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3 workshop on benchmarking solid state properties
@ BEST-CSP Lisbon, July 16-17, 2026

Foreword

On behalf of the Organizing Committee, it is my pleasure to welcome you to the 3™ Workshop on
Benchmarking Solid-State Properties, organized within the framework of COST Action CA22107
— BEST-CSP: Bringing Experiment and Simulation Together in Crystal Structure Prediction.

This year’s workshop brings together more than 120 registered participants from over twenty
countries. This Book of Abstracts includes more than 60 contributions, comprising keynote
lectures, flash presentations, and posters.

The program has been designed to support the assessment of the progress achieved within the
BEST-CSP Action. Accordingly, particular emphasis has been placed on presentations by the
Working Group leaders and trackers, while also providing opportunities for keynote, flash, and
poster contributions. A highlight of the meeting will be the presentation of the first results from the
Physical Properties Blind Test, coordinated by the Cambridge Crystallographic Data Centre
(CCDC). These results are expected to contribute to the identification of key directions for
improving theoretical predictions of crystal structures and properties of novel functional materials,
as well as to the definition of suitable experimental protocols for generating benchmark data
against which theoretical results can be tested.

Finally, | would like to thank CIENCIAS ULisboa, FCiéncias.ID, and all our sponsors for their
generous support of this meeting. | am also grateful to everyone involved in the organization for
their invaluable contributions, to the invited speakers for kindly accepting our invitation to deliver
keynote lectures, and to all participants, who are the true reason for this workshop.

Manuel Minas da Piedade
Workshop Chair
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Timeline of BEST-CSP Workshops

Date Venue

| 2024 (September 9-11) University of Warsaw, Biological and Chemical Research Centre
Il 2025 (September 10-11) University of Bologna, Polo Navile
I 2026 (July 16-17) University of Lisbon, Faculty of Sciences
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Venue

The 3" workshop on benchmarking solid state properties (3WBSSP)
will be located at the Faculty of Sciences of the University of Lisbon
(FCUL). Registration and all oral presentations as well as WG and
core group meetings will be held at the C3 Building. Posters, coffee
breaks, and meals will take place at the C6 building. The MC meeting
will be in the FC.ID amphitheater of the C1 building.

The FCUL campus can be easily accessed:

Arriving by plane

From the airport take the METRO (Red line - Linha Vermelha) and
change at ALAMEDA for the Green line (Linha Verde) in the direction
of TELHEIRAS and get off at CAMPO GRANDE station (~30min + 5
min walk to the meeting).

Taxi is also a good option (takes 15-20 minutes).

Arriving by train

If you arrive by train from a European country, you will get off at GARE
DO ORIENTE station. There take the METRO line and change at
ALAMEDA for the Green line (Linha Verde). Get off at CAMPO
GRANDE (5 min walk to the meeting).

Arriving by car
Take the 22 Circular to Campo Grande / Cidade Universitaria. Parking
information: public pay-and-display car parks nearby.

Arriving from other parts of Lisbon

From other parts of Lisbon, we particularly recommend the use of
public transportation. Buses stopping at FCUL: 7, 21, 31, 35, 36, 47,
64, 78, 83, 106, 108, 701, 738, 745, 750, 755, 767, 768, 777.
Nearest METRO stations: Campo Grande (Green and Yellow lines)
and Cidade Universitaria (Yellow line). Buses: www.carris.pt/; Metro:
www.metrolisboa.pt/eng.




S 3 workshop on benchmarking solid state properties
BEST-CSP Lisbon, July 16-17, 2026

