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Structural studies and hirshfeld surface analysis of tempo
radical derivates. [Ethyl-4-methyl-6-(4-nitro-phenyl)-1,4-
dihydro-2h-[1,2,4,5]|tetrazin-3-one
radical]

Agata Wrébel, Katarzyna Polak, Damian Trzybinski, Elzbieta Megiel and
Krzysztof

Department of Chemistry, Biological and Chemical Research Centre, Laboratory of
Crystallochemistry, University of Warsaw, Poland

The radical compound family commonly known as TEMPO represents a very inter-
esting target for structural analysis. Due to their particular stability and magnetic
properties, these compounds exhibit multiple applications in different fields, such as
organic synthesis, medical chemistry, biochemistry, crystal engineering, and indus-

trial catalysis [1-3].

In this report we present the crystal
structure of a novel TEMPO deriva-
tive:  2-Ethyl-4-methyl-6-(4-nitro-phenyl)-
1,4-dihydro-2H-[1,2,4,5]tetrazin-3-one radi-
cal (Fig. 1). The investigated system
crystallizes in the orthorhombic P2,2,2;
space group, with the unit cell param-
eters:  a=3.90207(8), b=14.9047(4) and
c=18.8796(4)A. The analysis of its crys-
tal packing revealed occurrence of particu-
larly interesting m-stacking interactions, in
which significant overlapping of adjoining
ring-plane areas is observed. In order to
gain deeper insight on those interactions and
to disclose other intermolecular contacts, a
complementary analysis of Hirshfeld surface
for investigated system was performed.

[1] Iwasaki, F., Yoshikawa, J. H., Yamamoto, H.,

Kan-nari, E., Takada, K., Yasui, M., Ishida, T. &
Nogami, T. (1999). Acta Cryst. B55, 231-245.

Fig. 1. Asymmetric unit of the crys-
tal lattice of investigated TEMPO radical
derivative with crystallographic atom num-
bering. Displacement ellipsoids are drawn at
the 50% probability level and the H-atoms
are shown as small spheres of arbitrary ra-
dius.

[2] Spirk, Stefan & Belaj, Ferdinand & Madl, Tobias & Pietschnig, Rudolf. (2010). A Radi-
cal Approach to Hydroxylaminotrichlorosilanes: Synthesis, Reactivity, and Crystal Structure of
TEMPOSICI3 (TEMPO = 2,2,6,6TetramethylpiperidineN oxyl). European Journal of Inorganic

Chemistry. 2010. 289 - 297. 10.1002/ejic.200900969.

[3] Berliner, L. J. (1970). Acta Cryst. B26, 1198-1202.
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Revealing the source of color in the crystals of violuric acid
with amino acids

Agnieszka Rydz, Marlena Gryl, Anna Krawczuk and Katarzyna M. Stadnicka

Faculty of Chemistry, Jagiellonian University, Gronostajowa 2, 30-387 Krakéw, Poland

Nowadays, chromic phenomena attract a lot of attention since the colored materials
find enormous applications in modern technologies, e.g. thermal printing, opti-
cal data storage or biosensor development.[1] Several chromic effects, such as ter-
mochromism, piezochromism or crystallochromism, can be observed in crystalline
phases.

Crystallochromy phenomenon is often related to the presence of 7 - - - interactions
between molecules in a single-component crystal.[2] The source of color in materials
which consist of more than one building block are even more complicated in nature
and cannot be described only in terms of 7 - - - 7 interactions. Other factors such as
changes in molecular structure of building blocks related to the presence of second
component can also influence color in crystalline state. Violuric acid (VA) is an
organic building block which is known to form colored salts with alkali metals.[3]
Recently, we have shown that combination of VA with tyramine results in forma-
tion of red and violet crystals (pseudopolymorphs) in which 7 - - - 7 interactions are
absent.[4] Those results focused our attention on other chromic phenomena in crys-
tals containing violuric acid. The purpose is to examine the source of color in the
presence and absence of 7 --- 7 interactions. Promising class of compounds for our
study proved to be amino acids due to the possibility to obtain co-crystals as well
as salts. Moreover, due to variety of interactions formed by amino acids we can
investigate color changes analyzing possible 7 - - - 7 interactions as well as hydrogen
bonds.

Here we present a series of crystal structures of violuric acid and amino acids. The
color phenomenon for those materials is studied using experimental and theoretical
methods including X-Ray diffraction, UV-Vis spectroscopy, Hirshfeld surface analy-
sis/Fingerprint plots[5,6] and Non-Covalent Interaction index[7]. This study enables
us to correlate crystal packing features with absorption properties of obtained crys-
talline phases.

[1] Bamfield, P., Hutchings, M. G. Chromic Phenomena: Technological Applications of Colour
Chemistry: Edition 3, 2018, The Royal Society of Chemistry.

[2] Klebe, G., Graser, F., Hdicke, E. & Berndt, J. (1989). Acta Cryst. B45, 69- 77.

[3] Dass, I. N. D. & Dutt, S. (1938). Proc. Indian Acad. Sci. A, Vol. 8, pl. 5, 145- 159.

[4] Gryl, M., Rydz, A., Wojnarska, J., Krawczuk, A., Kozie, M., Seidler, T., Ostrowska, K., Marzec,
M. & Stadnicka, K. M. (2019). IUCtJ, 6, 2.

[5] Spackman, M. A. & Jayatilaka, D. (2009). CrystEngComm, 11, 1932.

[6] Spackman, M. A. & McKinnon, J. J. (2002). CrystEngCommm, 4, 378392.

[7] Contreras-Garci, J., Johnson, E. R., Keinan, S., Chaudret, R., Piquemal, J.- P., Beratan, D.
N. & Yang, W.( 2011). J. Chem. Theory Comput. 7, 625-632.




Analyzing residual bond density in organic molecules with
simplified virtual scattering centers

Alexander Y. Nazarenko
SUNY College at Buffalo, 1300 Elmwood Ave, Buffalo, NY 14222, USA

Here we address a gray area of good quality datasets with 0.5-0.8 A resolution,
which show visible deviation from TAM but are not satisfactory for experimen-
tal charge density calculations. We employ SHELXL-201X. The methodology fol-
lows (see [1-4] and numerous references therein; historically the first one [5]) vir-
tual atom method. Virtual scattering centers (VSC) are placed at fixed calcu-
lated positions between C, N, & O atoms with occupancies being different for sin-
gle, double, aromatic, and triple bonds. Scattering is approximated by a single
Gaussian which can be justified by a small value of correction. VSCs are treated
as isotropic: multiplication of scattering Gaussian by Debye-Waller factor yields
one Gaussian function to describe both effects (no deconvolution of vibrations and
charge density). Alternatively, each bond can be treated separately (number of
additional parameters is roughly equal to the number of bonds). An attempt was
made to handle S-C, S-O, & C-H bonds and lone pairs. A number of organic and
element-organic molecules were tested. Some examples: Biphenyl, resolution 0.57 A:
IAM R=5.9, VSC 3.6; HARt[6] 3.4. Diphenylacetylene, 0.58A: TAM: R=4.8, VSC:
R=2.6. Dimethyl-3,4,5,6- tetraphenylcyclohexa-3,5-diene-1,2-dicarboxylate, 0.80A:
TAM: R=3.5, S=1.04; VSC 2.6 and 1.03. Ylide, 0.48A: TAM R=2.7, VSC 1.8, HARS
2.0. Uncertainties of bond distances are also lower. After removing residual bond
density from the Fourier difference map, other sources of deviation such as disorder
and experimental and data processing errors can be addressed. The same proce-
dure was additionally tested at high quality benchmark data sets, for which charge
density distributions were experimentally obtained [6,7]: Rubrene, 0.47A: IAM: 4.2,
VSC 2.7, HARt 2.6, XD 2.45; 1,1-diethyl-2,2- bis(pentafluorophenyl)-4-phenyl-1,2-
azoniaboretidin-2-ate, 0.47A: IAM: 3.0, VSC 2.2, HARt 2.1. Thus benchmark data
show similar behavior as the routine quality examples.

[1] C. Scheringer & A. Kutoglu Acta Cryst. (1983). A39, 899-901

[2] Afonine, P. V., Grosse-Kunstleve, R. W.,; Adams, P. D., Lunin, V. Y. & Urzhumtsev, A. Acta
Cryst. (2007) D63, 11941197.

[3] N. Dadda, A. Nassour, B. Guillot, N. Benali-Cherif & C. Jelsch Acta Cryst. (2012). AG68,
452463

[4] M. Ahmed, A. Nassour, S. Noureen, C. Lecomte & C. Jelsch Acta Cryst. (2016). B72, 7586
[5] R. E. Franklin. Nature (1950). 165, 71-72

[6] M. Fugel, D. Jayatilaka, E. Hupf, J. Overgaard, V. R. Hathwar, P. Macchi, M. J. Turner, J. A.
K. Howard, O. V. Dolomanov, H. Puschmann, B. B. Iversen, H.- B. Brgi & S. Grabowsky. IUCrJ

(2018). 5, 3244
[7] L. Krause, B. Nieptter, C. J. Schrmann, D. Stalke & R. Herbst-Irmer TUCrJ (2017) 4, 420-430
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Crystal packing control of a trifluoromethyl-substituted
furan-phenylene cooligomers

Alina A. Sonina®”, I. P. Koskin “*, P. S. Sherin ®¢, T. V. Rybalova ** 1. K.
Shundrina *°, E. A. Mostovich °, and M. S. Kazantsev “*
@ N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry, Lavrentiev Ave 9,
Novosibirsk, 630090, Russian Federation,
b Novosibirsk State University, Pirogova 2, Novosibirsk, 630090, Russian Federation, and
¢ International Tomography Center SB RAS, Institutskaya 3A, Novosibirsk, 630090,
Russian Federation.

Materials combining high luminescence efficiency and efficient charge transport are
in strong demand in organic optoelectronics [1]. Furan/phenylene co- oligomer sin-
gle crystals are considered as future materials for organic optoelectronics. Here, the
effects of trifluoromethyl substituents on the crystallization, structure and optical
properties of furan/phenylene co-oligomer 1,4-bis{5-[4-(trifluoromethyl)phenyl|furan-
2-yl}benzene (CF3-BPFEFB) are studied systematically (Fig. 1) [2]. Crystallization
by different methods leads to appear of polymorphs with different crystal packing
notably differing by tilt angle relative to basal crystal plane. All obtained crystals
exhibit high photoluminescence efficiency and have optical properties which strongly
depend on the crystal packing. Variable-temperature X-ray powder diffraction anal-
ysis shows the thermal transition of two forms into a third one.

The introduction of terminal substituents coupled with crystallization by different
methods allows a fine tuning of crystal packing being a powerful approach for the
morphology and optoelectronic properties control.

Acknowledgements. Authors acknowledge the Ministry of Education and Science of
Russian Federation (grant number 4.7154.2017/8.9) and Novosibirsk State Univer-
sity program 5-100.
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Figure 1. Chemical and crystal structures of polymorphic forms of CF3-BPFB. Top crystal-
lization methods, bottom photoluminescence quantum yields of forms (PL QY) and solid phase
transition of forms I and II into form III.

[1] J. Gierschner, S. Varghese and S.Y. Park. Adv. Optical. Mater. 2016, 348-364.
[2] A.A. Sonina et all. Acta Cryst. B74. 2018.




Contact- and metal-free silyl anions

Andreas Hermann, Pedro Braun-Streb and Carsten Strohmann
TU Dortmund, Otto-Hahn-Str. 6, 44227 Dortmund, Germany

Metal-free carbanionic centers were at first synthesized by W. Schlenk in 1916
through a simple salt metathesis of a sodium triphenylmethanide and tetramethy-
lammonium chloride.[1] Since than the scope of metal-free and contact-free carban-
ions was widely extended through the usage of strongly coordinating ligands like
crown ethers or highly stabilizing groups near the carbanion.[2,3,4] By using these
known techniques in combination with silyl anions it is possible to examine the
decreasing influence of the cation on the electronic structure of the anionic center
through the reduction of the cation- anion-interaction and thereby learning more
about silicon metal bond.[5]

I:I--\D .I:;If :.-‘I I:"_?l @
1‘""@;:{;‘5 iz NR,
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s T e
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Figure 1: Decreasing interaction from a coordinated to a metal-free silyl anion

S. Harder, Chem. Eur. J. 2002, 8, 32293232.
M.M. Olmstead, P.P. Power, j. Am. Chem. Soc. 1985, 107, 21742175.
N. Deora, P.R. Carlier, J. Org. Chem. 2010, 75, 10611069.

1]
2]
(3]
[4] H. Ott, C. Dschlein, D. Leusser, D. Schildbach, T. Seibel, D. Stalke, C. Strohmann, J. Am.
Chem. Soc. 2008, 130, 1190111911.

[5] P. Braun-Streb, Dissertation, TU Dortmund, 2018.
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X-ray / XUV superfluorescence and stimulated x-ray
emission spectroscopy: correlation function theory and first
experiments

Andrei Benediktovitch®, L. Mercadier®, T. Kroll® and N. Rohringer®¢

¢ CFEL, DESY, Hamburg, Germany
b European XFEL GmbH, Schenefeld, Germany
¢ SLAC, Menlo park, California, USA
4 Department of Physics, Universitit Hamburg, Hamburg, Germany

The irradiation of a medium by short intense X-ray or XUV FEL pulses can result
in population inversion. Spontaneous emission from one atom in such medium can
stimulate emission from other atoms. This self-amplified process can lead to short
and intense radiation emission, the process is known as superfluorescence [1]. To
describe this process one needs quantum mechanical treatment of both the electro-
magnetic field and the atomic system, however, due to large number of interacting
atoms an exact solution is not possible. In the current contribution within the scope
of a few approximations (two level model for resonant atomic transition, 1D model
of field propagation, factorization of triple operator products) we formulate a sys-
tem of integro-differential equations for field and matter correlation functions [2].
The obtained system of equations was used to model the superfluorescence taking
place in the Xe gas irradiated by FLASH. As a function of emission yield, we show
an increase of the emission linewidth, that taking into account for the instrumental
resolution, corresponds to results of our theoretical modeling.

An important application of the derived formalism is stimulated x-ray emission emis-
sion spectroscopy. It was experimentally shown that the chemical shift is present
for stimulated emission signal for Mn K-alphal line in the MnCl; and NaMnOy
solutions [3]. The measured stimulated emission signal was 6 orders of magnitude
stronger than the spontaneous emission. However, at high intensities close to sat-
uration nonlinear effects start to play role. This results in change of peak position
and peak width. Hence, theory becomes an essential ingredient in interpreting the
measured spectra. Here we will discuss possible explanations of the observed modi-
fications of the spectrum and will outline how to modify the introduced correlation
function formalism to describe such kind of effects.

[1] M. Gross, S. Haroche, Physics Reports 93, 301-396 (1982)

[2] A. Benediktovitch, V.P. Majety, N. Rohringer, Phys. Rev. A 99, 013839 (2019)
[3] T. Kroll et al., Phys. Rev. Lett. 120, 133203 (2018)




Hypercoordination and Hypervalency: inseparable
companions?

