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PRESENTATION OF LABORATORY OF X-RAY DIFFRACTOMETRY AND
SPECTROMETRY, CENTRAL LABORATORIES, UCT PRAGUE

J. Maixner

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

Central Laboratories at the University of Chemistry and
Technology in Prague (https://clab.vscht.cz/) consists from
nine laboratories and Laboratory of X-Ray Diffractometry
and Spectrometry is one of them. The Central Laboratories
were created with aim to provide support for scientific re-
search and pedagogical activities of the faculties of the
UCT Prague.

The main mission of laboratory consists in the determi-
nation of phase composition of samples using X-Ray dif-
fraction analysis (XRD) involving the measurement and
evaluation of diffraction patterns and in the determination
of elemental composition of samples by X-ray fluores-
cence analysis (XRF). Samples are supplied from univer-
sity departments but also from external customers.

XRD analysis are performed using the following instru-
mentation:

* D8 Advance 0-0 diffractometer (Co tube), variable
slits, transmission/reflective stage, sample changer,
LynxEye 1D detector.

* X'Pert Pro 6-6 diffractometer (Co tube), variable
slits, transmission/reflective stage, sample changer
and PIXcellD detector.

« X’Pert’ Powder 6-0 diffractometer (Cu tube), vari-
able slits, transmission/reflective stage, sample
changer for 15 samples and PIXcel1D detector.

* Empyrean 0-0 diffractometer (Cu tube), variable
slits, eliptical mirror, transmission/reflective stage,
sample changer for 45 samples, thin film attachment
and PIXcell1D detector.

* D8 Discover 6—0 microXRD diffractometer (Co
tube), parallel polycapillary optics POLYCAP, 6
long collimators with inner diameter 0.05, 0.1, 0.3,
0.5, 1, 2 mm, motorized stage with XYZ range
0-24mm, VANTEC-500 2D X-ray detector

* The HTK 1200N chamber with furnace heater oper-
ating up to 1200 °C and MRI chamber with strip
heater operating up to 1400 °C are available for
in-situ X-ray diffraction studies in different atmo-
spheres.

* The software package HIGHSCORE PLUS V 5.0e (PAN-
alytical, Almelo, Netherlands) is used for data evalu-
ation and search in databases PDF-4+2023 or
PDF-4/Organics 2023.

XRF qualitative, semiquantitative and quantitative
analysis are performed using the following instrumenta-
tion:

* Wavelength Dispersive fully automatic sequential
spectrometers can measure 87 elements (Be-U, con-
centration from 1 ppm to 100%), sample must fit in
cylindrical cassette, diameter 52mm and height up to
40mm. Samples are measured in vacuum.

* Possible samples — solid materials, powders and lig-
uids.

* Axios WD spectrometer - Rh tube underneath sam-
ple, 4kW generator, 3 collimators, 6 masks (6, 10,
20, 27, 32, 37 mm), 8 crystals (PX1, PX5, PX4a,
PX7, PE002, Ge 111, LiF 200, LiF 220), propor-
tional and scintillation detectors. SuperQ sw is used
to control spectrometr and for quantitative analysis.
Omnian sw is used for standardless analysis in range
F-U.

» Performix WD spectrometer - Rh tube underneath
sample, 4.2kW generator, 4 collimators, 4 masks
(1.5, 3, 15, 30 mm), 6 crystals (PE002, Ge 111, LiF
200, LiF 220, AX03, AX-BeB), proportional and
scintillation detectors. Oxsas sw is used to control
spectrometr, for quantitative analysis and mapping.
Uniquant sw is used for standardless analysis in
range F-U.

e ZSX Primus IV WD spectrometer - Rh tube above
sample, 4kW generator, 3 collimators, 5 masks (0.5,
1, 10, 20, 30 mm), 6 crystals (PET 002-curved, Ge
111-curved, LiF 200, LiF 220, RX35, RX8S5), pro-
portional and scintillation detector. ZSX sw is used
to control spectrometr and for quantitative analysis.
SQX software is used for standardless analysis in
range B, F-U.

