, J. van de Streek, E. Pidcock,
W. D. S. Motherwell, J. C. Cole. J. Appl. Cryst., 39,
(2006), 910-915.

POUZITi INFRACERVENE A RAMANOVY SPEKTROSKOPIE PRO UPRESNENI
KRYSTALOVYCH STRUKTUR

Stanislav Kamba
Fyzikalni ustav AV CR, Na Slovance, Praha 8

Pomoci faktor-grupové analyzy krystalové struktury je
mozné urcit vyberova pravidla pro aktivaci fononu v
infracervenych a Ramanovych spektrech [1]. Obecné plati,
ze v materidlech s krystalovym centrem symetrie jsou
infracervené aktivni fonony ramanovsky neaktivni a
naopak. Toto nazorn¢ predvedeme na nékterych mate-
ridlech s perovskitovou krystalovou strukturou jako jsou
SrTiO;, PbTiO; a BiFeOs;. Naopak v materidlech s naru-
Senym centrem symetrie jsou infracervené aktivni fonony
téz ramanovsky aktivni. Tohoto faktu se vyhodné vyuziva
pii studiu strukturnich a feroelektrickych fazovych
prechodi. Feroelektrické materialy totiz nemaji centrum

symetrie a kombinace obou spektroskopii tak umoziuje
ovétit tento fakt mnohem citlivéji nez difrakéni metody,
protoze ty nejsou dost citlivé na rozliSeni centrovanych a
necentrovanych krystalovych struktur. V infracervenych
spektrech se také vyhodné rozlisi strukturni fazové precho-
dy s nasobenim primitivni buiiky — bude demonstrovano na
antiferoelektrickém PbZrO; s osminasobenim primitivni
bunky.

1. D.L.Rousseau, B. R.P., and S. P. S. Porto, Normal mode
determination in crystals. J. Raman Spectr. 10, 253 (1981).
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