Arta Safari, Malte Fugel and Simon Grabowsky

University of Bremen, Department of Chemistry

In most textbooks, the terms hypercoordination and hypervalency are used synony-
mously, the prime example being SFg. But is this really correct, or do the two terms
describe different aspects of chemical bonding?

In this work, we investigate hypercoordinated species
for their hypervalent character, taking as an exam-
ple the aforementioned sulfur hexafluoride [1] and
structural analogues like RSF5 (R = aryl, alkyl)
2] and SHg [3]. Combining a variety of state-of-
the-art computational bonding analysis techniques
like quantum theory of atoms in molecules, electron
localizability indicator, natural bond orbitals, and
energy decomposition analysis with each other, we
reconcile the delocalized Rundle-Pimentel w-3c4e-
bond-molecular-orbital [4,5] approach with a local-
ized bonding orbital perspective in the framework of
ELI-D of SFg at an isovalue Lewis structures. We will further show how such a
of 1.4. One can clearly see complementary bonding analysis can be carried out
the lonepairs on the fluorine based on data from high-resolution X-ray diffraction
ligands, as well as the disy- experiments.
naptic basins which indicate The analysis has shown that apart from w-3c4e-bond
covalent bonding character.  stabilization of opposite substituents, electrostatic
contributions depicted through resonance as well as
steric aspects of the adjacent substituents play a major role in the stabilization of
these compounds.
By using this new joint approach of quantum mechanics and crystallography [6],
referred to as quantum crystallography, this study deepens our understanding of the
chemical bond for hypercoordinated compounds.
In the future, we plan to apply it to central atoms other than sulfur.

[1] P. Jeffrey Hay. Generalized valence bond studies of the electronic structure of sulfur diflu-
oride, sulfur tetrafluoride, and sulfur hexafluoride. Journal of the American Chemical Society,
99(4):1003-1012, feb 1977.

[2] Maksym V. Ponomarenko, Simon Grabowsky, Rumpa Pal, Gerd-Volker Roschenthaler, and
Andrey A. Fokin. SF5-enolates in Ti(IV)-mediated aldol reactions. The Journal of Organic Chem-
istry, 81(15):6783-6791, jul 2016.

[3] Gretchen M. Schwenzer and Henry F. III Schaefer. Hypervalent molecules sulfurane (SHy4) and
persulfurane (SHg). Journal of the American Chemical Society, 97(6):1393-1397, mar 1975.

[4] R. E. Rundle. Electron deficient compounds. Journal of the American Chemical Society,
69(6):1327-1331, jun 1947.

[5] George C. Pimentel. The bonding of trihalide and bifluoride ions by the molecular orbital
method. The Journal of Chemical Physics, 19(4):446-448, apr 1951.

[6] Francesca Rita Novara, Alessandro Genoni, and Simon Grabowsky. What is quantum crystal-
lography? ChemViews, 2018.
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Catalysis by pure graphene - from supporting actor ro
protagonist through n-7 interactions

Asja A. Kroeger and Amir Karton

School of Molecular Sciences, The University of Western Australia

Graphene, a honeycomb lattice consisting purely of carbon, has been extensively
studied for its numerous exceptional properties.[1] While its ability to non-covalently
bind ground state molecules has been well studied and led to applications in sensors
and extraction devices,[2]| this principle remains surprisingly unexplored for tran-
sition structures. Given the current interest in metal-free catalysis,[3] expanding
the application of this concept to transition structures has the potential to open
up opportunities for applications of graphene as a catalyst. Herein, we explore the
possibility to lower the activation energy of a chemical process purely through sta-
bilizing 7-7 interactions between transition structure and graphene on the simple
example of binaphthyl racemizations. We demonstrate a significant collective cat-
alytic potential of multiple 7-7 interactions and show up transition structure shape
complementarity with a carbon nanomaterial as a potential alternative strategy to-
wards reducing reaction barriers heights.
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Figure 1: The chiral phosphoric acid catalysed aldehyde addition to hydroxyben-
zhydryl alcohol derived ortho-quinone methides and its possible mechanisms

[1] M. J. Allen, V. C. Tung, R. B. Kaner, Chem. Rev. 2010, 110, 132.
[2] F. Perreault, A. Fonseca de Faria, M. Elimelech, Chem. Soc. Rev. 2015, 44, 5861.




TAAM refinements with electron diffraction data

Barbara Gruza, Michat Chodkiewicz, Joanna Krzeszczakowska and Paulina Maria
Dominiak

Biological and Chemical. Research Centre, Department of Chemistry, University of
Warsaw, ul. Zwirki i Wigury 101, 02-089, Warszawa, Poland

Electron diffraction (ED) is based on scattering of elec-
7 tron beam on electrostatic potential. This recently fast
..‘ advancing method allows to obtain crystal structures of
b ‘ nanocrystals at atomic resolutions, for both small and
macro- molecules [1-2]. However, for this purpose, it

Figure 1: Fourier maps com- . . . .
is necessary to use scattering factors model which will

puted from electron theoret- : ]

ical structure factors of car- D€ refined against measured data. Different models, al-
bamazepine crystal with res- ready known for x-ray diffraction, can be implemented
olution of sintd/A = 1.3 A=!: for ED. It should be investigated which of them give the
a) Fobs, contour level 0.46 | gt regults at reasonable cost. In this study, we present

-1 _ . .
;éT A Az\d)lgc[(g;(trgtr i )Vef(f;’_ comparison of refinements of IAM and TAAM (Transfer-

0.045 eA~1=30[AV(r)], red able Aspherical Atom Model) with parameters of multi-
negative, green positive. polar model with Hansen-Coppens formalism taken from
UBDBJ3-5]. For both models are used electron scattering factors implemented
in DiSCaMB library[6] and interfaced with Olex2[7]. Refinements are performed
against experimental electron structure factors|5] and theoretical electron structure
factors computed in Crystall4[8-9]. Results (Figure 1.) show the actual possibilities
and limitations of the method and theoretical possibilities in the future. We dis-
cuss e.g. improvement of anisotropic displacement parameters and hydrogen atoms
positions obtained from refinements of TAAM instead of TAM.

Support of this work by the National Centre of Science (Poland) through grant
OPUS No.UMO-2017/27/B/ST4/02721 is gratefully acknowledged.

[1] M.T.B. Clabbers, E. van Genderen, W. Wan, E.L. Wiegers, T. Gruene, and J.P. Abrahamsa.
Acta Crystallogr D Struct Biol. (2017). 73, 738748.

[2] C.G. Jones, M.W. Martynowycz, J. Hattne, T.J. Fulton, B.M. Stoltz, J.A. Rodriguez, H.M.
Nelson, and T. Gonen. ACS Cent. Sci. (2018). 4(11), 1587-1592
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(2009). 42, 339-341.

[8] R. Dovesi, R. Orlando, A. Erba, C. M. Zicovich-Wilson, B. Civalleri, S. Casassa, L. Maschio,
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NNS-Ruthenium complexes for the hydrogenation of
a,f-unsaturated esters to allylic alcohols

Bernhard M. Stadler, Pim Puylaert, Justus Diekamp, Richard van Heck, Yuting
Fan, Anke Spannenberg, Sandra Hinze and Johannes G. de Vries

Leibniz Institut fiir Katalyse e.V., Rostock, Germany

The interest in the hydrogenation of carboxylic esters employing homogeneous cat-
alysts has grown vastly in the past decade. Most of the reported catalysts are
sophisticated ruthenium based pincer complexes, which hydrogenate a broad range
of substrates.[1] However, the selective hydrogenation of «,f-unsaturated esters to
the corresponding allylic alcohols remains a major challenge in this field. Only
few examples are known and mostly fully saturated alcohols are obtained as major
product.[2] To the best of our knowledge, only two complexes exist which enable
this transformation with some selectivity towards the unsaturated alcohol utilizing
methyl cinnamate as substrate.[3] Here, we report on the development of a versatile
NNS ruthenium pincer complex which delivered unprecedented selectivity in the hy-
drogenation of various «a,- unsaturated esters under mild conditions.[4] Moreover,
we observed indications that the selectivity can be switched simply by changing the
solvent and the properties of the ligand, respectively.

H-H
OH % H o
; s A< Toluene = MeOH
: H Yol -
{—  — T o
Cl o Cl
H H Tunable selectivity H /|<
N |57 N[
Ril ® High activity (TON = 2000) Ra
SN \F'F'h3 SN | \PPh:
| P E Cheap ligand, straightforward |  a
ligand synthesis

Figure 1: Hydrogenation of methyl cinnamate to the corresponding allylic alcohol
or saturated ester

[1] a) H. A. Younus, W. Su, N. Ahmad, S. Chen, F. Verpoort, Advanced Synthesis & Catalysis
2015, 357, 283-330; b) S. Werkmeister, J. Neumann, K. Junge, M. Beller, Chemistry 2015, 21,
12226-12250.

[2] a) K. Junge, B. Wendt, F. A. Westerhaus, A. Spannenberg, H. Jiao, M. Beller, Chemistry
2012, 18, 9011-9018; b) F. Wang, X. Tan, H. Lv, X. Zhang, Chemistry, an Asian journal 2016, 11,
2103-2106.

[3] a) L. A. Saudan, C. M. Saudan, C. Debieux, P. Wyss, Angewandte Chemie 2007, 46, 7473-7476;
b) G. A. Filonenko, M. J. Aguila, E. N. Schulpen, R. van Putten, J. Wiecko, C. Muller, L. Lefort,
E. J. Hensen, E. A. Pidko, Journal of the American Chemical Society 2015, 137, 7620-7623.

[4] B. M. Stadler, P. Puylaert, J. Diekamp, R. van Heck, Y. Fan, A. Spannenberg, S. Hinze, J. G.
de Vries, Advanced Synthesis & Catalysis 2018, 360, 1151-1158.
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Electron densities of organic molecular crystals from
powder X-ray diffraction

Bjarke Svane and Bo Brummerstedt Iversen
Dept. Chemistry, Aarhus University, Aarhus, Denmark

Detailed knowledge of the nature of the chemical bonding is a prerequisite for under-
standing the physical and chemical properties of materials. This information is best
available in the electron density (ED). Virtually all experimental ED distributions
are determined from structure factors extracted from single crystal X-ray diffrac-
tion, since this has been regarded the optimal way to obtain data of the highest
quality. However, our recent work has shown that data obtained from powder X-ray
diffraction (PXRD) can exceed the data quality from single crystal diffraction [1-4].
At the same time PXRD is experimentally less demanding and time-consuming [5].
Current work shows that it is possible to obtain good descriptions of ED distributions
and atomic displacement parameters (ADPs) of molecular materials from highly
accurate PXRD data based on multipolar modelling. This critically depends on both
the raw data quality but also on robust data reduction and treatment routines. As
both sample requirements and systematic errors are different for powders compared
to single crystals, PXRD provides a valuable and fast alternative to conventional
single crystal electron density determination.

Figure 1: Deformation density of Urea based on powder X-ray Diffraction mea-
surements

[1] N. Bindzus et al. (2014), Acta Cryst. A70, 39-48.

[2] T. Straasg et al. (2014), J. Synchrotron Rad., 21, 119-126.

3] N. Wahlberg et al. (2015), J. Phys. Chem. C, 119, 6164-6173.
[4] K. Tolborg et al. (2017), Acta Cryst. B73, 521-530.

[5] M. R. V. Jorgensen et al. (2014), IUCrJ, 1, 267280
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Towards a Better Understanding of the Reactivity of
Sulfur-based Electrophilic Group Transfer Reagents

Christopher Golz and Manuel Alcarazo

Georg-August University, Tammannstrae 2, 37077 Gttingen

Electrophilic transfer reagents are an important tool for modern synthetic chemists.
They allow the umpolung of typical nucleophiles, such as an alkynylor cyano, and
their introduction into the desired substrate at an advanced stage of its synthe-
sis. Current transfer-reagents are either based on platforms containing hypervalent
iodine[1] or sulfur[2]. The problem that arises with the transfer of alkynyl- and
cyano groups is that their reactivity is often not predictable. In alkynyldibenzoth-
iophenium A for example, nucleophilic attack at the alpha- or beta-positions are
observed in some cases, in other the attack takes place at the sulfur.[2¢] Although
those reagents were subject to many experimental and computational studies, so far
no model to predict their reactivity was found. We now aim to perform more de-
tailed analyses of solid state structures of the transfer reagents, seeking to enhance
our understanding and thus, their synthetic potential. For that purpose, struc-
turally relative sulfurreagents were studied to identify the key correlations between
structure and reactivity.

O—I—R R @
@ X

s

R = Cyano, alkynyl

O '/f\/ NU Nucleophilic

s———R attack on a-, B-,

® or sulfur-
O A position? o
Reactivity

Figure 1: Analysis of high resolution x-ray data should shed some light on the
reactivity of electrophilic transfer reagents.

[1] a) V. V. Zhdankin, C. J. Kuehl, A. P. Krasutsky, J. T. Bolz, A. J. Simonsen, J. Org. Chem.
1996, 61, 65476551; b) R. Frei, M. D. Wodrich, D. P. Hari, P. A. Borin, C. Chauvier, J. Waser,
J. Am. Chem. Soc. 2014, 136, 1656316573; c) R. Frei, J. Waser, J. Am. Chem. Soc. 2013, 135,
96209623; d) D. Fernndez-Gonzlez, J. P. Brand, R. Mondire, J. Waser, Adv. Synth. Catal. 2013,
355, 16311639.

[2] a) A. G. Barrado, A. Zieliski, R. Goddard, M. Alcarazo, Angew. Chem. Int. Ed. 2017, 56,
1340113405; b) G. Talavera, J. Pea, M. Alcarazo, J. Am. Chem. Soc. 2015, 137, 87048707; c) B.
Waldecker, F. Kraft, C. Golz, M. Alcarazo, Chem. Int. Ed. 2018, 57, 12538-12542; d) X. Li, C.
Golz, M. Alcarazo, manuscript in preparation.
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Silanes with polyfluorinated m-terphenyl substituents

Corina Stoian

Babe-Bolyai University, Faculty of Chemistry and Chemical Engineering, Department of
Chemistry, Center of Supramolecular Organic and Organometallic Chemistry, 11 Arany
Janos, 400028 Cluj-Napoca, Romania

Silylium ions, the silicon analogs of carbenium ions, are extremely strong Lewis
acids due to the six valence electrons at the silicon atom. Because of their high elec-
trophilicity and reactivity, these three-coordinated silicon cations are more difficult
to stabilize and isolate than their carbenium analogs.[1,2] It was observed that the
m-terphenyl backbone has stabilizing effects through intramolecular interactions be-
tween silicon atom and flanking aromatic rings.[1] Besides the 7 stabilizing effects,
lone-pair halogen coordination and solvent adducts formation appear to be efficient
in silylium ions stabilization.[3] Recently it was shown that these species are promis-
ing reagents in catalyzed C—F activation or C—C bond formation reactions, hydrosi-
lylation reactions and homogeneous catalysis, including polymerization reactions. [4-
6] The synthesis and spectroscopic characterization of polyfluorinated silanes 2,6-
(47—D—BUCGF4)QCGngi(H)MGQ (1) and 2,6—(4’—H—Bu06F4)2*4—M606H281(H)M62 (2)
is reported. Both compounds were obtained in a one-pot reaction, via reaction of
the in situ generated organolithium derivative with Me,Si(H)Cl. The molecular
structure of 2 was determined by single-crystal X-ray diffraction (Figure 1).