* Energy Dispersive spektrometer (Mg-U, 100ppm to
100%) :

* XL5 handheld ED spectrometer (Mg-U, 2 masks
(3,8mm), concentration from 100ppm to 100%).
Samples are measured in air, no limit on sample size.
Standardless sw is not available = all elements in
range Mg-U cannot be quantified simultaneously.
Preinstalled calibration: General Metals (3,8mm) -
33 elements, Mining(8mm) - 41 elements, Plas-
tics(8mm) - 24 elements, Soil(8mm) - 33 elements,
Coating(3,8mm) - 30 elements. The report will in-
clude only elements in calibration.
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THE USE OF QM CALCULATION FOR STRUCTURE REFINEMENT - COMPARISON
OF IAM AND HAR REFINEMENT RESULTS

M. Husak, S. Chalupna

University of Chemistry and Technology, Prague, Technicka 5, 166 28 Praha 6 — Dejvice
husakm@yvscht.cz

Introduction

The most often used method for crystal structure refine-
ment is based on Independent Atom Model (IAM). IAM
gives identical atomic scattering factors for the same ele-
ment under any situation ignoring the influence of the sur-
rounding atoms. In reality the atomic scattering factors
deepened on the actual electron shell configuration of the
atom in the given position and given valence state. The is-
sues with JAM can be handled by three methods: Multipole
Model, Transferable Aspherical Atom Model (TAAM) [1]
and Hirshfeld Atom Refinement (HAR) [2]. Multipole
Model requires high-quality data and additional refinement
parameters. TAAM model requires a precomputed data-
base of atomic scattering factors for the given element with
different surroundings. For TAAM the calculation can be
done correctly only, when the parameters of the element
under required configuration were already placed in the da-
tabase. The recently introduced HAR refinement as imple-
mented in Olex2 software [2] works with any sort of data
and does not depend on atom scattering factor database.
During HAR refinement the atomic scattering factors are
calculated by external quantum mechanic (QM) software
like e.g. Orca or Gaussian. The wave function generated by
the QM code is than re-calculated in format suitable for the
use for structure refinement. The QM code typically works
with the molecule as with an isolated model in vacuum by
the help of localized base. First test of combining the HAR
refinement with modelling of the whole periodic system by
plane waves and QM DFT calculation was already done as
well [3].

The HAR refinement gives primary very different re-
sults for hydrogen atom positions. The results are closer to
the hydrogen position obtained by neutron diffraction. The
reason is a difference between the hydrogen nuclei position
and the position of hydrogen related electron density maxi-
mum. From this reason we had chosen to test the HAR re-
finement futures on a salt-cocrystal continuum system for
which characterization and proper determination of hydro-
gen positions is essential.
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Figure 1. 2-chloro-5-nitrobenzoic acid—quinoline (1/1), (I)
AJIWIA |, 3-chloro-2-nitrobenzoic acid—quinoline (1/1), (II)
AJIWOG, 4-chloro-2-nitrobenzoic acid—quinoline (1/1), (III)
AJIWUM, and 5-chloro-nitrobenzoic acid—quinoline (1/1), (IV)
AJIXAT.

For the IAM/HAR results comparison we had chosen a
set of four quinoline isomeric compounds [4]. The studied
structures formula, chemical names and CSD deposition
codes are given in Fig. 1. For all these compounds a high-
quality low temperature (185 K) Mo Ka data were already
available. The system exhibits an interesting salt-cocrystal
dynamic hydrogen transfer worth to study.

Methods

The original data from the authors were re-interpreted by
the help of Olex2 software and HAR refinement by the
NoSpheraA2 module [2]. Tree different refinement setups
were used: 1) [AM with hydrogen atoms threaded isotropic
2) HAR with hydrogen atoms threaded isotropic 3) HAR
with hydrogen atoms threaded anisotropic (disordered one

Table 1. Comparison of R factors for different refinement methods.