Campus Map

Cidade
Universitaria

Faculdade Faculdade
de de

Direito Letras

;To registration ," 7o posters
« | andtalks A and meals

To registration
and talks

Google Maps Link: https://maps.app.goo.gl/zzggX8W6QYLNh9UaA
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Thursday 16 July
08:00 - 09:00 Registration
09:00 - 09:15 Workshop Opening
KO1. Herma M. Cuppen
. . Radboud University
09:15-09:50
To Jump or not to jump that is the question
Chair: Sally Price
. Presentations by Trackers
09:50 ~10:20 Chair: Ivo Rietveld
10:20 - 11:10 Coffee Break and Poster Session
1110 — 12:10 Working Group Leaders Presentations (WG1 - WG4)
' ' Chair: Doris Braun
1210 — 12:50 Discussion of Working Group Leaders’ Presentations
' ' Chair: Doris Braun
12:50 - 14:15 Group photo and Lunch Break
KO2. Steven P. Brown
1415 — 1450 University of Warwick
' ' NMR crystallography of pharmaceutical solids
Chair: Martin Dracinsky
14-50 — 15:20 Working Group Leaders Presentations (WG5 — WG6)
' ' Chair: Doris Braun
15:20 — 15:40 Discussion of Working Group Leaders’ Presentations
' ' Chair: Doris Braun
Mafalda P. Basto
FCiéncias.ID
15:40 - 16:00 From COST networking to competitive funding: opportunities for the
BEST-CSP community
Chair: Filomena Martins
ST01.Y. Zhang
XtalPi Inc., Shenzhen Jingtai Technology Co., Ltd.
16:00 - 16:10 From crystal structure prediction to solid-form decision making: integrated
computation for pharmaceutical development
Chair: Filomena Martins
16:10 - 18:30 Coffee Break and Poster Session
17:00 - 18:30 Management Committee Meeting
18:45 Dinatoire
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Thursday 17 July

08:00 — 09:00 Registration

K03. Gustavo Santiso-Quifiones
Eldico Scientific AG
Seeing what X-rays miss: (automateq) electron diffraction and its growing
role in (pharmaceutical) solid state characterization
Chair: Anna Hoser

Flash Presentations
Chair: Carlos Bernardes

Coffee Break and Poster Session

Working Group Meetings
WG1-Xray diffraction: Room 3.2.13
WG2-Calorimetry and WG4-Other methods: Room 3.1.11
WG3-Crystallization: Room 3.2.15
WG5-Theoretical calculations: Room 3.2.14
WG6- Data assessment: Room 3.2.16

Lunch Break
K04. Gérard Coquerel

Université de Rouen Normandy
Spontaneous emergence of chirality and transfer of chirality by using
crystallization
Chair: Ermelinda Eusébio
KO05. Jonas Nyman
Cambridge Crystallographic Data Centre
The physical properties blind test
Chair: Luca Russo

09:00 - 09:35

09:35-10:50

10:50 - 12:00

12:00 - 13:00

13:00 - 14:15

14:15-14:50

14:50 - 15:20

16:20 - 16:15

Coffee Break and Poster Session

16:15-17:30

17:30 - 18:00
18:00 - 19:00

Round Table Discussion
Chair: Ivo Rietveld

Workshop Closing
Core Group Meeting

Unless otherwise stated, all lectures will be presented in room 3.2.14.

Links for Lectures Meetings

Lectures:
https://teams.microsoft.com/meet/31406846381917?p=Dpon36kbc3ntkzOctE

Working Group Meetings:

WG1: https://teams.microsoft.com/meet/350695945729785?p=vxSJppAGnchhQEOKc3
WG2/WG4: https://teams.microsoft.com/meet/331190278047822?p=slZxoyn75MR9euRITO
WG3: https://teams.microsoft.com/meet/313317120252953?p=vOFWO0C0soxanGY7qgpK
WG5: https://teams.microsoft.com/meet/314068463819177?p=Dpon36kbc3ntkzOctE

WG6: https://teams.microsoft.com/meet/39369447573932?p=zYWAUREY2i25rAH5R8

Management Committee Meeting:
https://teams.microsoft.com/meet/38257363130549?p=30iXSGurzNbwvRzHFG


https://teams.microsoft.com/meet/31406846381917?p=Dpon36kbc3ntkzOctE
https://teams.microsoft.com/meet/350695945729785?p=vxSJppAGnchhQE0Kc3
https://teams.microsoft.com/meet/313317120252953?p=v9FW0C0soxanGY7qpK
https://teams.microsoft.com/meet/31406846381917?p=Dpon36kbc3ntkzOctE
https://teams.microsoft.com/meet/39369447573932?p=zYWAUREY2i25rAH5R8
https://teams.microsoft.com/meet/38257363130549?p=30iXSGurzNbwvRzHFG

Keynote Lectures
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KO1 To Jump or not to jump that is the question