Figure 1: Molecular structure of 2.

[1] P. Romanato, S. Duttwyler, A. Linden, K. K. Baldridge, J. S. Siegel, J. Am. Chem. Soc. 2010,
132, 7828.

[2] P. Romanato, S. Duttwyler, A. Linden, K. K. Baldridge, J. S. Siegel, J. Phys. Org. Chem.
2014, 27, 277.

[3]P. Romanato ; S. Duttwyler; A. Linden; K. Baldridge; J. S. Siegel J. Am. Chem. Soc. 2011,
133, 11844.

[4] H. F. T. Klare, M. Oestreich, Dalton Trans. 2010, 39, 9176.

[5] H. F. T. Klare, ACS Catal. 2017, 7, 6999.

[6] R. K. Schmidt, K. Mther, C. Mck-Lichtenfeld, S. Grimme, M. Oestreich, J. Am. Chem. Soc.
2012, 134, 4421.
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’Pancake’ bonding between dithiadiazolyl radicals

Delia A. Haynes
Stellenbosch University

The 1,2,3,5-dithiadiazolyls (R—CNSSN -, hereafter DTDAs), have been the focus
of much investigation due to their potential as building blocks for magnetic and
conducting materials. [1] However, these molecules tend to dimerise in the solid
state via a spin-pairing interaction known as 'pancake bonding’ [2], rendering them
diamagnetic. Overcoming this dimerisation is important for developing materials
with interesting magnetic properties. A more detailed understanding of pancake
bonding in DTDAs is thus important.

Pancake bonds are multi-centre two-electron interactions that form between -
radicals, and there is a clear orbital component to this bonding interaction. How-
ever, pancake bond distances are too long to be considered conventional covalent
bonds, and an equilibrium between radical monomers and pancakebonded dimers
can be observed in solution, indicating that these interactions are much weaker than
covalent bonds. [2]

In order to probe the nature of the pancake bonds in DTDAs, experimental charge
density analysis has been carried out on a number of DTDA homodimers, het-
erodimers and monomers. [3] An analysis of these results, as well as some of our
computational results, reveals how pancake bonds are distinct from both covalent
bonds and intermolecular interactions.

[1] D. A. Haynes, CrystEngComm, 2011, 13, 4793-4805.

[2] Z. Cui, H. Lischka, H. Z. Beneberu and M. Kertesz, J. Am. Chem. Soc., 2014, 136, 1295812965;
K. Preuss, Polyhedron, 2014, 79, 1-15; H. Z. Beneberu, Y.-H. Tian and M. Kertesz, Phys. Chem.
Chem. Phys., 2012, 14, 10713-10725.

[3] S. Domagaa, K. Ko, S. W. Robinson, D. A. Haynes and K. Wozniak, Cryst. Growth Des., 2014,
14, 4834-4848; S. Domagaa and D. A. Haynes, CrystEngComm, 2016, 18, 7116-7125.
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Charge transfer chemistry of novel strong electron acceptor
- 5,6-Dicyano-1,2,5-selenadiazolo[3,4-b]pyrazine

Ekaterina A. Radiush, Nikolay A. Semenov, Elena A. Chulanova and Andrey V.
Zibarev

N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry

1,2,5-Chalcogenadiazoles are of interest to the fundamental chemistry and its applications
in materials science. Their common property is high positive electron affinity (EA) mak-
ing them effective electron acceptors. The transfer of electron density from the donor
onto the heterocycle may be complete, leading to the thermodynamically stable radical
anions (RAs), or partial one leading to charge transfer complexes (CTC) [1]. The present
contribution covers synthesis and XRD structure of a novel highly acceptor molecule -
5,6-Dicyano-1,2,5-selenadiazolo[3,4-b|pyrazine (1) as well as two examples of the above
reactivity of 1.

Compound 1 was synthesized via cyclisation of the corresponding diamine with SeOCl,
and its structure was solved by XRD. Cyclic voltammetry of 1 revealed reversible single-
electron reduction at 0.022 V vs. SCE. Reaction of 1 with potassium thiophenolate or
sodium dithionite gives RA salts [K(18-crown-6)][1] (2) and [Na(18-crown-6)|[1] (3) re-
spectively. Salts 2 and 3 are EPR active in both solution and solid state. The latter is
unexpected, because the m-dimerisation of RAs, present in these structures, typically leads
to the loss of the EPR signal in the solid state.

Interaction of 1 with KBr or KI gives anionic complexes 4 and 5 respectively, which
were isolated and structurally characterized by XRD. Formation of these complexes is a
new example of the recently found reaction of anion coordination to chalcogenadiazoles,
which was previously observed only for 3,4-dicyano-1,2,5-selena- and telluradiazoles|2].
The length of the Se---X bond in the anions 4 and 5 is by 1 A longer than the sum of the
covalent radii, but by 0.4 A shorter than the sum of Van Der Waals radii, indicating that
these are rather weak complexes. Properties of 2-5 are being investigated. The authors
are grateful to the Russian Foundation for Basic Research (project 17-53-12057) and the
Russian Science Foundation (project 18-73-00225) for the financial support.

Figure 1: XRD structures of RA salt 2 (left) and CT complex 4 (right).

[1] E.A. Chulanova, N. A. Semenov, N.A. Pushkarevsky, N. P. Gritsan, A. V. Zibarev, Mend.
Comm., 28 (5), 453-460 (2018).

[2] N.A. Semenov, D.E. Gorbunov, M.V. Shakhova, G.E. Salnikov, I.Yu. Bagryanskaya, V.V.
Korolev, J. Beckmann, N.P. Gritsan, A.V. Zibarev, Chem. Eur. J., 24 (49), 12983-12991 (2018).

15

P15



P16

Correlated methods for Hirshfeld Atom Refinement: are
they necessary?

Erna K. Wieduwilt,! Giovanni Macetti,! Lorraine A. Malaspina,? Dylan
Jayatilaka,® Simon Grabowsky? and Alessandro Genonit

1. CNRS & University of Lorraine, Laboratory LPCT, 1 Boulevard Arago, F-57078,
Metz, France
2. University of Bremen, Institut fr anorganische Chemie und Kristallographie, Leobener
Str. 3, 28359 Bremen, Germany. 3. University of Western Australia, School of Molecular
Sciences, Perth, WA, Australia

Standard structural refinements of X-ray diffraction data exploit the basic Indepen-
dent Atom Model (IAM), which represents the global electron density of the molecule
of interest as a collection of spherical atomic densities. This is an acceptable approxi-
mation if one is interested in determining only the positions of non-hydrogen atoms,
but it is insufficient if accurate and precise hydrogen bond lengths and bonding
features are desired.

The main reason for this shortcoming is the incapability of the IAM model in captur-
ing the asphericity of the atomic electron densities due to the molecular environment.
To overcome this drawback different techniques have been proposed [1]. In this con-
text a method that has attracted attention is the Hirshfeld Atom Refinement (HAR)
[2,3]. This technique consists in performing tailor-made quantum mechanical cal-
culations on the system of interest followed by a leastsquare refinement. At each
iteration the atomic scattering factors are obtained by partitioning the computed
molecular electron density into aspherical Hirshfeld atomic densities.

Recent assessments of HAR have shown that the technique is able to determine
the positions of hydrogen atoms in organic molecules with the same precision and
accuracy that is attained from neutron diffraction measurements, even using data
sets of 0.8 resolution [4]. This is remarkable because it means that HAR can
be exploited to obtain more accurate crystallographic structures also when only
standard in-house data are available.

So far, only quantum mechanical calculations at Hartree-Fock or Density Func-
tional Theory (DFT) level have been performed in HARs, while the performances
of correlated methods have not been evaluated yet. We have thus decided to per-
form a series of HARs using small-molecule X-ray datasets and exploiting MP2 and
Coupled-Cluster calculations. The obtained results have been compared to HARs
carried out at Hartree-Fock and DFT levels and to neutron data.

[1] C. Gatti, P. Macchi, Modern Charge-Density Analysis. Springer, Dordrecht (2012).

[2] D. Jayatilaka, B. Dittrich, Acta. Cryst. A64, 383-393 (2008).

[3] S. C. Capelli, H.-B. Brgi, B. Dittrich, S. Grabowksy, D. Jayatilaka, IUCrJ, 1, 361-379 (2014).
[4] M. Woinska, S. Grabowksy, P. M. Dominiak, K. Woniak, D. Jayatilaka, Sci. Adv., 2, €1600192
(2016).
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Assessing Atomic and Group Electrostatic Solvation
Energies Following the Interacting Quantum Atoms
Approach

Fernando Jiménez-Gravalos, Natalia Diaz, Evelio Francisco, Angel Martin Pendas
and Dimas Suarez

University of Oviedo

The Interacting Quantum Atoms (IQA) approach allows for a decomposition of the
global molecular energy into atomic contributions which tend to the energies of iso-
lated atoms at the limit of non interaction. Within a molecule, one can discriminate
between the own energy of an atom (ie., the one corresponding to the electron move-
ment, repulsion and attraction to a given nucleus) and its (pair) interaction with
the rest of the atoms in the system. It is possible (and many times desirable) to
group atomic contributions (such as functional groups when dealing, for example,
with organic compounds), giving rise to fragment energies as system descriptors.

A crucial issue to correctly model a molecule is to adequately reproduce its envi-
ronment. To this end, the use of implicit solvation models in combination with
quantum mechanical methods may provide an accurate description while preserving
an affordable computational cost for large molecules. It is therefore desirable to
include solvation contributions for the group description of molecules in a particular
solvent environment. Nevertheless, it is well known that solvation free energy can-
not in principle be decomposed into independent contributions, since the proximity
of contiguous groups highly influences the solvation sphere of a given atomic group.
In this work we aim to assess the goodness of an IQA-like group partition of the
electrostatic contribution to the solvation energy.[1] For this purpose, we carry out
COSMO-HF /aug-cc-pVTZ calculations followed by IQA analyses on more than 400
neutral and ionic solutes from the MNSol database. Structure-activity trends can be
outlined from our results. Overall, the dispersion of the fragment solvation energies
for neutral species is moderate, although the reconstructed molecular solvation en-
ergies from fragment contributions are not satisfactory. Further improvements shall
account for correlation effects, a more adequate fragment selection or the inclusion
of extra parameters.

[1] Jimnez-Grvalos, F.; Daz, N.; Francisco, E.; Martn Pends, .; Surez, D. ChemPhysChem 2018,
19, 3425-3435.
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Computational discovery of new metal nitrides at high
pressure

Francesca Menescardi®? and Davide Ceresoli2

1. Dipartimento di Chimica, Universit degli Studi di Milano, via Golgi 19, Milan, Italy
2. CNR-ISTM, Istituto di Scienze e Tecnologie Molecolari, via Golgi 19, Milan, Italy and
Center for Materials Crystallography (CMC), University of Aarhus, Aarhus, Denmark

Oxides are, perhaps, the most studied compounds because they are widely used
for many technological applications. On the contrary, metal nitrides are much less
investigated. In these systems, the application of pressure leads to the formation
of many N—N bonds. Therefore, if one could synthesize these systems at moderate
pressure (j25 GPa), they could become attractive for energy applications. Stim-
ulated by recent state-of-art high pressure experiments, carried out the Advanced
Photon Source by collaborators, we focused our research on Y—-N system. This
system was created at 50 GPa and 2200 K (laserheating) by mixing metallic Y and
N,. Nitrogen, in this case, was used both as a pressure transmission medium and as
a reactant. Since the precise refinement of atomic positions from the experimental
powder X-Ray diffractograms is very difficult, we performed an unbiased variable
composition search of the most stable Y—N polymorphs. To this end, we employed
the evolutionary algorithms implemented in the USPEX code[1], coupled with the
local-basis code SIESTA[2], in order to reduce the computational cost. We per-
formed the USPEX search at very high pressure (100 GPa) to enhance the variety
of the structures. Finally, we relaxed the most stable structures from 100 GPa down
to ambient pressure, using the plane-wave code Quantum Espresso[3]. We found for
instance that the yttrium cation is always trivalent and as a consequence the YN,
system is metallic and shows a charge disproportionation. On the contrary, in the
case of YN3, the [N3]>” moiety is well described by a pair of resonating Lewis struc-
ture, and the system is a band-gap insulator. We extended our investigation to other
compositions and metastable phases that contain N, chains of increasing length in
order to rationalize the relation between the chemical bonding and thermodynamic
stability.

[1] C. W. Glass, A. R. Oganov and N. Hansen, Comp. Phys. Comm. 175, 713 (2006)

[2] J. M. Soler et. al., J. Phys.: Condensed Matter 14, 2745 (2002).
[3] P. Giannozzi et. al., J. Phys.: Condensed Matter 29, 465901 (2009).
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In-situ crystallization of small molecules

Georg Stammler

Bielefeld University

Small molecules often have low melting points naturally, but they are interesting
candidates for the theoretical approach to chemical bonds or other structural issues.
In our work, we revived and refined the technique of in-situ crystallization. We grow
crystals inside capillaries by manually creating a crystal seed. Then we slowly cool
the seed so it grows and the entire capillary is filled with a single crystal - if we are
lucky. We do not use lasers [1], but we look at the crystal with a binocular and
polarized light. Here we present this technique and two results.

1. ) Multipole refinement of AlyMeg: The distribution of the charge density of
the trimethylaluminum dimer was determined by high-angle X-ray diffraction of a
single crystal and analyzed using the quantum theory of atoms in molecules. The
data can be interpreted as A12Me6 being predominantly ionically bonded, with clear
indications of topological asymmetry for the bridging Al-C bonds due to delocal-
ized multicenter bonding. The data shed new light on the bonding situation in
this basic organometallic molecule, which was previously described by contradicting
interpretations of bonding. [2]

2.) Structure determination of C(NOy)s: After numerous attempts over the last
seven decades to obtain a structure for the simple, highly symmetric molecule
tetranitromethane (C(NOg)y, TNM) the structure has now been determined in
the gas phase and the solid state. A model describing a highly disordered high-
temperature crystalline phase was also established, and the structure of an ordered
low-temperature phase was determined by X-ray diffraction of an oligo crystalline
material, that was twinned (pseudo)-merohedrically as well as merohedrically. TNM
is a prime example of molecular flexibility, bringing structural methods to the limits
of their applicability. [3]

[1] D. Brodalla, D. Mootz, R. Boese, W. Osswald, (1985) Programmed Crystal Growth on a
Diffractometer with Focused Heat Radiation, J. Appl. Cryst., 18, 316-319

[2] Stammler, H. - G., Blomeyer, S., Berger, R., Mitzel, N. W. (2015). Trimethylaluminum:
Bonding by Charge and Current Topology.Angew.Chem.Int.Ed ., 54, 13816-13820.