Refinement setup I, AIIWIA II, AITIWOG | III, AJIWUM | IV, AJIXAT
IAM original authors, SHELXL97 0.033 0.037 0.037 0.035
IAM re-refinement in Olex2 0.032 0.037 0.037 0.035
HAR re-refinement in Olex2 0.016 0.024 0.025 0.024
HAR re-refinement in Olex2, H-anisotropic 0.016 0.022 0.024 0.023

© Krystalograficka spole¢nost



Materials Structure, vol. 29, no. 2 (2023)

127

Table 2. Comparison of the hydrogen atom occupancy (salt N site) : (cocrystal O site)

Refinement setup I, AIIWIA 11, AJIWOG L AIIWUM | IV, AJIXAT

IAM original authors, SHELXL97 0:1 0.39(3):0.61(3) | 0.47(3):0.53(3) | 0.65(3):0.35(3)
IAM re-refinement in Olex2 0.14(3):0.86(3) 0.25(3):0.753) | 0.26(3):0.74(3) | 0.61(3):0.39(3)
HAR re-refinement in Olex2 0.143(13):0.857(13) | 0.19(2):0.81(2) | 0.23(2):0.77(2) | 0.62(2):0.38(2)
HAR re-refinement in Olex2, H-anisotropic | 0.085(13):0.915(13) | 0.18(3):0.82(3) | 0.18(2):0.82(2) | 0.51(6):0.49(6)

isotropic). The 1) and 2) refinement setup make possible to
compare the R factor for situation with identical number of
refined parameters. The QM calculations were done in
Orca 5.0 software, cc-pVTZ base, PBE functional. To be
able to model a disordered H positions the QM code had
calculated for all structures models with hydrogen in both
salt and cocrystal position. The refinement handled the
structure as disordered between these two models. For all
refinements the O-H and N-H distances of disordered hy-
drogen were restrained to get convergence.

Results

The results are summarized in Tab. 1 and Tab. 2.

The uses of HAR refinement significantly decrease the
value of R factor. On the other hand, the uses of HAR re-
finement have only minor effect on the disordered hydro-
gen occupancy factor. For II and III a slight occupancy
decrease in NH position can be observed probably due to
including the nitrogen lone pair in the calculation. There is
no significant change in R factor nor in occupancy for the
refinement with hydrogen treated anisotropic in compari-
son to isotopic treatment.

The difference between IAM and HAR refinement and
IAM refinement is even more visible on Fig. 2. The IAM
refinement indicates hydrogen in 2 positions. The HAR re-
finement electron density map corresponds more close to
the Path Integral Molecular Dynamic (PIMD) simulation
results as calculated for similar situations [5]. The hydro-
gen is not exactly in 2 positions but instead creates a disor-
dered cloud of electrons between the oxygen and hydrogen
atoms.

1.  W.F. Sanjuan-Szklarz, et. al., [UCrJ, 3, (2016), 61.
2. F.Kleemiss, et. al., Chem. Sci.., 12, (2021), 1675.

3. P.N. Ruth, M. R. Herbst-Irmer, D. Stalke, /UCrJ, 9,
(2022), 286.

4. K. Gotoh, H. Ishida, Acta Cryst., C65, (2009), 0534.
5. J.R. Stocek, et.al,J. Am.Che,. Soc., 144, (2022), 711.

i o A i . /4

Figure 2. Difference electron density calculation for AJIWUM in
the O...H...N region. IAM refinement (upper) and HAR refine-
ment (H treated anisotropic) (lower).
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INVESTIGATION OF PHASES FROM SALT-COCRYSTAL CONTINUUM USING DFT

CALCULATIONS

S. Chalupna (maiden name Sajbanova), M. Husak

Department of Solid State Chemistry, University of Chemistry and Technology, Prague, Technicka 5, Praha

