FA4-MS35: Transformation in crystals: from polymorphism to solid-state reactivity

ray diffraction and Raman spectroscopy (simultaneous data
acquisition within a 20 seconds period) [1]. This setup
provides a contactless sample positioning and eliminates the
influence of solid container walls. In addition, it enables in
situ monitoring of solutions during evaporation of the solvent
(methanol, ethanol, acetone, dichloromethane, and
acetonitrile) over a concentration range of three orders of
magnitude. These real time measurements allow the
determination of the phase content from the onset of the first
crystalline molecular assemblies to the stable system. The
results indicate the existence of solvent dependent transient
phases during the crystallization process. The quality of the
data allowed the assignment of the lattice constants of the
hitherto unknown crystal structure of the B-polymorph. In the
final stage the fast evaporating solvents always led to the
formation of the a-polymorph. Using the slow evaporating
solvent dimethyl sulfoxide (DMSO), a novel pseudo-
polymorph was observed. Its crystallization process was
followed by means of light microscopy and ESEM coupled
with EDS analysis. The single-crystal X-ray structure of the
solvated species nifedipine - DMSO (1:1) is reported for the
first time [2]. With the results of the presented investigation, a
tool for studies on polymorphic transition mechanisms and the
influence of solvents on these processes is provided.
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Crystals of putrescinium bis(dichloroacetate), (C4H14N2)2+ :
2C,HCL,0O; undergo two reversible phase transitions between
100 and 295K. The first transition occurs about 140K, and the
second one around 249K. The low temperature structure (o-
phase) is best described in P2,/c space group. The transition to
12/a space group (B-phase) involves the doubling of one of the
unit-cell parameters. The second phase transition recovers the
initial P2,/c symmetry (o'-phase). Only in the low-temperature
a-phase the putrescinium dication is disordered across the
inversion center (in other phases it is ordered), while the
disorder of the anion occurs always for the temperatures close
to the phase transitions. It looks like the disordering of the
anion starts the sequence of changes which eventually cause
the change of the phase. The hydrogen bond networks are
similar, but some essential changes occur. Using graph-set
method, the hydrogen bond patterns are built from the same
motifs for a and o' phases, whereas for the [-phase these
“building blocks” are different, for instance the typical for
diaminium salts R%(8) ring occurs.
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Despite these differences, the layer structure is present in all
three phases. The additional calorimetric and dielectric data
were collected in order to help in the description of the process
of phase change. Also the Hirshfeld surfaces were used to
better visualize the changes.
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Earlier research on halide-bridged Cd(II) coordination
polymers with axial pyridine ligands indicated a phase
transition around 180 K for [Cd(p-Br)x(py)sl. [1]. It is
remarkable that this crystal-to-crystal transition seems to be
fully reversible. The room temperature structure has already
been determined [2] but the low temperature phase and the
transition itself still have to be analysed more precisely.

Task of the work is the concrete determination of the twinned
low temperature phase of [Cd(p-Br),(py).]. and the
specification of the phase transition. For the crystal structure
determination the group-subgroup relationship is of particular
interest. In connection with the phase transition the exact
transition point is going to be specified and its thermodynamic
conditions will be assayed. For these purposes single crystal
X-ray diffraction, powder diffraction and differential scanning
calorimetry will be used.

Another point of interest is the structure similarity of the low
temperature phase with chemically related complexes and the
effect of mixed crystals on the phase transition.
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Triammonium hydrogen disulfate (NH4);H(SO4), (TAHS) has
gained a continuous interest over a few decades. One of the
reasons is the great number of structural phase transitions [1]
and the other aspect is the superprotonic conductivity in the
high-temperature phase I [2,3]. Single crystals of TAHS were
grown from aqueous solution by slow evaporation. A sample
of 3x3x3 mm’ was used for the single crystal neutron
diffraction experiments. By heating up the sample we
observed the II-I phase transition from monoclinic to
rhombohedral and the high-temperature measurements were
carried out at 413(2) K. A complete dataset of Bragg reflection
intensities was collected up to (sin6/A)ma = 0.9 A" on the
four-circle diffractometer HEiDi at the FRM II in Garching
with a wavelength of L = 0.555A (Cu(420) monochromator).

The crystal structure of TAHS-I was refined using JANA2006
[4]. The characteristic feature of the structure of TAHS in the
monoclinic room-temperature phase is the strong hydrogen
bonding between two SOs-tetrahedra forming isolated
(SO4)H(SO,)-dimers. The hydrogen atom in the middle of the
(SO4)H(SO,)-dimer is dynamically disordered according to
the central inversion symmetry -1. Using a split-atom model
the O1-H1 and O1-O1 distances are 0.99(1) A and 2.549(7) A,
respectively [5]. The crystal structure of TAHS-I is
rhombohedral, space group R-3m with lattice parameters a =
5.907(3) A, ¢ =22.57(1) A. One of the distinctive features of
TAHS-I is the disorder of the O-atom building the top of the
SOg-tetrahedron [6]. Instead of lying on a three fold axis, it
takes a more general position and is splitted in three
equivalent positions. Each of these splitted O-atoms is
involved in the hydrogen bond and together they build a
hydrogen bond network, which allows a pathway for the
superprotonic conductivity [7]. Corresponding to the model in
the room-temperature phase we also treated the hydrogen
atom involved in the hydrogen bond with a split-atom model.
As a result we found an O1-H1 distance of 0.94(2) A and an
01-01 distance of 2.650(5) A. A possible contribution of the
NHy-groups to the superprotonic conductivity was also
supposed with the crystal structure analysis.
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