[3] Vishnevskiy, Y. Tikhonov, D. S., Schwabedissen, J., Stammler, H. - G., Moll, R., Krumm, B.,

Klapoethke, T. M., Mitzel, N. W. (2017) Tetranitromethane: A Nightmare of Molecular Flexibility
in the Gaseous and Solid States, Angew. Chem. Int. Ed., 56, 9619-9623.
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Stimuli Responsive Aggregation-Induced Emission of
Bis(4-((9H-fluoren-9-ylidene)methyl)phenyl)thiophene
Single Crystals
Alina A. Sonina,®® Igor P. Koskin,*® Peter S. Sherin,’¢ Tatyana V. Rybalova,®?
Enrico Benassi,>® Evgeny A. Mostovicha? and Maxim S. Kazantsev®®

a. N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry, Novosibirsk, Russia
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c¢. International Tomography Center, Novosibirsk, Russia
d. Lanzhou Institute of Chemical Physics, Lanzhou, China

Highly-emissive solid-state materials are of a great interest for organic optoelectronics as active
layers in organic light-emitting devices, lasers and sensors [1-3]. However, design of materials
with specific optical response is still a challenge since several inter- and intramolecular factors
should be taken into account. In this work we synthesized and studied 2,5-bis(4-((9H-fluorene-
9-ylidene)methyl)phenyl)thiophene (Fig. 1a, BEMPT) as a novel stimuli-responsive Aggregation
Induced Emission (AIE) material.

Solvent-antisolvent crystallization of BFMPT resulted in simultaneous formation of two confor-
mational polymorphs (Fig. 1b) with different crystal structure and emission - orange needles and
green-yellow plates. The photoluminescence quantum yield (PLQY) for BFMPT solution was lower
than 1% whereas both polymorphs are highly emissive with PLQY up to 40%. Moreover, form I
was shown to undergo mechano- and thermo-responsive transformation to more thermodynamically
stable form II. Despite thermal-induced cracks BEMPT crystals retain high photoluminescence ef-
ficiency. The analysis of BEMPT potential energy surface (PES) as a function of twisting angle
showed that dihedral angles of BFMPT (Fig. 1c) in the form I are almost coincident to the PES
minima, whereas those of form II are farther due to crystal environment effect. Upon twisting
S1v and T6v excited states intersect, which might be one of key luminescence quenching channels.
Study of reduced density gradient allowed us to analyze key intra- and intermolecular interactions
defining its conformational and crystal structure (Fig. 1d).

Due to high intrinsic conformational elasticity BFMPT-related compounds could serve as a basis
for further molecular design of novel high performance aggregation induced materials.

This work was supported by RSF (project 18-73-00081).

)

i ? . o .

? .
| 3 . .
N roma % 27 Reduced Density Gradient ~ »—{ > }(
\\ — o AR
. £
¥

ional Energy (kJimol)

Tors

BE AP
¢, (degs)

Figure 1: (a) Molecular structure of BEMPT; (b) crystal structure and intermolecular interactions in BEMPT
form I and form II; (c) Potential energy surface of BEMPT as a function of ®1 dihedral angle. Red and blue dots
and arrows show the values of ®1 and ®2 dihedral angles of form I and form II, respectively. Cyan arrows visualise
the intervals of torsional angles around minima for BFMPT molecule at room temperature; (d) RDG analysis of
BFMPT, based on the optimized ground state electron density (s = 0.5 a.u. and ared-to-blue color scale from -0.015
a.u. | sign(A2) p(r)  +0.015 a.u.). Blue color stands for repulsion, yellow/orange for attraction.

[1] Mei J. et al., Chem. Rev. 2015, 115, 11718.
[2] Zhao, J. et al., Mater. Chem. Front., 2018, 2, 1595.
[3] Yang, Z. et al., Mater. Chem. Front., 2018, 2, 861.
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Jakob-Haringer-Strae 2a, 5020 Salzburg, Austria

Short contacts among coinage metals in the formal oxidation state +1 are a common
phenomenon in molecular organometallic chemistry.[1] Hence structures of molecules
containing two metal atoms are experimentally only investigated in the solid state,
the metalophilic interactions are biased by solid state contributions, e.g. packing
effects. In our work, we attempt to determine the structure experimentally in the
gas phase by electron diffraction.[2] Structures of free molecules offer a comparison
to quantum-chemical calculations of gasphase molecules and thus it can be investi-
gated which effects cause the small intermetallic distances. It is discussed whether
this finding can be attributed to relativistic effects[3] or dispersion interactions[4] or
even a mixture of both. The synthesized molecules (Figure 1) exhibiting a difference
in the distances of the gold-coordinating framework in the solid state. In the dithio-
carbamate 1 the goldgold distance is significantly shorter than the sulphursulphur
distance, whereas in the phenylphosphine-comlex 2 the goldgold distance is slightly
longer than the distance of the coordinating carbon and phosphorous atom. Our
research aims also to understand this phenomenon.

Figure 1: Two different Digold complexes based on dithiocarbamat 1 and on phenyl
phosphine 2.

[1] H. Schmidbaur, Gold Bulletin 2000, 1, 33; H. Schmidbaur, A. Schier, Chem. Soc. Rev. 2008,
37, 1931; H. Schmidbaur, A. Schier, Chem. Soc. Rev. 2012, 41, 370; H. Schmidbaur, A. Schier,
Angew. Chem. Int. Ed. 2015, 54, 746.

[2] D. W. H. Rankin, N. W. Mitzel, C. A. Morrison, Structural Methods in Inorganic Chemistry,
1st Ed., Wiley, Chichester, 2013.

[3]P. Pyykk, Chem. Soc. Rev. 1988, 88, 563; H. Schmidbaur, S. Cronje, B. Djordjevic, O. Schuster,
Chem. Phys. 2005, 311, 151; P. Pyykk, Angew. Chem. Int. Ed. 2004, 43, 4412; P. Pyykk, Chem.
Soc. Rev. 2008, 37, 1967; P. Pyykk, Annu. Rev. Phys. Chem. 2012, 63, 45.

[4] J. P. Wagner, P. R. Schreiner, Angew. Chem. Int. Ed., 2015, 54, 12274.
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Polar vs centrosymmetric arrangment in concomitant
polymorphs of 2-aminopyridinium sulfamethoxazole
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Poland

Research in materials science focuses more and more on organic crystalline phases
as they can possess large and fast responses to electromagnetic field.[1] Organic
compounds when in crystalline state can find multiple applications in optoelec-
tronics, nonlinear optics, ferroelectric materials etc. Unfortunately, most of those
properties demand certain symmetry of the crystal to be present. Often, the non-
centrosymmetricity is a necessary requirement for the non-zero effects, e.g. non-
linear optical properties of the even-order, however several properties as pyroelec-
tricity require additional in this case polar symmetry. Having possibility to control
packing of organic molecules in acentric three-dimensional structure is a key chal-
lenge for design of functional crystalline phases.[2] The understanding of intermolec-
ular interactions promoting non-centrosymmetric space groups over centrosymmetric
ones can lead to rational solutions in materials design. The exemplar case for the
analysis of differences in chemical bonding between centric and acentric phases is
the existence of at least two different crystal structures of the same material. In this
work, we present two concomitant polymorphs of 2-aminopyridinium sulfamethoxa-
zole, which crystallize in Pca21l and Pbcn space groups. Intermolecular interactions
present in both materials were analysed using Baders QTAIM theory[3] as well as
fingerprint plots[4] and NCI index[5]. The differences and similarities between two
polymorphs are discussed and compared with respect to intermolecular interactions
found in both structures.

[1] S. Kumar, A. Bisht, G. Singh, K. Choudhary, D. Sharma, Opt. Commun., 2015, 350, 108-118.
[2] G. R. Desiraju, J. Am. Chem. Soc., 2013,135, 9952-9967.

[3] R. Bader, Atoms in Molecules: A Quantum Theory, Oxford University Press, USA, 2003.

[4] M. A. Spackman, D. Jayatilaka, CrystEngComm, 2009, 11, 1932; M. A. Spackman, J. J.
McKinnon, CrystEngCommm, 2002, 4, 378392.

[5] J. Contreras-Garci, E. R. Johnson, S. Keinan, R. Chaudret, J.-P. Piquemal, D. N. Beratan, W.
Yang, J. Chem. Theory Comput., 2011, 7, 625-632.
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Organolithium compounds form aggregates in solution, which can be devided by the
use of LEWIS bases. [1] In addition, chemical reactions and reactivities of lithium
alkyls are significantly influenced by the proximity of reactants, which is called the
Complex-Induced-Proximity effect (CIP-effect). [2,3] Therefore the deaggregation
of the tert-butyllithium tetramers (1) [4] with tetrahydrofuran (2) or N,N,N’ N’-
tetramethylethane-1,2-diamine (3) leads to side reactions with the additives. The
cleavage of lithiated 2 to ethene and lithium ethenolate [1] could be observed in
aggregates 6 and 7. Lithiated TMEDA (3) undergoes a [-elimination [2] to the
lithium dimethylamide observed in aggregate 7.

Li CMey THF (2),

f \ TMEDA(3)
MesG--/Li, j\CMeB deaggregation
—Li

+BuLis (1) tBuLi, * THF3 (4) t-BuLi « THF « TMEDA (5)
w /&7 jside reaction
X e >
1B
. R
L,(?/IC

t-BuLi, * neo-HexLiy Me,NLi « CH,CHOLi
* THF (6) « TMEDA; (7)

Figure 1: Deaggregation and side reactions of tert-butyllithium (1) with THF (2)
and TMEDA (3).

| U. Wietelmann, J. Klett, Z. Anorg. Allg. Chem. 2018, 644, 194204.

| V. H. Gessner, C. Dschlein, C. Strohmann, Chem. Eur. J. 2009, 15, 3320 3334.
| H. J. Reich, Chem. Rev. 2013, 113, 71307178.

]

[1
[2
[3
[4] T. Kottke, D. Stalke, Angew. Chem. Int. Ed. 1993, 32, 580582.
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Combined high resolution X-ray and DFT Bader analysis to
reveal a proposed Ru-H - - - Si interaction in
Cp(IPr)Ru(H),SiH(Ph)Me

Jrg Safmannshausen,®? S. Barnett,” D. Allan,® M. Gutmann,® J. K. Cockroft* and
C. Hoffmann®
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b) Diamond Light Source, Harwell Science and Innovation Campus, Didcot, UK
c¢) Rutherford Appleton Laboratory, ISIS Facility, Chilton, Didcot, UK
d) Corresponding author: The Francis Crick Institute, London, UK
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Unusual interactions of hydrogen with transition metal compounds are of great importance in
organometallic chemistry. For example, 3 centre 2 electron (3c-2e) agostic bonds are of great im-
portance as they can be seen as a resting state in the hydrogen abstraction reactions for example.
They have transitioned from being somehow a bit obscure to meanwhile fully accepted bonding
modes of hydrogen. The concept of unusual interactions of hydrogen with transition metal com-
pounds has also been expanded from traditional C-H based agostic bonds to Si-H based ones.
Another interesting example of the interaction between a transition metal, silicon and hydrogen
was recently published by us, where the original work was conducted by G.I. Nikonov.[1,2] He
proposed a Ru-H -+ Si interaction in Cp(IPr)Ru(H)2SiH(Ph)Me (1) which was mainly based on
NMR spectroscopy. We recently performed a low temperature, high resolution x-ray analysis of a
similar compound in combination with both experimental and theoretical QTAIM analysis. Our
results clearly did not furnish a bond path between the Ru-H and the Si atoms.[3] In this poster
we are reporting the new results of a combined, high resolution, low temperature x-ray analysis of
1 in combination of the neutron structure to ascertain the exact location of the Ru-H atoms. Our
experimental results will be compared with detailed DFT calculations utilizing different function-
als with and without Grimme’s dispersion correction. Particular attention is paid whether or not
a Ru-H Si interaction does exist but also a rather unusual bond pattern of one of the Ru-H (cf.
Figure 2)

Figure 1: x-ray structure of 1 Figure 2: Electron der@y plot of 1,
plane through Ru, H and C

[1] V.H. Mai, L.G. Kuzmina, A.V. Churakov, I. Korobkov, J.A.K. Howard, G.I. Nikonov, Dalton
Trans. 45 (2016) 208.

[2] V.H. Mai, I. Korobkov, G.I. Nikonov, Organometallics 35 (2016) 936.

[3] S. Barnett, D. Allan, M. Gutmann, J.K. Cockroft, V.H. Mai, A.E. Aliev, J. Samannshausen,
Inorganica Chimica Acta 488 (2019) 292 DOI: 10.1016/j.ica.2019.01.034
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Experimental Charge Density study of the pharmaceutical
cocrystal Isoniazid:5-Fluorocytosine
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In this work is described the experimental charge density (CD) study of a new solid form derived
of the combination of two used widely active pharmaceutical ingredients (API): the antimetabolite
prodrug 5-Fluorocytosine (5-FC) and the tuberculostatic drug Isoniazid (INH). The result of the
combination of these molecules yields the formation of a pharmaceutical cocrystal (5-FC:INH),
which is stabilized by the supramolecular synthon held by strong hydrogen bond of NH---N type,
between the amine and imine fragments of the 5FC molecule and the hydrazide fragment of INH
molecule. The crystal structure of this cocrystal is already known in room temperature, but no
charge density study has been published as far.[1] In that vein, we have carried out a single-crystal
X-ray diffraction experiment in high resolution (sin(©,,4,)/A=1.15 A=1) at 150 K, in a conventional
diffractometer equipped with a X-ray source of Molybdenum rotating anode. After the collection
and processing data, Hasen & Coppens aspherical multipolar refinement was proposed,[2] in order
to determine the CD distribution of this cocrystal. The good quality of the data allowed to carry
out a topological analysis and electron density partitioning using the Quantum Theory of Atoms
in Molecules (QTAIM) analysis. Insights about the intermolecular interactions, the presence of
fluorine atom, and crystal lattice energy were some of the aspects which were assessed from the
multipolar refinement model.

O

Figure 1: Molecular graph with the bond critical points (BCP) and bond paths
(BP) of the 5-FC:INH cocrystal

[1] Souza, M. S.; Diniz, L. F.; Vogt, L.; Carvalho Jr, P. S.; Dvries, R. F.; Ellena, J. Crystal Growth
& Design 2018, 18, 5202.
[2] Hansen, N.; Coppens, P. Acta Cryst 1978, A34, 909.
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Mechanistic Insights into Isomerization Processes of
P26 Dinuclear Sulfido Complexes Based on DFT Calculations
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del Ro (IQAR), Universidad de Alcal, 28805 Alcal de Henares, Madrid, Spain.

A series of dinuclear tantalum(IV) alkylated sulfur complexes, [Tag(nCs—Cs;Mes )oRo (-
S)2] (R =Me 1, CH2Me 2, CH,SiMes 3, C3Hs 4, Ph 5), were synthesized in which the
presence of the cyclopentadienyl ligand significantly enhances the synthesis, charac-
terization and further reactivity of the complexes formed. Additionally, the analo-
gous dinuclear titanium(IV) alkylated sulfur complexes [Tis(nCs—CsMes)aRa(1-S)s]
(R = NMe, 6, CHySiMes 7, Ph 8, CHyPh 9) have been obtained. All complexes
were spectroscopically characterized and, in case of 1 and 5-9, crystallographically as
well. Single crystal X-ray diffraction studies showed in all cases a trans disposition
of the alkyl/aryl/amido substituents.