6, 166 28, Czech Republic
sajbanos@vscht.cz

Introduction

A broad range of solid forms available for pharmaceutical
molecules exists nowadays. Pharmaceutical salts are one of
the forms that can be used for formulation of active compo-
nents. About 50% of drugs used today are salts. Addition-
ally, cocrystals are rapidly evolving as another prominent
type of pharmaceutical form. [1,2] The difference between
salt and cocrystal is given only by the position of single hy-
drogen. As this difference is quite small, it is an essential
task to develop new techniques that can accurately identify
the precise location of the relevant hydrogen atom. We had
already developed and partially tested a computational
method for salt cocrystal differentiation based on DFT en-
ergy calculation. [1,3]

The DFT method optimizes an artificially constructed
wrong structure (hydrogen atom placed in salt position
near the potential acceptor for cocrystals and vice versa
cocrystal position with hydrogen atom placed near the po-
tential donor of the salts). The verification of the method
was done based on comparison of the results with an exper-
imentally confirmed correct hydrogen position on 95 struc-
tures. As the data source for testing of the DFT method we
used a Cambridge Structural Database (CSD) deposition
code list of structures from the zone (-1 < ApKa < 4), de-
fined in an article “Acid-base crystalline complexes and
the pKa rule”. [4]

In addition to the salt and cocrystal form, we had de-
tected presence of a form which can be described as
salt-cocrystal continuum. For such a form the hydrogen can
be found in two energetic minima (Fig. 1). The detection
and examination of these forms is crucial for ensuring com-
pliance with legal and regulatory standards.
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In addition, a quantum dynamic simulation was per-
formed to verify that the results of the DFT method corre-
spond to the room temperature state of the crystals.

Methods

The DFT method uses the newest version of Castep 22.11
software. The rSCAN functional in combination with
MBD dispersion correction and fine basis precision was
used. The data were prepared in BIOVIA Materials Studio
software. Computation was performed on Karolina super-
computer at TU Ostrava. The computational power re-
quired for calculation of 450 structures was approximately
3 000 core/hours on 128 core nodes.

In addition to simple geometry optimization, we had
performed Path Integral Molecular Dynamics (PIMD) sim-
ulation for one structure (CSD code AJIWUM). PIMD is a
computational simulation method that combines Molecular
Dynamics (MD) and description of Nuclear Quantum Ef-
fects (NQE). We have used quantum PIMD simulation be-
cause the energy was calculated by DFT method. The Path
Integral (PI) involves representing the motion of particles
as a path of imaginary time slices, which allows the inclu-
sion of NQE effects in MD. PIMD is particularly useful in
studying systems with strong NQE effects, such as hydro-
gen bonding or proton transfer. [5] The PIMD simulation
of the studied system was also performed in CASTEP.
NVT ensemble, temperature of 150 K, a Langevin thermo-
stat, a 0,5-fs integration time step and a planewave cut-off
energy of 571 eV were used. For energy calculation we had
used rSCAN functional with MBD dispersion correction
again. The path-integral propagation used a Trotter decom-
position of all nuclei into 16 beads, which has been shown

1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60

Salt

Bond length O-H [A]

Figure 1. Energy dependence on H atom position for the PUJNIS structure calculated by the PBE+TS functional [1]
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Table 1. Results of calculation on 418 structures from the zone
with (-1 < ApKa < 4) (RSCAN fine + MBD).

Pure cocrystal Pure salt Salt-cocrystal
continuum phase
312 16 90

Table 2. Results of calculation on 30 structures with experimen-
tally detected salt-cocrystal disordered hydrogen (RSCAN fine +
MBD) .

Confirmed
Pure cocrystal or

Pure salt salt-cocrystal con-
solvate .
tinuum phase
7 7 16

to be sufficient for simulations of molecular crystals at 300
K. [6]

Results

The results of structures from the zone (-1 < ApKa < 4) are
summarized in Tab.l. While testing our computational
method, we discovered 90 structures that exhibit the
above-mentioned two energetic minima. Further investiga-
tion of these structures is yet to be conducted.