H. M. Cuppen

Institute for Molecules and Materials, Radboud University, Heyendaalseweg 135, 6525 AJ Nijmegen,
The Netherlands;

Email: h.cuppen@science.ru.nl

Mechanically responsive molecular crystals can reversibly change shape in response to external
stimuli, and they offer great potential for applications as actuators and sensors. Particularly interesting
are thermosalient crystals, which are crystals that jump or leap upon heating or cooling due to a
thermally induced single-crystal-to-single-crystal (SCSC) phase transition. Several cases of jumping
crystals have been reported in the literature, but a mechanistic understanding of the underlying phase
transition is lacking.

| will show how a combination of experimental and computational studies can help gain a better
understanding of the underlying mechanism of the thermosalient behavior and find the reaction
coordinate that describes the transition. We can then utilize this knowledge by stimulating this reaction
coordinate to photoinduce the transition.
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KO2 NMR crystallography of pharmaceutical solids

S. P. Brown

Department of Physics, University of Warwick, Coventry CV4 7AL, U.K
Email: S.P.Brown@warwick.ac.uk

An NMR crystallography approach that combines magic-angle spinning (MAS) NMR experiments with
DFT calculation is applied to characterize two active pharmaceutical ingredients, Lorlatinib' and
Ritlectinib?. Specifically, N-'H heteronuclear multiple-quantum coherence (HMQC)?® and 'H-'H
double-quantum (DQ) single-quantum (SQ) correlation experiments are presented at a 'H Larmor
frequency of up to 1 GHz and a MAS frequency of up to 60 kHz. A full assignment of the 'H and "*C
chemical shifts is achieved using also "H-"*C cross polarization (CP) HETCOR spectra. A particular
focus is on probing key hydrogen bonding interactions that drive the adopted molecular packing in a
specific polymorph. GIPAW calculations of chemical shifts for 'H, *C, "1°N and '°F as well as of electric
field gradients for N complement the MAS NMR experiments. The resolution enhancement achieved
at 150 kHz MAS for roxithromycin is also presented.

References

1. Z.Rehman, W. T. Franks, B. Nguyen, H. Frericks-Schmidt, G, Scrivens, S. P. Brown J. Pharm. Sci. 2023, 112, 1915-1928.
2.Z.Rehman, J. Lubay, W. T. Franks, A. P. Bartok, E. K. Corlett, B. Nguyen, G. Scrivens, B. M. Samas, H. Frericks-Schmidt,
S. P. Brown Faraday Disc. 2025, 255, 222-243.

3. B. P. Tatman, H. Modha, S. P. Brown J. Magn. Reson. 2023, 352, 107459.
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KO3 Seeing what X-rays miss: (automated) electron diffraction and its
growing role in (pharmaceutical) solid state characterization
G. Santiso-Quinones, D. Stam

Eldico Scientific AG, Switzerland
Email: santiso@eldico.ch

Following its Science Breakthrough of the Year nomination in 2018," electron diffraction (3D ED /
MicroED, here referred to as ED) has emerged as a transformative method for solid-state
characterization in both research and industry.? ED addresses many of the same application areas as
X-ray powder diffraction (XRPD) and single-crystal X-ray diffraction (SC-XRD), while offering a key
advantage: the ability to determine structures from nanometer-sized crystals within minutes.

The rapid growth? in structures solved by ED is driven in part by the availability of dedicated commercial
instrumentation, such as the ELDICO ED-1.# Its instrument design and expanded sample environment
enable automation, making ED increasingly accessible to non-specialist users.

We will present the fundamentals of ED and compare it with X-ray diffraction techniques, highlighting
similarities and key differences. Selected case studies will be presented, with a focus on
pharmaceutical applications where ED already demonstrates clear advantages over conventional X-
ray methods.® Furthermore, automated ED workflows will be showcased, emphasizing the recent
discovery of a new polymorph in a century-old drug, Dapsone (Figure 1).°

700 crystals analyzed in < 24 hours

p B.. .,.(,r:-"{ PO -
Tty
| xvr&

Figure 1. Automatic ED finds a NEW polymorph in a 100-year-old drug compound.