Trans-cis isomerization reactions were evidenced in some of the dinuclear com-
plexes, and DFT calculations enabled us to propose mechanisms for these un-
expected processes. Thus, for instance, the trans-cis isomerization for [My(n°-
CsMes)Ra(Ra(1-S)2)2] complexes occur photochemically in case of 1 and thermally
in compounds 2 and 6. The presence of S-hydrogen atoms in 2 were considered and
it was evaluated the path through [-elimination.
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DISSPK - novel derivative of tempo radical: crystal
structure and Hirshfeld surface analysis
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2,2,6,6-Tetramethylpiperidine-1-oxyl radical (TEMPO) and its derivatives belong to a very inter-
esting group of chemicals in terms of their wide variety of applications. Over the years they have
gained significant interest due to their functionality as catalysts [1] and their ability to exhibit both
ferromagnetism and antiferromagnetism at low temperatures [2]. The TEMPO-related compounds
are also interesting object of crystallographic research with a great relevance in organic synthesis
[1], quantum computing [3] and polymer synthesis [4].

In this work we focused on the crystal structure of TEMPO radical and its novel derivative DISSPK.
In both cases X-ray diffraction measurements using Agilent Technologies SuperNova Dual Source
diffractometer with Cuk, radiation at 100 K were made.

Although the crystal structure of TEMPO radical is known since 1974 [5] the DISSPK compound
has not been characterized yet. In case of both investigated systems the piperidine rings adopt chair
conformation with two methyl substituents on each side. Crystallographic studies revealed that
their supramolecular architecture in crystal exhibit different structural features. In this presenta-
tion those differences will be discussed in details along with detailed characterization of the most
significant intermolecular interactions (e.g. hydrogen bonds) occurring in their crystal networks.
Above-mentioned characterization includes also complementary Hirschfeld Surface analysis.

As a next step of crystallographic studies of DISSPK radical, high-resolution single crystal data
collection will be undertaken in order to receive knowledge about quantitative distribution of
electron density in its crystal. We hope to establish more accurate and precise geometry that
will allow us to get - using theoretical periodic calculations additional knowledge concerning spin
density distribution and occurrence of magnetic interactions in the crystal lattice of investigated
system.
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Figure 1: The asymmetric unit of the crystal lattice of DISSPK showing the atom numbering scheme. Displacement
ellipsoids are drawn at the 50% probability level. The H-atoms are shown as small spheres of arbitrary radius.

”?This research was carried out at the Biological and Chemical Research Centre, University of Warsaw, established
within the project co-financed by European Union from the European Regional Development Fund under the
Operational Programme Innovative Economy, 2007 2013. The data collection was accomplished at the Core Facility
for Crystallographic and Biophysical research to support the development of medicinal products sponsored by the
Foundation for Polish Science (FNP).”

[1] Soegiarto, A. C., Yan,W., Kent, A. D. & Ward, M. D. (2011). J. Mater. Chem. 21, 22042219.

[2] Togashi, K., Imachi, R., Tomioka, K., Tsuboi, H., Ishida, T., Nogami, T., Takeda, N. & Ishikawa, M. (1996).
Bull. Chem. Soc. Jpn, 69, 28212830.

[3] Nakazawa, S., Nishida, S., Ise, T., Yoshino, T., Mori, N., Rahimi, R. D., Sato, K., Morita, Y., Toyota, K., Shiomi,
D., Kitagawa, M., Hara, H., Carl, P., Hofer, P. & Takui, T. (2012). Angew. Chem. Int. Ed. 51, 98609864.

[4] Conte, M., Ma, Y., Loyns, C., Price, P., Rippon, D. & Chechik, V. (2009). Org. Biomol. Chem. 7, 26852687

[5] D. Bordeaux, A. Capiomont, J. Lajzrowicz-Bonneteau, M. Jouve et M. Thomas (1974) Acta Cryst. B30, 2156-
2160
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Non-Spherical Form Factors and Crystallographic
Refinement

Laura Midgley
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Standard crystallographic refinement relies on tabulated form factors[l] carefully calculated and
confirmed functions derived from single-atom electron densities. These spherical form factors have
been used for decades, but are necessarily an approximation to the true form factors. My recent
work has focused on the viability of using alternative form factors of improved accuracy, such as
from quantum mechanical calculations.

In its simplest iteration, the form factor is the Fourier transform of the electron density associated
with a particular atom. In the standard tables, this electron density is taken as a spherically
symmetric function around an atom, leading to a spherically symmetric form factor dependent
only on the magnitude of the vector ha*+kb*+1c*. However, in reality, bonding and other factors
lead to an electron density which is influenced by its neighbours that is, the all atoms of the whole
molecule affect the electron density, and thus, in turn, the form factor.

In this contribution, I cover the theoretical backing behind the use of such form factors, consider the
information required, and discuss the adjustments and considerations made to the crystallographic
refinement process needed to properly employ this information. Additionally, I will mention further
investigations needed into the limits of viability of these form factors, the limits of inaccuracy of
the model under which they become less accurate than standard spherical approximations.

[1] International tables for crystallography. Vol. C. Mathematical, physical and chemical tables,
Bryan, RF
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Phase transition of O under extreme pressure conditions has driven a lot of attention during
the last years due to the drastic changes in its magnetic and spectroscopic properties[l]. During
the transition from § to € phase, there is a magnetic collapse and Oz loses its antiferromagnetic
character. Recently [2], the tetrameric model system (Oz)4 has been studied by means of CASSCF
ab initio calculations combined with quantum chemical topological analyses, namely Interacting
Quantum Atoms (IQA) and electron distribution functions (EDFs). The aim was to evaluate
these descriptors along the phase transition in order to rationalize the observed spectroscopic and
magnetic behaviour of e-02. The analysis was performed from CASSCF calculations with minimum
active space (8 active orbitals and 8 electrons). In this work we revisit the (Oz)4 tetramer by using
CASSCF/DMRG wavefunctions including much larger active space, in order to better capture
dynamic correlation effects. In addition, we study the evolution of the spin structure of the Oo
moieties in the light of the so-called local spin analysis [3], which is specifically designed to capture
effective local spin moieties within the molecule and their couplings. Such improved analyses are
feasible by making use of pySCF in combination with our in-house code APOST-3D, for which
appropriate interfaces have been built for the present purpose.

[1] Shimizu, K et.al. Nature, 1998, 393, 767-769.
[2] M. A. Garca-Revilla et.al., J. Chem. Theory Comput. 2013, 9, 2179-2188
[3] E. Ramos-Cordoba et al., J. Chem. Theory Comput. 2012, 8 , 12701279
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Hydrogen atoms (H-atoms) can exhibit the chemical phenomenal of transfer behaviour when part
of a hydrogen bond (HB). This behaviour occurs related to the shape of the potential energy for
H-atom motion for certain types of hydrogen bonds.[1] Depending on the HB characteristics, this
transfer may be static or be susceptible to external stimuli, such as temperature or pressure.|2,
3] For the non-static case, this may be in the form of proton migration,[4] including a gradual
shift in H-atom position as a function of temperature, or proton disorder, hopping between sites
in the HB.[5] In the solid-state, proton transfer behaviour can lead to a number of potentially
useful material properties.[3, 6] In ferroelectrics, proton shuttling may occur under an applied
electric field facilitating the reversal of material polarity[7, 8] or transitions between electric (ferro-
para) states.[9] Materials such as these are of interest offering applications in sensing and data
storage. The electric properties of materials are typically determined from measuring dielectric
constants,[10] polarisation-electric field loops,[11] whilst structural effects under applied fields are
elucidated using techniques such as small angle neutron scattering,[12] computationally via cal-
culations[13] or by Bragg peak mapping.[14, 15] In this work, we showcase a new electric field
set up on beamline 119, Diamond Light Source (U.K.) for in-situ single crystal X-ray diffraction
measurements allowing full structure elucidation under an applied field. We describe the set-up
and explore its potential in the study of proton transfer behaviour with the aim of discovering new
candidates for electric field applications. We investigate a number of polar and non-polar materials
containing short hydrogen bonds across which interesting temperature/pressure dependent proton
transfer behaviour has previously been found.[3, 16] For each system, we apply fields of ca. 2 kV
(600 V/mm) and measure the structural response in-situ.

[1] C. L. Perrin, Acc. Chem. Res., 2010, 43, 1550-1557.

[2] C. C. Wilson, K. Shankland and N. Shankland, Z. Kristallogr., 2001, 216, 303—306.

[3] D. M. S. Martins, D. S. Middlemiss, C. R. Pulham, C. C. Wilson, M. T. Weller, P. F. Henry, N. Shankland,
K. Shankland, W. G. Marshall, R. M. Ibberson, K. Knight, S. Moggach, M. Brunelli and C. A. Morrison, J. Am.
Chem. Soc., 2009, 131, 3884-3893.

[4] A. O. F. Jones, University of Bath, 2012.

[5] A. O. F. Jones, N. Blagden, G. J. McIntyre, A. Parkin, C. C. Seaton, L. H. Thomas and C. C. Wilson, Cryst.
Growth Des., 2013, 13, 497-509.

[6] C. L. Jones, C. C. Wilson and L. H. Thomas, CrystEngComm, 2014, 16, 5849- 5858.

[7] I. A. Abronin, I. A. Kovalchuk and V. P. Sakun, Russian Journal of Physical Chemistry B, 2016, 10, 357-359.
[8] G. Busch and P. Scherrer, Naturwissenschaften, 1935, 23, 737.
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Origin-independent energy-based decomposition of
nonlinear optical properties

Marc Montilla Busquets, Josep Maria Luis and Pedro Salvador

Institute of Computational Chemistry and Catalysis, Chemistry Department, University
of Girona, Montilivi Campus, 17003 Girona, Catalonia, Spain

Great attention has been paid to the materials characterized by a large nonlinear
optical response, as they are commonly used in optical communication technology.
Historically, there has been great interest in decomposing the global value of the
NLOP (e.g. the molecular polarizability) into contributions of individual atoms or
functional groups. Transferable group polarizabilities give insight about the value of
the NLOP, and also would allow for their prediction. The problem that arises with
such decompositions is that the atomic contributions obtained from the straightfor-
ward decomposition of the NLOPs are origin-dependent. In 1990, Bader[1] showed
that the molecular polarizability can be expressed as a sum of atomic (intrinsic)
origin-independent contributions, and a global charge-transfer term. However, a re-
cent study of Mei et al.[2] has shown that, for general molecules, the global charge-
transfer term typically represents 60 to 90overall value of the molecular polarizabil-
ity. Certainly, a better solution to the problem is yet to be found.

In this work, we discuss how the NLOP can be decomposed into one- and two-
center contributions (atoms or molecular fragments) in such a way that the origin-
independence of the terms is ensured. Thus, the one-center terms are associated to
intrinsic contributions, whereas the two-center ones will account for the interplay of
the defined fragments to increase or decrease the overall NLOP. The transferability
of the terms will be explored for a set of molecules, and the results obtained will be
compared with previous decomposition schemes.

[1] K. E. Laidig, R. F. W. Bader, J. Chem. Phys., 1990, 93, 7213.
[2] Ye Mei, Andrew C. Simmonett, Frank C. Pickard, IV, Robert A. DiStasio, Jr., Bernard R.
Brooks, and Yihan Shao. J. Phys. Chem., 2015, 119, 5865-5882.
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Quantum-chemical study of cytotoxicity of antineoplastic
drug camptothecin and its derivatives

Marek Stekldé and Martin Breza
Department of Physical Chemistry STU, Radlinskeho 9, SK-81237 Bratislava, Slovakia

Camptothecin, (S)-4-ethyl-4-hydroxy-1H-pyrano [3,4:6,7]-indolizino-[1,2-b]-quinoline-
3,14-(4H,12H)-dione, inhibits enzyme Topoisomerase I and its derivatives are used
in the pharmaceutical industry as anticancer drugs. The aim of our study is to
compare the cytotoxicity of their possible reaction sites according to the ability to
form complexes with copper (II) ion and the extent of electron/spin density transfer
from the ligand molecule to copper in analogy with the study of antioxidants [1].
The structures of lactone form of camptothecin (Fig. 1 (a)), its commercially used
derivative irinotecan (Fig. 1 (c)), its active metabolite SN38 (Fig. 1 (b)) and their
complexes with copper (II) were optimized at B3LYP/6-311G* level of theory using
the Gaussian09 software [2]. Electronic structures of the formed complexes were
evaluated in terms of QTAIM (Quantum Theory of Atoms-in-Molecule) topological
analysis of electron density [3] and NBO population analysis [4].

Figure 1: Atom numbering of camptothecin (a), SN38 (b) and irinotecan (c)

[1] I. Pukrov and M. Breza, Polym. Degrad. Stab. 130: 189-193, 2016; Chem. Phys. Let. 68:78-82,

2017.

[2] M. J. Frisch et al., Gaussian09 (Revision D.0.1), Gaussian, Inc., Wallingford CT (USA), 2013.
[3] R. F. Bader, Atoms in Molecules: A Quantum Theory, Oxford University Press, Oxford, 1994.
[4] A. E. Reed, R. B. Weinstock and F. Weinhold, J. Chem. Phys. 83(2): 735 746, 1985.
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Superelectrophilic Anions: Theoretical Understanding of
Noble Gas Binding by [B12X11]_

Markus Rohdenburg?®, Edoardo Apr,” Simon Grabowsky® and Jonas Warneke?
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2-Biologie/Chemie, Leobener Str. 5, 28359 Bremen (Germany)
b) Environmental Molecular Sciences Laboratory, Pacific Northwest National
Laboratory, P.O. Box 999, Richland, WA 99352 (USA)
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Closo-dodecaborate dianions [B1oXj2]o~ (X=H, (pseudo-)halogen) are highlystable
multiply charged anions (MCAs) which are known to act as very weakly coordi-
nating ions[1] and also exhibit properties promising for medical applications, e.g.
for boron-based neutron capture therapy of tumors.[2] Collision-induced dissocia-
tion (CID) in ion traps of mass spectrometers allows for fragmentation of these ions
yielding [B12X1;]  monoanions. Experimentalists observed the formation of gas-
phase adducts of these fragment ions with residual ion trap gases like H,O and even
N, which usually only react with strong electrophiles. We decided to explore this
unexpected anion reactivity in a theoretical study: The vacant boron constitutes
a positive binding site in an overall negatively charged anion and the LUMO is
mainly localized at this position. This explains the strong electrophilicity, although
the ion is negatively charged. The ion is even reactive enough to bind noble-gases at
room temperature, e.g, Kr and Xe can be bound by [B12Cly;] [3] a reaction never
observed for an anion previously.