An additional 30 structures with dual hydrogen posi-
tion were detected using the 3D search for disordered hy-
drogen position. In this study we had investigated both
salts, cocrystals and solvates. For these structures, the pres-
ence of a double hydrogen position had already been de-
tected by the original authors. We proceeded to perform
DFT calculations on these structures, using the settings
specified above. The results are summarized in Tab. 2.

As a sample of structure described incorrectly based on
experiment, we can mention structure with CSD deposition
code ILUCIB. It was identified by us as a pure solvate,
which differs from the classification given in the original
publication. This structure is composed of pyridinium (pKa
=5,23) and 3,3’ 4-tri-O-methylflavellagate (pKa = 6). [7]
That means that ApKa = pK,[base] — pK [acid] = -1, but
actual flavonoid salts are formed when ApKa is approxi-

0.08

0.06 /

mately 10. [7] Therefore, we believe that the structure is in-
correctly solved, and it cannot be a salt or salt-cocrystal
continuum phase. Other incorrect results will be evaluated
using the same approach.

For structure with CSD deposition code AJIWUM the
Path Integral Molecular Dynamic (PIMD) simulation was
performed. In Figure 2 we can see the probability distribu-
tion of the N—H (or N...H) distance in AJIWUM system.
Results of this simulation reveal that the hydrogen is not
precisely located in 2 positions but is delocalized between
the donor and the acceptor of the H-bond. Such situation
will be probably common for most structures from the
salt-cocrystal continuum area at room temperature.

1. Sajbanova, S. Validace metody rozliseni soli a kokrystalii
pomoci DFT vypoctu. diplomova prace, Vysoka skola
chemicko-technologicka v Praze, Cerven 2022.

2. Kratochvil, B. KOKRYSTALY A JEJICH OCEKAVANE
FARMACEUTICKE APLIKACE. Chem. Listy 2010, 104,
823-830.

3. Husak, M.; gajbanové, S.; Klimes, J.; Jegorov, A. The pos-
sibilities of salt-cocrystal distinguishing based on disper-
sion-corrected density functional theory calculations. Acta
Crystallographica Section B. 2022, 78, 5, 781 — 788.

4. Cruz-Cabeza, A. J. Acid-base crystalline complexes and
the pKa rule. CrystEngComm 2012, 14, 6362—6365.

5. R.P.Feynman and A. R. Hibbs, Quantum Mechanics and
Path Integrals (McGraw-Hill, New York, 1965).

6. Stodek JR, Socha O, Cisatova I, Slanina T, Dracinsky M.
Importance of Nuclear Quantum Effects for Molecular
Cocrystals with Short Hydrogen Bonds. J Am Chem Soc.
2022 Apr 27;144(16):7111-7116. doi:
10.1021/jacs.1¢10885. Epub 2022 Apr 8. PMID:
35394771.

7. Elisabet Fuguet, Clara Rifols, Meritxell Mané, Rebeca
Ruiz, Elisabeth Bosch, Acidity constants of hydroxyl
groups placed in several flavonoids: Two flavanones, two
flavones and five flavonols,Talanta,Volume
253,2023,124096,ISSN
0039-9140,https://doi.org/10.1016/j.talanta.2022.124096.
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Figure 2. Probability distribution of the N—H distances obtained from PIMD simulation of AJIWUM
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BENCHMARKING HIRSHFELD ATOM REFINEMENT - APPLICATION OF ECP
FOR RELATIVISTIC SYSTEMS

Y. R. Pateda

Comenius University in Bratislava, Faculty of Natural Sciences, Department of Inorganic Chemistry, Mlynska
dolina, llkovicova 6, 842 15 Bratislava, Slovak Republic

rao2@uniba.sk

Hirshfeld/Generalized Atom Refinement (HAR/GAR) [1]
allows to calculate individually tailored aspherical scatter-
ing factors (pseudoatoms) by using Olex? [2] and
NoSpherA?2 [3] software together with quantum chemical
packages like Orca [4] or Tonto [5]. However, the choice
of the electron density calculation method is usually expe-
rience based. With a high-quality data, using a large basis
set with the functionals from the top of the “Jacob’s Lad-
der” [6] can be meaningful. In [7] and [8], we did some
benchmarking of HAR methods using Orca version 4.2.1
and 5.0.3 with the NH4[Zn(cma)(H,0),]-H,O data suffer-
ing from suboptimal absorption correction. This work is
dedicated to the HAR refinement of relativistic systems by
ECP based methods using Orca 5.0.4.