This contribution presents computed properties of some representatives of [B1aX11]~
monoanions. Natural Population Analysis (NPA) predicted the highest atomic
charge on the vacant boron for X=CN. Motivated by this result, the synthesis of
[B12(CN)12]o was successfully performed. In CID experiments, [Bi2(CN)y1] was
generated, a monoanion capable of even binding Ar(!) at room-temperature. We
present a bonding analysis of the first B-Ar bond in an anion in direct comparison
to B-Ar bonds formed with highly electrophilic cations known from literature. Elec-
trostatics and dispersion forces play a significantly larger role for the Ar binding
strength of the anion, compared to cations with similar Ar attachment enthalpies,
as indicated by Energy Decomposition Analysis (EDA).[4]

1] C. Knapp, Comprehensive Inorganic Chemistry II, Vol. 1, Elsevier, 2013, 651-679.
2] A.H. Soloway et al., Chem. Rev., 1998, 98, 1515-1562.

3] M. Rohdenburg et al., Angew. Chem. Int. Ed., 2017, 56, 7980-7985.

4]

[
[
[
[4] M. Mayer et al., Proc. Natl. Acad. Sci. U.S.A., 2019, accepted.
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Characterization of Ligand Non-Innocence: The Case of the
Redox-Induced Electron Transfer Processes

Mart Gimferrer,® S. Dans,* M. Rodrguez,” and P. Salvador®

a) Institut de Qumica Computacional i Catlisi i Departament de Qumica, Universitat de
Girona, Maria Aurlia Capmany 69, 17003, Girona, Spain.
b) Departament de Qumica, Universitat de Girona, Maria Aurlia Capmany 69, 17003,
Girona, Spain.

Complexes that possess one or more non-innocent ligands that can be isolated in
several oxidation states may exhibit the so-called redox-induced electron transfer
(RIET) process [1]. For instance, the dinuclear compounds exhibiting a bridging
tetraoxolate ligand can experience redox reactions where the ligand is reduced and,
at the same time, both transition metal centers are oxidized. The oquinone o-
semiquinone catecholate redox series (from more oxidized to more reduced) also al-
low RIET processes in mononuclear complexes exhibiting two or more of this type of
ligands. For example, the one-electron reduction of [Nill(3,6-dbsq)2] (dbsq=3,6-di-
tert-butyl-1,2-benzosemiquinonate) leads to an actual oxidation of the metal center
to NilIT and a simultaneous two-electron reduction of the ligands[2]. In many cases,
the nature of the RIET process is not well established, as the proper characterization
of the electronic structure of this type of compounds in terms of oxidation states is
very challenging either experimentally nor computationally.

In this work, we first carry out benchmark calculations with different KS-DFT func-
tionals and compare the ground state energies obtained with the experimentally
reported[l]. Afterwise, we apply the inhouse developed effective oxidation states
(EOS) analysis[3,4] to unravel their electronic structure. From the results obtained,
we show the hability of the method for assigning oxidation states of the metal cen-
ter and ligands irrespective of the spin state, identifying and characterizing possible
RIET processes in the oxidation and reduction reactions studied.

LN 2 AN\ -
(\‘U M Q/}

onhe-electron singlet diradicaloid one-electron

reduction ' ‘ oxidation
2- T 3+ 2 0 T 1+ 0
OO, OvO

RIET: M oxidation by RIET: M reduction by
two-electron L reduction two-electron L oxidation

Figure 1: Representative scheme of the RIET phenomena in a monometallic tran-
sition metal complex

[1] J. S. Miller, K. S. Min, Angew. Chem. Int. Ed., 2009, 48, 262.

[2] C. W. Lange, C. G. Pierpont, Inorg. Chem. Acta, 1997, 263, 219.

[3] E. Ramos-Cordoba, V. Postils, P. Salvador, J. Chem. Theory Comput., 2015, 11, 1501-1508.
[4] V. Postils, C. Delgado-Alonso, J.M. Luis, P. Salvador, Angew. Chem. Int. Ed., 2018, 130,
10685-10689.
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Stability analysis of molecules containing transition metals
at extremely high oxidation states with oxide and nitride
ligands.

ukasz Wolaski,* Mateusz A. Domaski,*® Wojciech Grochala® and Pawe Szarek®

a) Centre of New Technologies, University of Warsaw, S. Banacha 2c, 02-097 Warsaw,
Poland b) Faculty of Chemistry, Warsaw Univeristy University of Technology,
Noakowskiego 3, 00-664 Warsaw, Poland

For many years the +VIII oxidation state has been considered as the highest energet-
ically stable in the transition metals, as it is present in Ru(VIII) and Os(VIII) com-
pounds both in gaseous and solid state.[1] The best known examples are tetroxides
stoichiometries with tetrahedral geometry however the mixed oxide-nitride osmium
anion in neutral salt is also known for over 150 years.[2] In recent years researchers
investigated new compounds having the higher than (VIII) oxidation state, which
can be labelled ’extreme’. In 2010 thermochemical stability of oxidation level +IX
in [IrO4]+ cation was theoretically predicted by Himmel et al.[3] using electronic
structure calculations. These results inspired scientist in further research four years
later the abovementioned cation was reliably detected using time-of-flight photodis-
sociation spectroscopy.[4] Besides this success also other systems has been studied
i.e. Pt(X)[5], Pu(VIII)[6] or U(XII).[7] Present work focuses on the stability of irid-
ium and platinum compounds in stoichiometries different than tetroxides trying to
point where are the limits of increasing the oxidation state in late transition met-
als. Theoretical studies were done utilizing density functional theory (DFT) and
zeroth-order regular approximation scalar relativistic Hamiltonian (ZORA) in order
to find equilibrium structures with different multiplicities and the transition states
between them.

[1] S. Riedel and M. Kaupp, Coord. Chem. Rev., 2009, 253, 606624

[2] J. Fritzsche and H. Struve, J. fr Prakt. Chemie, 1847, 41, 97113.

[3] D. Himmel, C. Knapp, M. Patzschke, S. Riedel, ChemPhysChem 2010, 11, 865869.

[4] G. Wang, M. Zhou, J. T. Goettel, G. J. Schrobilgen, J. Su, J. Li, T. Schlder, S. Riedel, Nature
2014, 514, 475477

[5] H. S. Yu, D. G. Truhlar, Angewandte Chemie International Edition 2016, 55, 90049006.

[6] W. Huang, P. Pyykk and J. Li, Inorg. Chem., 2015, 54, 88258831.

[7] P. Pyykk, N. Runeberg, M. Straka and K. G. Dyall, Chem. Phys. Lett., 2000, 328, 415419.
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Parallelised Triangulated Zero-Flux Bader Surfaces

Max Davidson and Dylan Jayatilaka

University of Western Australia, School of Molecular Sciences

One of the most basic quantities that chemists are interested in is the charge on
an atom in a molecule: it can give information concerning the ionicity or covalency
of a chemical bond and hence gives information concerning reactivity. Zero-flux
surfaces of the electron density define regions in space surrounding an atom which
may be used to define charges[1] and moments. These can develop classical force
fields for molecular dynamics simulations. Several groups have produced algorithms
to obtain these surfaces, including triangulation-based methods[2], analytical ap-
proaches(3] and spatial decomposition methods[4]. All of these methods pursue a
similar goal of fast and accurate determination of the zero-flux surfaces. We propose
a new distributed memory parallelised approach, by modifying previously utilised
grid-based methods[4], in order to utilise more computational power to achieve the
zero-flux surfaces efficiently. In addition to this, we propose a new triangulation
method for visualising the zero-flux surfaces. Examples of the zero-flux surfaces
will be shown along with timings for the new method. Acknowledgements: This
research is supported by an Australian Government Research Training Program
(RTP) Scholarship.

[1] Bader, R. F. W. Atoms in molecules : a quantum theory (Clarendon Press, 1990).

[2] Polestshuk, P. M. Accurate integration over atomic regions bounded by zeroflux surfaces. J.
Comput. Chem. 34, 206219 (2013).

[3] Popelier, P. L. A. A fast algorithm to compute atomic charges based on the topology of the
electron density. Theor. Chem. Acc. 105, 393399 (2001).

[4] Tang, W. et al. J. Phys. Condens. Matter, 21, (2009)
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The benefits of K; radiation
Tobias Mayr and Michael Bodensteiner

Analytics Service Centre - X-ray Crystallography, Faculty of Chemistry and Pharmacy,
University of Regensburg, Germany

K is much weaker in intensity than K, and therefore practically not used for single
crystal diffraction experiments. Most X-ray labs are equipped with Mo-K, and
Cu-K,, sources, but in some cases an intermediate wavelength would be desirable.
Such a compromise can be provided by Cu-Kjz radiation (A = 1.39 A). Compared
to Cu-K, (A = 1.54 A) the amount of available data is increased by more than 35
per cent and the absorption significantly lowered. This can also be achieved with
Mo-K, (A =0.71 A), but the quantum efficiency of the diffraction is much higher for
Cu-Kp. Another general advantage of Kz radiation compared to K, is the absence
of al/a2 splitting at higher diffraction angles. This leads to a relative improvement
of the I/o(I) at higher resolution. Our investigations have shown that in many cases
almost identical or even better quality structures could be obtained by using the Cu-
K wavelength compared to either Mo-K, or Cu-K,. We even encountered some
structures that could only be refined properly when Cu-Kz data was applied.[1]

Absorption Mo-Ka vs. Cu-Kp
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Figure 1: Between Cu and Y Cu-Kj is less absorbing than Mo-K,.

[1] Marquardt, C., Kahoun, T., Stauber, A., Balzs, G., Bodensteiner, M., Timoshkin, A. Y., Scheer,
M. (2016). Angew. Chem. Int. Ed., 55, 1482814832.
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X-ray constrained extremely localized molecular orbitals for
the study of interactions in crystals

Michelle Ernst,* Fabio Montisci,® Alessandro Genoni and P Piero Macchi®”

a) University of Bern, Departement fr Chemie und Biochemie
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Intermolecular interactions are crucial for the formation of crystals and their properties. These
properties are often rationalized in terms of the electron density distribution and its derivatives,
while molecular orbitals (MOs) are less frequently analysed. Semi-experimental MOs can be ob-
tained with the X-ray constrained WFN[1] method. In addition, MOs can be constrained to be lo-
calized on given fragments of molecules (X-ray constrained, extremely localized molecular orbitals
(XC-ELMOs][2])). This localization allows for a more straightforward chemical interpretability.
Furthermore, ELMOs can be stored in proper libraries[3] as electronic LEGO building blocks to
reconstruct electron densities and refine crystallographic structures of large systems. In recent
studies we have decided to investigate the possibility of exploiting XCELMOs to interpret crys-
talline interactions at an orbitalic level and not only based on the global electron density. The goal
is to see which orbitals are involved in an interaction and how they change in different crystalline
environments.

To accomplish this task we examined NTA-B, a compound which is of interest due its carbonyl-
carbonyl interactions, which might lead to polymerization at high pressure via an addition reaction.
We performed X-ray diffraction measurements up to 16 GPa, as well as geometry optimizations
with Crystall7 up to 50 GPa that provided unit cell lengths and interaction distances well in
agreement with the experimental results. The shortest interaction distance of two neighbouring
carbonyl groups decreases from 2.84 to 2.13 Aupon going from 0 to 50 GPa; however, we have not
observed any evidence for polymerization. Thus, in order to further examine the interactions, we
analysed the electron densities resulting from the performed periodic calculations (mainly focusing
on properties at the bond critical points) and we studied the XC-ELMOs localized on the carbonyl
groups and their changes due to the interactions.

Figure 1: Carbonyl-carbonyl interactions of Boron-Nitrilotriacetate (NTA-B)

[1] D. Jayatilaka: Chapter 6 in Modern Charge-Density Analysis (2012)
[2] A. Genoni, J. Phys. Chem. Lett. 2013, 4, 1093-1099.
[3] B, Meyer, A. Genoni, J. Phys. Chem. A 2018, 122, 8965-8981.
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Naphthalimide-Derived Potential Spin Crossover Devices:
A Quantum Crystallography Study on Cooperativity
through 7 - - - 7m Stacking Effects
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The numerous interesting properties of spin crossover (SCO) active materials, com-
bined with the current trend to develop molecular electronics and machines has
resulted in a dramatic increase in the exploration of compounds exhibiting this phe-
nomenon. Modifying the solid-state interactions between metal complexes is essen-
tial for controlling the nature of the SCO event. Previous work has investigated the
effect that hydrogen bonding and halogen bonding has on the cooperative nature of
SCO behaviour, which proposed that other supramolecular interactions can also alter
the nature of this cooperativityl. The focus of this work is on utilising 7---7 interac-
tions to systematically modify the SCO transition. Naphthalimide-based functional
groups(Fig 1) were identified as the target for this project because of the long-range
ordering achieved through m-stacking and the interesting photophysical properties
of the 1,8-naphthalimide moiety2. The electron deficient 1,8-naphthalimide systems
have not only been utilised as ligand scaffolds for metal complexes, but also investi-
gated as non-coordinating anions to incorporate this structure directing group into
the lattice. While systematically varying the nature of substituents on the naph-
thalimide backbone, we will use quantum crystallography methods to develop an
understanding of how subtle changes in electron withdrawing/donating substituents
influence the nature of interactions, and accordingly how 7---7 interactions influence
spin crossover properties. The calculation of the intermolecular interaction energies
has resulted in an array of information that provides detailed structure-function rela-
tionships which can be used to increase control over the behaviour of SCO materials
in a novel manner.

N——N

/o \
“ &g)

n. R'= H, NO, N(NMe),, NH,
Figure 1: General structure of the Naphthalimides showing the substituents used
to control the electronic nature of the species

[1] Gutlich, P.; Goodwin, H. A., Spin Crossover in Transition Metal Compounds I 2004,233, 1-47.
[2] Kitchen, J. A.; Zhang, N. J.; Carter, A. B.; Fitzpatrick, A. J.; Morgan, G. G., J Coord Chem.
2016, 69, 2024-2037.
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Study of Charge-Shift Bonding in Transition-Metal
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The chemical bond is one of the most important concepts in chemistry. Recently,
in addition to the ionic and covalent bonding, the charge-shift bond[1] (CSB) has
been proposed in the context of the valence bond theory. As CSB is closely related
to situations with strong Pauli repulsion, and transition-metals use their compact
inner d-orbitals for bonding, a large role of CSB for transition-metal systems is
conceivable.[2] In this work, a systematic study of the occurrence of CSB in first-
row transition-metal complexes is reported, using on one side various direct energy
decomposition analyses and on the other side indirect measures from real-space ap-
proaches (e.g. ELF, electron density). By systematically varying ligand types, total
charge, oxidation state and metal centers, we aim at a comprehensive understanding
of the role of CSB in transition-metal ligand (and metal-metal) bonding.

[1] a) S. Shaik, D. Danovich, W. Wu, and P. C. Hiberty. Charge-shift bonding and its manifestations
in chemistry. Nature Chem. 1, 443 (2009). b) S. Shaik, D. Danovich, W. Wu, and P. C. Hiberty.
The Valence Bond Perspective of the Chemical Bond. in The Chemical Bond: Fundamental
Aspects of Chemical Bonding (Eds. G. Frenking and S. Shaik), 1st ed. Wiley-VCH Verlag GmbH
Co. KGaA, 2014.