As a starting point for HAR, the results of the IAM re-
finement of selected compounds using proper constraints
with X—H distances free to refine were used. The refine-
ments for all combinations of selected LDA (PWLDA),
GGA (BLYP, PBE), meta-GGA (TPSS, R2SCAN), hybrid
GGA (B3LYP, PBEO), hybrid meta-GGA (M06-2X) and
range separated hybrid (©wB97X) functionals with
ECP-def2-SVP — def2-TZVPP basis sets were performed
by Olex2 1.5 in combination with NoSpherA2 and Orca
5.0.3. For the comparison, calculations using all-electron
x2c-def2-TZVP basis set with R2ZSCAN functional with
ZORA approximation were also performed. The results
were compared with previous results in [8] and with the
values obtained from neutron diffraction [9].

Regarding the time of calculation, the functionals were
divided into two groups. LDA, GGA and meta-GGA
functionals were significantly faster than hybrids, with
meta-GGA hybrids and range separated hybrids being
slower than GGA hybrids.

Similarly to [8], if the data were influenced by strong
absorption effect, PWLDA is best all-round performer (ex-
cept of ECP-def2-TZVP/R2SCAN combination), followed
by R2SCAN and M06-2X and PBEO being on par, with the
best results using ECP-def2-TZVP basis set. Otherwise,
the results are better when using larger basis sets and the
best performer is PBEO functional followed by PBE and
®B97X or R2ZSCAN. Residuals (R, wR, S) were practically
identical for all refinement methods.

For individual bond types, there are often best perform-
ing basis set/functional combinations. Agreement between
obtained distances and neutron defaults was exceptionally

good for C—Csp’~H; and C,—H distances. Although there
is no reference for (Cy),~Nsp’—H (N pyramidal) distance
based on neutron data, but we found C,—N—H, (N pyrami-
dal) distance [9] being in a good agreement with refined
distance.

Non-empirical GGA and GGA hybrid functionals
(PBE, PBEOQ) outperformed empirical (BLYP, B3LYP)
GGA and GGA hybrids by a small margin. Using all-elec-
tron x2¢-TZVP/R2SCAN method using ZORA approxi-
mation didn’t led to significantly different results with
approximately the same calculation times.

1. M. L. Chodkiewicz, M. Woinska and K. Wozniak, IUCrJ,
7, (2020), 1199-1215.
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MOLECULAR SIMULATION OF INTERACTIONS BETWEEN
PALYGORSKITE AND TiO,

Miroslav Pospiéil1, Aristos Mavrikosz, Eleni Gianniz, Christina-Vasiliki Lazaratouz,
Milan PSenicka and Dimitrios Papoulis

"Charles University, Faculty of Mathematics and Physics, Ke Karlovu 3, Prague 2, 12116, Czechia
’Department of Geology, University of Patras, Rio, 26504 Patras, Greece
miroslav.pospisil@mff.cuni.cz

TiO, is very often used for photocatalytic applications be-
cause it is widely available, cheap and environmentally
friendly photocatalytic material. Nevertheless, the anatase
(preferred crystal structure) nanoparticles have tendency to
agglomerate and this process causes a significant decreas-
ing in catalysis efficiency. To avoid the agglomeration, we
used the fibrous clay minerals such as palygorskite to an-
chor TiO, particles among its fibres. This causes the
photocatalytic properties of small nanoparticles to be pre-
served and no agglomeration due to the strong mutual in-
teractions between TiO, and clay fibres.

Palygorskite—TiO, nanocomposites were prepared and
characterized by various experimental techniques (X-ray
diffraction, Fourier transform-infrared spectroscopy and
transmission electron microscopy) in Greece, while their
mutual interactions including probable spontaneous bond-
ing between clay and TiO, spheres were calculated by mo-
lecular simulation methods. Three different palygorskite
supercells were built with different type of surface with the
largest amount of oxygen atoms, see Figure 1, which were
subsequently calculated in various positions with the TiO,
spheres with suitable adjacent surfaces, see Figure 2.

A monoclinic palygorskite structure was used for the
calculations, the unit cell parameters of the crystal structure
were as follows: a=13.337A,b=17.879A, c=5.264 A, a
=B =90° and y = 105.270°, space group C2/m [2, 3]. An
optimized crystal structure of TiO,, in the form of anatase,

Supercell 2

[3
Y
Supercell 3

Supercell 1

Figure 1. The three supercells under different point of view.
Supercell P1: A=3,B=1,C=7 Supercell P2: A=3,B=3,C=1
Supercell P3: A=1,B=2and C=7[1].

was imported from Materials Studio database with the fol-
lowing cell parameters: a=3.776 A, b=3.776 A, c=9.486
A, o =B =v=90° and the space group number 141 and
type I41/amd. A supercell of anatase was created with the
following parameters: A =20 a, B=205b,C=10c.

Surface (101)

(X g L X Tofod T Q1 Jelod T L Jolod L X J X
LR A el Jed L Rl Jel B Jel Jel X JLef of 3L - =44
(X -F L 4 T=j=) X L Tofod J 1 Jelof X X J JXJ
LX R R Rl Jegd L J=f J=l J Rl Jef X J=f of of °f 2%
(X SR L 4 T efed R L Jeled T L Jelef L L N X

Surface (200)

Figure 2. The anatase (i) sphere part 1 and 101 and (ii) sphere part 2 and 2i the parts of anatase that were com-

bined with palygorskite surface [1].
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The simulations showed that optimal TiO,-palygorskite
connection takes place among the Ti atoms of the curved
TiO, part of sphere with the O atoms of the P1 surface of
palygorskite through strong electrostatic interactions and
the possible formation of covalent bonds due to the short
distance between the surfaces, see Table 1. Due to the simu-
lation, we can see the detailed curved part of anatase with Ti
atoms which closely interacting and nearly connected to the
O atoms on various surfaces of palygorskite [1].

1. A.Mavrikos, M. Pospisil, E. Gianni, C. V. Lazaratou, M.
Psenicka, D. Papoulis, Interactions among TiO, and
palygorskite revealed: Boost for stability of well-known
photocatalyst, Journal of Molecular Liquids, 343, (2021),
117678.

2. R. Giustetto, R., Chiari, G.: Eur. J. Mineral., 16, (2004),
521-532.
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Table 1. Three shortest Ti-O distances of the selected optimized
models [A].

Name Distance 1 Distance 2 | Distance 3
P11 2.748 2.909 3.143
P1101 2.123 2.185 2.198
P12 1.800 1.814 1.872
P12i 1.790 2.050 2.627

3. C. V. Lazaratou, D. Panagiotaras, G. Panagopoulos, M.
Pospisil, D. Papoulis, Environ. Technol. Innov., 19, (2020),
100961.
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Isotakticky polybuten-1 (iPB-1) je termoplasticky polymer
s vysokou krystalinitou a vynikajicimi fyzikalnimi
vlastnostmi, coz z n¢j déla idedlni materidl pro vyrobu
ruznych vyrobkd, jako jsou napfiklad trubky, obaly kabelt,
vodovodni potrubi a dalsi. Tyto pozoruhodné vlastnosti
jsou nepfizniveé ovlivnény pomalou pfeménou ptivodni faze
II na stabilni fazi I, ktera sice zlepSuje vlastnosti, ale zaro-
ven je spojena se smr§eovanim o 4 % v dusledku rozdilnych
hodnot hustoty obou fazi. Dale, jak se ukazuje, iPB-1
podléhéd prirozenému starnuti, coz muze ovlivnit jeho
fyzikalni a mechanické vlastnosti.