[2] M. Kaupp. The role of radial nodes of atomic orbitals for chemical bonding and the periodic
table. J. Comput. Chem., 28: 320-325 (2007).
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Experimental and Theoretical Studies on Heteroleptic
Nickel complexes of Unsaturated Hydrocarbons

Patricia Hei, Julius Hornung, Maximilian Muhr, Christian Gemel and Roland A.
Fischer

Technical University of Munich

The semihydrogenation of acetylene to ethylene can be catalyzed at the surface of Hume-
Rothery alloys like Fe/Al[l], Ni/Gal[2] or Ni/Zn[3] as cost-efficient substitutes for the
industrially established Pd/Ag catalysts.[3] However, detailed investigations of the under-
lying mechanism and the exact influence of e.g. element distribution on catalytic activity
and selectivity are hampered by the intrinsic difficulty of mechanistic studies of hetero-
geneous surface reactions. Thus, molecular models, resembling the catalytically active
surface, are highly desirable. For more than a decade, we have been developing synthetic
access to Hume-Rothery-like intermetallic complexes of the general formula LnTMa(ER)b
(TM = transition metal; L = 2 electron donor ligand; E = Al, Ga, In, Zn).[4] The poster
will discuss new synthetic routes to all zinc coordinated nickel complexes with unsaturated
hydrocarbons (UHC) in the ligand sphere mimicking acetylene and ethylene bonding to
the catalyst surface (Figure 1). Structure and bonding situation of such complexes will
be discussed especially in the light of semihydrogenation mechanisms. The experimental
data are supported by theoretical calculations on the DF'T level of theory focusing on en-
ergy decomposition analysis (EDA) with the natural orbital for chemical valence extension
(NOCV) as well as QTAIM to investigate the bonding situation of such compounds.

Figure 1: Calculated molecular structure of the surface model compound
[Ni(ZnCp - )2(ZnMe)o(CoHs)o] (BP86-D3/def2-TZVPP). The Cp* and Me moieties
are depicted in wireframes for clarity. Color code: Ni: green, Zn: purple, C: grey,
H: white.

[1] Armbrster, M.; Kovnir, K.; Friedrich, M.; Teschner, D.; Wowsnick, G.; Hahne, M.; Gille, P;
Szentmiklsi, L.; Feuerbacher, M.; Heggen, M.; Girgsdies, F.; Rosenthal, D.; Schlgl, R.; Grin, Y.,
Nat. Mater. 2012, 11, 690.

[2] Schutte, K.; Doddi, A.; Kroll, C.; Meyer, H.; Wiktor, C.; Gemel, C.; van Tendeloo, G.; Fischer,
R. A.; Janiak, C., Nanoscale 2014, 6 (10), 5532.

[3] Studt, F.; Abild-Pedersen, F.; Bligaard, T.; Srensen, R. Z.; Christensen, C. H.; Nrskov, J. K.,
Science 2008, 320 (5881), 1320.

[4] Cadenbach, T.; Bollermann, T.; Gemel, C.; Tombul, M.; Fernandez, I.; Hopffgarten, M. v;
Frenking, G.; Fischer, R. A.; J. Am. Chem. Soc. 2009, 131 (44), 16063.
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Iridoids are a large class of bicyclic monoterpenoid phytochemicals which were first iso-
lated from ants of the genus iridomyrmex. The common intermediate in the biosynthesis
of all known iridoids is the nepetalactol.[1] Unlike other terpene biosyntheses, they are not
formed by a reaction sequence involving carbocations as key intermediates. Instead, they
are believed to be formed from pericyclic reactions, i. e. hetero-Diels-Alder reactions.
However, the pathway which leads to the formation of iridoids is still under debate. The
question remains, if it is really a pericyclic reaction or if it might be a step-wise path-
way or an even more complex, oft- MEP pathway.[2,3,4,5] A combined computational and
experimental approach is used to examine the unresolved mechanistic questions. On the
computational side, DFT-calculations to evaluate both, the PES and molecular dynamics
are used to examine the different possible reaction routes (see Scheme 1). These results
will be discussed on the poster.
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Figure 1: Scheme 1: Summary of the mechanistic aspects of the nepetalactol
formation that were discussed. More detailed information will be discussed on the
poster.

[1] E. M. Santangelo, I. Liblikas, A. Mudalige, K. W. Trnroos, P.-O. Norrby, C. R. Unelius, Eur.
J. Org. Chem. 2008, 2008, 59155921

[2] F. Geu-Flores, N. H. Sherden, V. Courdavault, V. Burlat, W. S. Glenn, C. Wu, E. Nims, Y.
Cui, S. E. OConnor, Nature 2012, 492, 138 142.

[3] S. Lindner, F. Geu-Flores, S. Brse, N. H. Sherden, S. E. OConnor, Chem. Biol. (Oxford, U.
K.) 2014, 1452 1456.

[4] Y. Hu, W. Liu, S. R. Malwal, Y. Zheng, X. Feng, T.-P. Ko, C.-C. Chen, Z. Xu, M. Liu, X. Han,
J. Gao, E. Oldfield, R.-T. Guo, Angew. Chem. Int. Ed. 2015, 54, 15478 15482

[5] P. Sakrausky, J. Rehbein, manuscript in preparation
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A typical approach to increase reaction rates and control the chemo or regio selectivity is
the addition of a specific catalyst in the reaction mixture. The catalyst usually interacts
with the substrate and enhances its reactivity and/or modifies the selectivity of the reac-
tion. However, there are other possibilities to control the same features on a reaction at
will, such as the application of oriented external electric fields (OEEF), an approach that
has been studied both experimentally[1] and theoretically.[2,3]

The simulation of the reaction energy barriers under OEEFs is computationally very
demanding since requires the determination of the equilibrium geometries and vibrational
frequencies of the reactants and transition states (TS) at several strengths of the external
electric field. For this reason, it was suggested an approximation to compute the field
dependent energy barriers in terms of the dipole moments of the reactants and T'S and the
strength of the electric field (Eq. 1).[4] Although this approximation is computationally
very efficient, unfortunately its accuracy is sometimes not good enough to predict the
OEFF induced reactivity. We have proposed[5] improving this approach including in the
expansion the linear polarizabilities of the reactants and TS (Eq. 2).

We have studied the electric field induced reactivity of several systems such as the 1,3-
dipolar reaction between diazomethane and 1-methoxyethylene, the Diels-Alder reaction
between cyclopentadiene and maleic anhydride, and [342] cycloadditions between azome-
thine ylides. In some cases, the approximation based only on the dipole moments leads
to reaction barriers with deviations larger than 5 kcal/mol respect to exact values. On
the contrary, the errors in the barriers obtained with our approach are in the range of
0.1-1 kcal/mol. Therefore, our approach is far more reliable and still computationally
very cheap.

AE%(F) = —(urs — us)F Eq(1)

1
AEY(F) = —(urs — ps)F — E(“Ts —ag)F? Eq(2)

Eq 1. Dipolar approach and Eq 2. Our approach for the evaluation of OEEF.

[1] Aragons, A. C. et al., Nature, 2016, 531, 88-91.

[2] Shaik, S. et al., Chem. Soc. Rev., 2018, 47, 5125-5145.

[3] Shaik, S. et al., Nat. Chem., 2016, 8, 1091-1098.

[4] Bhowmick, A. et. al., J. Am. Chem. Soc., 2017, 139, 5793-5800.
[6] Manuscript in preparation.
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pi-bonds are formally defined by the lateral overlap of orbitals on neighbouring atoms maintaining
a nodal plane characterised by zero electron density in the plane perpendicular to the overlap,
containing the nuclei. These bonds may be covalent, as in the simple case of ethylene CHy=CHy,
or dative, as in the Dewar-Chatt-Duncanson model where the pi-retrodonation from a metal center
to a ligand forms a partial pi-bond. However, there is no clear physical basis for determining a
straightforward and unique method to quantify pi-bond.[1] From a chemical point a view, the
presence of a pi-bond between two atoms connected by a pi-bond induces a shortening of the
bond, a stronger binding energy, and the presence of a significant energy barrier to rotate around
this bond. It is not currently clear whether these different features are equivalent to define the
strength of a pi-bond. In this work, we have investigated the pi-bond formed between an N-
heterocyclic carbenes (NHC) and the BHy™ borenium moiety. The NHC-borenium complexes
are known to activate Hy and to catalyse hydrogenation reactions,[2] and their activity has been
shown to be related to their Lewis acidity.[3] Assuming that the strength of the NHC—-BH," pi-
bond modulate the Lewis acidity at the borenium moiety,[4] we have selected a set of 37 NHC for
which the strength of the NHCBH," pi-bonds has been computed. To that end, several empirical
indicators of the pi-bond, including bond length, energy barrier of rotation along the bonding
axis and IR C-B stretching frequency, have been computed using DFT calculations. Furthermore,
several energetic and electronic features of pi-bonds have been computed using NBO, EDA-NOCV
and QTAIM approaches. A thorough comparison of these data allows correlations to be established
only for some of the computed properties, thus making it possible to gain a unified and quantitative
measurement of this fuzzy chemical concept.

Energy of Orbital Deletion (NBO) k)/mol

200

Figure 1: Correlation between Energy of Orbital Deletion computed using NBO
Analysis and pi interaction energy without polarisation computed using ETS-NOCV

[1] J.F. Gonthier, S.N. Steinmann, M.D. Wodrich, C. Corminbouef Chem. Soc. Rev. 2012, 41,
4671-4687.

[2] J.M. Farrell, J.A. Hatnean, D.W. Stephan J. Am. Chem. Soc. 2012, 134, 15728-15731.

[3] P. Eisenberger, B.P. Bestvater, E.C. Keske, C.M. Crudden Angew. Chem. Int. Ed. 2015, 54,
2467-2471.

[4] E. Rezabal, G. Frison J. Comput. Chem. 2015, 36, 564-572.
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Stabilization of sulfur-substituted lithium compounds

Rana Seymen and C. Strohmann
TU Dortmund University

Sulfur-substituted lithium compounds are synthetically of particular interest and are
used in various reactions. Due to their increased configurational stability, they are
also relevant for asymmetric syntheses. For the configurational stability of these sys-
tems the rotation barrier around the C-S-bond is rate-determining. In the example
of benzylphenylsulfide with NN, N’ N’ tetramethylethylenediamine (TMEDA) 1 the
stabilization of the charge by negative hyperconjugation can be observed in the crys-
tal structure. Based on the coordination of 2- pyridylbenzylsulfide with TMEDA 2,
the influence of the additional coordination of the metal on the electronic situation
can be seen. The hyperconjugation is suppressed by the conformation but the metal
is more fixed to the carbon center.
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Figure 1. Crystal structures and racemisation process of sulfur-substituted lithium compounds

[1] A.Basu, S. Thayumanavan, Angew. Chem. 2002, 114, 740-763; Angew. Chem. Int. Ed. 2002,
114, 716-738.

[2] K. Strohfeldt, Dissertation, Universitdt Wiirzburg, 2004.

[3] M. Gerhard, Diplomarbeit, Universitat Wiirzburg, 2008.
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Recent progresses in theoretical investigation on halogen
bonding
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Halogen bond (XB) is a non-covalent interaction [1] that occurs between an elec-
trophilic region, associated with a halogen atom (X) in a molecule, and a nucleophilic
region (B) in another, or the same, molecule according to the scheme R-X: - - B. The
ElectroStatic Potential (ESP) mapped on an isosurface of electron density shows a
positive spot in the region outward the halogen atom along the R-X bond direction
(the so-called sigma hole) and a negative belt around the halogen perpendicular to
R-X. The presence of the sigma hole, able to interact with the nucleophilic region
of B, imposes a linear geometry for the interaction [2]. It was previously reported
that in protein-ligand complexes XB and hydrogen bond (HB) are geometrically
perpendicular and energetically independent on each other [3]. In other words, in
R-X---B---H-R interacting systems the presence of XB does not perturb the ge-
ometry and energy of HB and vice versa. We have however demonstrated that this
is not true when B is the pi-system of benzene, using XCN as XB donors and the
water molecule as HB donor. When R-X and R-H interact on either sides of the ben-
zene ring, we observe in fact an increase of the binding energy of both XB and HB
interactions, suggesting that they cannot be considered independent on each other.
Another aspect here discussed concerns the problem of describing the anisotropy of
the ESP around the halogen atom by means of Molecular Mechanics (MM) force
fields. Traditional approaches, based on atom centred charges, do not allow to re-
produce such anisotropy and then to describe XB. We have proposed a strategy [4,5]
to overcome this limitation, based on the introduction of pseudo-atom(s) properly
placed around the halogen atom, which allows to reproduce the sigma hole and the
full anisotropy of the ESP around the halogen itself, both for the heavier (I and Br)
halogens [4] and for chlorine [5].

[1] Cavallo, G.; Metrangolo, P.; Milani, R.; Pilati, T.; Priimagi, A.; Resnati, G.; Terraneo G. Chem
Rev. 2016, 116, 2478-2601.

[2] S. Kozuch, J. M. L. Martin, J. Chem. Theory Comp. 2013, 9, 1918-1931.

[3] A. R. Voth, P. Khu, K. Oishi, P. S. Ho, Nature Chemistry. 2009. 1, 74-79.

[4] S. Rendine, S. Pieraccini, A. Forni, M. Sironi, Phys. Chem. Chem. Phys. 13, (2011) 19508—
19516.

[5] D. Franchini, F. Dapiaggi, S. Pieraccini, A. Forni, M. Sironi, Chem. Phys. Lett. 2018, 712,
89-94.
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Metal-organic Frameworks (MOFs) as prospective hybrid
materials in optical applications
Sebastian J. Weishaupl, David C. Mayer, Alexander P6thig and Roland A. Fischer

Chair for Inorganic and Metal-Organic Chemistry, Technical University of Munich,
Garching/Germany

Optics, as a branch of physics, deals with the
spreading of light and its interaction with mat-
ter. It can be divided into two sub-fields: lin-
ear optics and nonlinear optics. Linear op-
tics focus on processes, where the intensity of
the output light shows a linear dependency on
the incoming light intensity, whereas in non-
linear optical (NLO) systems this property is
violated.[1] These effects have been studied in
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with  the HATCPE (tetrakis[4-(4- t0 unfavourable inherent properties such as tox-
carboxyphenyl)phenyllethylene) linker icity and restricted tunability of wavelength.[4]
molecule (1-6). (6] Inorganic-organic solid-state hybrid materials
(coordination polymers (CP), metal-organic frameworks) have the great potential
to overcome those problems. One prominent example are their luminescence proper-
ties, since the incorporation of chromophore linker molecules into the solid material
increases the emission properties by reduction of non-radiative energy decay. Addi-
tionally to this significant advantage of MOF's and CPs an uncontrolled aggregation
of chromophores in a highly concentrated solutions leading to fluorescence quench-
ing [5] is prevented while a high chromophore density is enabled. Our group is
focussing on MOFs and their photophysical properties as well as processes of energy
transfer inside the materials. Our approach is to synthesize organic dye molecules
as chromophores, incorporate them in solid-state hybrid materials and investigate
their properties to deepen the understanding towards a structure-photophysical-
property relationship. Recently, we reported different optical active zirconium and
hafnium MOFs (Fig. 1), by incorporating the H4TCPE linker molecule, showing
high two-photon cross section values up to 3600 GM.[6] This renders MOF's a highly

interesting material class to investigate towards applications in photonic research.
[1] R. L. Sutherland, Handbook of Nonlinear Optics, CRC Press, 2003.