Studie dlouhodobého pfirozeného starnuti vzorkt
iPB-1 s riznou molekulovou hmotnosti ukazala, Ze rychlost
transformace z pocatecni faze II do stabilni faze I se
vyrazné snizovala s Casem starnuti trvajicim az 17 let.
Celkova krystalinita se s ¢asem starnuti také snizovala a
malé mnozstvi faze II zistdvalo nestabilni po dobu
minimalné 17 let. Vzorek s niz§i molekulovou hmotnosti
(DP 0400) vykazoval vyssi rychlost fazové transformace I1
na [ nez vzorek PB 0110, dokonce i po opakovaném taveni
polymeru a jeho nové krystalizaci.

Hlavnim fenoménem starnuti iPB-1 je pravdépodobné
zména poméru funkénich skupin methyl/methylen, ktera
muze byt zpusobena Stépenim vedlejsich fetézci. Tento
proces snizuje geometrickou pravidelnost molekulového
fetézce a zpomaluje postupujici fazovou transformaci Il na
1. Pfedpoklada se, ze separace vedlejSich fetézct také vede
k tvorbé skupin, které dale zpomaluji fazovou transformaci,
ale tyto skupiny mohou byt odstranény opakovanym
tavenim vzorku.

Tyto vysledky jsou diilezité pro prumyslové aplikace
iPB-1, protoze ukazuji, Ze ptirozené starnuti mize ovlivnit
jeho fyzikalni a mechanické vlastnosti.
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CRYSTAL STRUCTURE MODIFICATIONS IN ORGANIC CHARGE-TRANSFER SALT -
k-[(BEDT-TTF).x(BEDT-STF)x].Cu2(CN);
Petr Dolezal
Matematicko-fyzikalni fakulta UK, Ke Karlovu 5, 121 16 Praha 2

k-[(BEDT-TTF), x(BEDT-STF),],Cu,(CN); series are 2D
organic salts realizing a paradigmatic Mott-metal insulator
transition. The localization of conduction electrons is
driven by strong electronic correlations which can be tuned
by hydrostatic pressure or by substitution with BEDT-STF
cations as in the present study. The parent k-(BEDT-TTF),
Cu,(CN); compound remains without magnetic ordering
down to the lowest temperatures. To fully understand its
magnetic properties it is necessary to assess its crystal
structure in detail. The (BEDT-TTF) cations are separated
by the layers of Cuy(CN); anions within in the bc plane, see
figure below. If one looks on the cations along a crystallo-
graphic axis it is possible to see the triangular arrangement
of (BEDT-TTF), dimers, see panel (b) below. The triangu-
lar lattice is close to ideal, #/#” = 0.83, providing ideal condi-
tions for geometrical frustration [1]. Each dimer is carrying
one electron with spin S = 1/2. The interaction between
spins is antiferromagnetic [2]. These all are necessary con-
ditions for the formation of quantum spin liquid (QSL) sate
and also the reason why this compound was the prime QSL
candidate. The observation of 7*= 6 K anomaly in thermal
expansion brought the question about the proper ground

state, which seems to be rather a valence bond solid (VBS)
than QSL [3]. This leads to the more general question
whether geometrical frustration on its own can fully sup-
press antiferromagnetic order and whether the systems can
truly remain stable towards magneto-structural instabili-
ties, like VBS phases, down to absolute zero.

Our presented contribution is focused on low tempera-
ture X-ray diffraction study of a single crystalline sample
k-(BEDT-TTF),Cu,(CN);, showing pronounced anomaly
of lattice parameters around 7* = 6 K. The structural results
are supplemented by a microscopic study using nuclear
magnetic resonance (NMR).

This work was supported by the Czech Science Foundation
under Grant No. 23-068100.
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Figure 1. Crystal structure of k-(BEDT-TTF),Cu,(CN); 2D organic salt. a) View along b axis. b) The arrange-

ment of dimers within bc plane. Taken from [4].
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