[2] A. J. C. Kuehne, M. C. Gather, Chem. Rev. 2016, 116, 12823-12864.

[3] S. A. Veldhuis, P. P. Boix, N. Yantara, M. Li, T. C. Sum, N. Mathews, S. G. Mhaisalkar,
Advanced Materials 2016, 28, 6804-6834.

[4] R. Medishetty, J. K. Zareba, D. Mayer, M. Samoc, R. A. Fischer, Chem. Soc. Rev. 2017, 46,
4976-5004.

[5] Z. Hu, G. Huang, W. P. Lustig, F. Wang, H. Wang, S. J. Teat, D. Banerjee, D. Zhang, J. Li,
Chem. Commun. 2015, 51, 3045-3048.

[6] R. Medishetty, L. Nemec, V. Nalla, S. Henke, M. Samo¢, K. Reuter, R. A. Fischer, Angew.
Chem. Int. Ed. 2017, 56, 14743-14748.
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Since their first synthesis, isolation and characterization in 1991 by Arduengo, the
N-heterocyclic carbene (NHC) compounds have attracted wide interested in the
organometallic and inorganic chemistry community.[1] Their unique stability and
capability to stabilized otherwise unstable compounds have triggered investigations
aiming at tailoring their electronic properties by structural modifications. In this
context, for instance, Bertrand and co-workers have successfully reported the syn-
thesis of the cyclic(alkyl)amino carbene (cAAC) demonstrating their superior stabi-
lization propertied due to their stronger o-donor and m-acceptor properties.[2] The
quest for a broader variety of properties has led to extending such structural varia-
tions on heavier analogues of ylidenes. This has prompted us to explore the origins
of the stabilization and electronic properties on the heavier ylidenes. We have in-
vestigated the energetics, structural data and electronic properties of the series of
ylidenes (Figure 1). In order to gain insight into nature of the main chemical bonds,
we have performed a detailed bonding analysis in the light of Effective Oxidation
States (EOS)[3] and Energy Decomposition Analysis (EDA) in combination with
Natural Orbitals for Chemical Valence (NOCV).[4]

=\ — f_\ [
~N.__N— j:s,i-NaE,Ng{: NN~ NN NN N

Figure 1. Studies series of ylidenes where E= C, Si, Ge, Sn, Pb.

[1] Nesterov, V.; Reiter, D.; Bag, P.; Frisch, P.; Holzner, R.; Porzelt,A.; Inoue, S. Chem. Rev.
2018,118, 9678.

[2] Andrada, D. M.; Holzmann, N.; Hamadi, T.; Frenking, G. Beilstein J. Org. Chem. 2015, 11,
2727.

[3] Ramos-Cordoba, E.; Postils, V.; Salvador, P. J. Chem. Theory Comput. 2015, 11, 1501.

[4] Zhao, L. L.; von Hopffgarten, M.; Andrada, D. M.; Frenking, G. WIREs Comput. Mol. Sci.
2018, 8.

48
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The pentafluoroorthotellurate (F5TeO~) group is a versatile ligand for the stabi-
lization of inorganic compounds in high oxidation states. The properties of the
F5TeO~group high electronegativity comparable to that of fluorine, charge delocal-
ization, robustness against electrophiles, and high sterical demand lead to a great
variety of unique pentafluoro-orthotellurates.[1-4] We report the synthesis and char-
acterization of the novel weakly coordinating anion[5] [Al(OTeF5)4]~ as counterion
for alkali metal and reactive p-block cations as well as about a conjugated Brgnsted
superacid.

Figure 1. Molecular structure of the weakly coordinating anion [Al(OTeF5)4] obtained from
X-ray crystal structure analysis of [PPhy][Al(OTeFs5)4]

. H. Strauss, Chem. Rev. 1993, 93, 927.

. Seppelt, Angew. Chem. Int. Ed. 1982, 21, 877.

H. P. A. Mercier, J. C. P. Sanders, G. J. Schrobilgen, J. Am. Chem. Soc. 1994, 116, 2921.

D. M. Van Seggen, P. K. Hurlburt, O. P. Anderson, S. H. Strauss, Inorg. Chem. 1995, 34, 3453.
A. Wiesner, T. Gries, S. Steinhauer, H. Beckers, S. Riedel, Angew. Chem. Int. Ed., 2017, 56,
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The aromaticity term is associated with cyclic molecular systems with a certain spa-
tial and electronic structure that causes electron delocalization, providing enhanced
stability. The quintessential example of aromatic molecules is benzene and its deriva-
tives. However, there are plenty of other interesting examples, with a large variety
of aromaticity types and shapes. Some particular examples are; Chichibabins oligo-
p-phenylenes, their cyclic version cyclo-p-phenylenes (CPPs), and different types of
porphyrins. Some derivatives of the latter three examples can be stable in radicalary
and /or cationic forms, which have many potential applications for electronic devices.
[1-3] Here, we are particularly interested in the study of its highly tunable electronic
character depending on the elongation of the m-system, the spin and the exocyclic
substituents, as well as the different classes of aromaticity that they present depend-
ing on its linear or circular shape (Figure 1). To do so, the systems were treated
at DFT level of theory and posteriori analyzed by means of several aromaticity de-
scriptors including NICS, FLU, AVmin, AV1245 and EDDB, between others.[4] Our
results allow to determine the role of the aromaticity on the stability of the systems
and characterize the different aromatic pathways present in the molecules.

Figure 1. Schematic representation of linear and circular forms of polyphenylene and the proposed
aromatic circuits.

[1] C. Jiang, Y. Bang, X. Wang, X. Lu, Z. Lim, H. Wei, S. El-Hankari, J. Wu and Z. Zeng, Chem.
Commun., 2018, 54, 2389-2392.

[2] E. kayahara, T. Kouyama, T. Kato, S. Yamago, J. Am. Chem. Soc., 2016, 138, 338-344.

[3] I. Casademont-Reig, T. Woller, J. Contreras-Garcia, M. Alonso, M. Torrent- Sucarrat, E.
Matito, Phys. Chem. Chem. Phys., 2018, 20, 2787-2796.

[4] D. Szczepanik, M. Andrzejak, J. Dominikowska, B. Pawetek, T. M. Krygowski, H. Szatylowicz,
M. Sola, Phys. Chem. Chem. Phys., 2017, 19, 28970-28981.
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A decade ago FeSh, was shown to possess the largest thermoelectric power factor ever
observed making it highly interesting for low temperature cooling applications [1].
Unfortunately, the thermal conductivity proved too large to obtain a significantly
high thermoelectric figure of merit to initiate commercial applications. However,
the diamagnetic FeSb, exhibits other exotic physical properties such as Kondo in-
sulating behavior at low temperatures. The origin of the extraordinary transport
properties is still not well understood, and the chemical bonding in this archetypical
marcasite structure has been debated since the 1960s. The chemical bonding has
been described both as mainly ionic and mainly covalent, and neither picture fully
explains the measured properties of FeSb,.

Therefore, an X-ray charge density study has been conducted based on measure-
ments at ~ 15 K at both SPring8 and APS. So far, only the APS data has been
used as basis for multipole modelling and topological analysis of the electron density
aided by DFT calculated densities. Neither the extra bond implied by the covalent
picture nor the large formal charge on iron from the ionic picture are observed exper-
imentally nor theoretically. In fact, it appears that iron is negatively charged while
the octet of antimony is not met contrary to common chemical intuition. Never-
theless, aspects of the ionic model are still valid when reconsidering the d-orbitals
involved together with the geometrical relation between Fe and Sb.

[1] A. Bentien, S. Johnsen, G. K. H. Madsen, B. B. Iversen and F. Steglich, Colossal Seebeck
coefficient in strongly correlated semiconductor FeSb2, EPL, vol. 80, p. 17008, 2007.

51

P51



P52

The role of the electrostatic interactions in complexes of
IFIT proteins with RNA

Urszula A. Budniak and Paulina M. Dominiak

Biological and Chemical Research Centre, Department of Chemistry, University of
Warsaw, ul. Zwirki i Wigury 101, 02-089 Warszawa, Poland

The aim of my project is to characterize electrostatic interactions in selected com-
plexes of IFIT1 and IFIT5 proteins with RNA. IFITs (Interferon-induced proteins
with tetratricopeptide repeats) are effectors of innate immune system, which are ex-
pressed in cells infected by viruses. By binding foreign RNA they prevent synthesis
of viral proteins in human host cell. IFIT1, IFIT2 and IFIT5 bind different forms
of RNA (with triphosphate group or cap at 5 end of RNA), however literature data
are not consistent about selectivity of IFITs protein and their preferred RNA forms.
Electrostatic energy usually has the most significant contribution to interaction en-
ergy and can be calculated for large complexes, thus it is a perfect tool for estimating
interaction energy in biomacromolecules. One of the more advanced methods to cal-
culate this energy is University at Buffalo Pseudoatom DataBank (UBDB) together
with Exact Potential Multipole Method (EPMM). UBDB enables reconstruction of
charge density for macromolecules in quantitative manner. By UBDB+EPMM ap-
proach, which takes also charge penetration effects into account, it is possible to com-
pute electrostatic energies with similar accuracy as with quantum chemistry meth-
ods.

Calculations of energy will be based on the
structures of IFIT5 and IFIT1 proteins de-
posited in PDB. I want to verify the hypothe-

sis of the lack of influence of RNA sequence on )
interaction energy in IFIT-RNA complexes in- e
vestigating IFIT5-pppRNA complexes. More- \\X‘ .
over I will examine how modifications at 5’ -

end of RNA alter interaction strength. Cal-

culated interaction energies will be compared

With dissociation cggstants of complexes from Figure 1. Electrostatic potential of olig-
literature. ~ Describing the nature of IFIT (RNA pppCCCC with Mg (H20)3 (e
proteins interaction can help to expand our Bohr-1) mapped on the isosurface (0.002 e
knowledge about mechanism of selective bind- Bohr-3) of electron density reconstructed
ing RNA and how human immune system rec- With the UBDB databank.

ognizes and destroys viruses.

Project was financed from the grant PRELUDIUMI11 of National Science Centre,
Poland nr 2016/21/N/ST4/03722.

[1] Abbas, Y. M. et al. (2013) Nature 494(7435):60-64.
[2] Jarzembska, K. N. & Dominiak, P. M. (2012) Acta Cryst. A68, 139147.
[3] Volkov A et al. (2004) Chem. Phys. Lett. 391, 170175.
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Chloranilic acid (I) is a quinoid compound with motley chemical behaviour: it is a
good ligand, proton donor and acceptor, and capable of forming remarkably strong
m-interactions. Stacks of chloranilate rings, face-to-face or offset, systematically
arise from those m-interactions in the crystal phase.[1] We have obtained crystals
of chloranilic acid (I), of its monoanion (II) and its dianion (IIT) with alkali metals
as counter-ions. Simultaneously, we prepared two complexes in which chloranilate
moiety acts as a bridging (IV) and terminal (V) ligand. Subsequently, we exam-
ined charge density distributions in these compounds to establish what gives rise to
their disparate geometries and observable properties.[2] We used topological anal-
ysis of experimental and theoretical charge density to characterise atom and bond
properties in the investigated compounds. We also compared the findings to those
of similar compounds with nitranilate anions.[3] Electron density at bond critical
points and calculated mapping of electrostatic potential reveal delocalization effects
present in compounds (II-IV), a p-quinone structure of the chloranilic acid (I) and
an o-quinone structure of the complex (V). This is consistent with previous evidence
from IR spectroscopy.[4]

Figure 1. Malleability of chloranilate electron structure

[1] Mol¢anov, K. et al. CrystEngComm 13, 4211 (

[2] Mol¢anov, K. et al. CrystEngComm 17, 8645 (2015).
[3] Moléanov, K. et al. CrystEngComm 19, 3898 (2017).
[4] Mol¢anov, K. et al. Dalton Trans. 43, 7208 (2014).

2011).
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The X-ray free electron lasers can enable diffractive structural determination of pro-
tein nanocrystals and single molecules that are too small and radiation-sensitive for
conventional X-ray diffraction. However the electronic form factor may be modi-
fied during the ultrashort X-ray pulse due to photoionization and electron cascade
caused by the intense X-ray pulse. For general X-ray imaging techniques, the min-
imization of the effects of radiation damage is of major concern to ensure reliable
reconstruction of molecular structure. Here we show that radiation damage free
diffraction can be achieved with atomic spatial resolution by using X-ray parametric
down-conversion and ghost diffraction with entangled photons of X-ray and optical
frequencies. We show that the formation of the diffraction patterns satisfies a con-
dition analogous to the Bragg equation, with a resolution that can be as fine as the
crystal lattice length scale of several Angstrom. Since the samples are illuminated
by low energy optical photons, they can be free of radiation damage.

Figure 1. Proposed layout for two-color two-photon ghost diffraction using entangled X-ray and
optical photon pairs

[1] J. Phys. B: At. Mol. Opt. Phys. 51, 025503 (2018)
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The hydrogen is present in most of the molecules in living things.[1] It is very
reactive and forms bonds with most of the elements by terminating their valences
and enhancing their chemistry. X-ray diffraction being the common method for
structure determination depends on scattering from electron density and remains
elusive to hydrogens having one electron. Generally, neutron diffraction data is
used to determine the accurate position of hydrogens. However, the demands for
larger single crystals (>1mm3), the costly maintenance of neutron sources are the
bottleneck for every researchers reach.
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Figure 1. Comparison of the X-H bond distances from X-ray and neutron data refinement at 0.80
resolution for the selected 81 structures.

The use of TAAM (Transferable Aspherical Atom Model) instead of TAM (Inde-
pendent Atom Model) in the structure refinement against X-ray data seemed to be
a possible solution which largely improved the X-H bond lengths and made them
comparable to average neutron bond lengths.[2] However, the method was limited
to specific users due to complexity in its application. A new method called Hirsh-
feld Atom Refinement (HAR) was introduced and the general applicability of HAR
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in accurate and precise estimation of the X-H bond lengths in small molecule was
shown by Woinska et. al.[3]. However, the computation cost for HAR is much higher
than the TAAM refinement.

The applicability of TAAM in determining the X-H bond lengths with accuracy
comparable to neutron data was reinvestigated on the 81 organic molecule high
resolution datasets used by Woinska et. al. The emphasis was given to make the
TAAM refinement user-friendly and provide a general solution for determination
of X-H bond lengths for a routine X-ray data at dmin < 0.83 A. In this line, a
new software implementation called DiSCaMB, densities in structural chemistry
and molecular biology, has been developed to facilitate integration of the aspheri-
cal atom model into a wide range of refinement programs commonly used in X-ray
crystallography for small and macro-molecules.[4] The structures were refined using
TAAM via DiSCaMB integrated with Olex2 and the X-H bond lengths thus ob-
tained are categorized and compared with the averaged neutron lengths as defined
by Allen and Bruno.[5] The model related statistics comparison between IAM, HAR
and TAAM will be highlighted.

Support of this work by the National Centre of Science (Poland) through grant
OPUS No.UMO-2017/27/B/ST4/02721 is gratefully acknowledged.
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