References

1. T. Gruene, J. T. C. Wennmacher, C. Zaubitzer, J. J. Holstein, J. Heidler, A. Fecteau-Lefebvre, S. De Carlo, E. Miller, K. N.
Goldie, I. Regeni, T. Li, G. Santiso-Quinones, G. Steinfeld, S. Handschin, E. Van Genderen, J. A. Van Bokhoven, G. H. Clever,
R. Pantelic Angew. Chem. Int. Ed. 2018, 57, 16313-16317.
(https://vis.sciencemag.org/breakthrough2018/finalists/#rapid-structure)

2. T. Gruene, E. Mugnaioli Chem. Rev. 2021, 121, 11823-11834.

3. CCDC, April-2025: number of published structures ~600. Exponential increase since 2018. The total number, end 2025,
should be close to = 700.

4. P. Simoncic, E. Romeijn, E. Hovestreydt, G. Steinfeld, G. Santiso-Quinones , J. Merkelbach Acta Cryst. E 2023, 79, 410-
422.

5. Personal selected (short) list of publications: (a) P. Sieger, U. Werthmann, S. Saouane Eur. J. Pharm. Sci. 2023,786,
106447; (b) I. B. Rietveld, F. Painsecq, C. Jand, D. Stam, G. Coquerel Cryst. Growth Des. 2024, 24, 5893-5897.

6. G. Santiso-Quinones, D. Braun et. al., manuscript in preparation.
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K04 Spontaneous emergence of chirality and transfer of chirality by using
crystallization

G. Coquerel
SMS UR3233 Université de Rouen Normandy 76821 Mt St Aignan cedex FRANCE
Email: gerard.coquerel@univ-rouen.fr

After a brief recall of: (i) relationships between chirality and dimension of space (ii) the different types
of chirality, this lecture will focus on 3D chiral discrimination in the solid state' and the applications of
crystallization to: (i) symmetry breaking (ii) transfer of chirality.

A small and local enantiomeric excess can spontaneously emerge and also amplifies so that a
macroscopic system will end up as enantiopure. The mechanisms by which a system evolves towards
100 e.e. can be quite diverse: very far from thermodynamic equilibrium or very close to thermodynamic
equilibrium. The open questions which are puzzling the community of researchers in this domain will
be detailed.??

Supramolecular chirality can induce an enantioselective crystallization of genuine chiral molecules. The
reverse proposition is also true. This means that a system composed of different molecules, including
prochiral molecules exhibiting supramolecular chirality in the solid state, could evolve synergistically
towards homochirality. Those preliminary results open a wide avenue for future research.

References

1. G. Coquerel Chiral Discrimination in the Solid State; Applications to Resolution and Deracemization in Advances in Organic
Crystal Chemistry: Comprehensive Reviews 2015, R. Tamura, M Miyata Eds, SBN 978-4-431-55554-4, p 393-420, chapter
20.

2. S. van Dongen, J. Maeda, B. Kaptein, P. Cardinael, A. Flood, G. Coquerel, W. Noorduin J. Am. Chem. Soc. 2025, 147,
38508-38515.

3. H. S. Chai, I. H. Oh, B. Zhang, G. Coquerel, W. -S. Kim, B. J. Park, J. Phys. Chem. Lett. 2024, 15, 4367-4374.
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KO5 The physical properties blind test

J. Nyman
The Cambridge Crystallographic Data Centre, United Kingdom
Email: jnyman@ccdc.cam.ac.uk

How reliably can computational chemistry predict physical properties of molecular crystals when the
experimental values are unknown? The BEST-CSP Physical Properties Blind Test addresses this
question by comparing blind computational predictions against newly measured reference data for 11
crystal structures of 10 organic compounds.

Eleven computational teams in WG5 submitted predictions using methods ranging from force fields
and DFT to machine-learned potentials, with finite-temperature behavior treated mainly by quasi-
harmonic lattice dynamics or molecular dynamics.

A large number of BEST-CSP members have very generously worked on ten compounds to measure
57 well-defined experimental observables: finite-temperature lattice parameters and cell volumes,
linear and volumetric thermal expansion coefficients, specific vibrational frequencies, solid-state NMR
chemical shifts, heat capacities, melting temperatures, sublimation and fusion enthalpies. The
experimental data were collected from single-crystal and powder X-ray diffraction, FTIR and Raman
spectroscopy, solid-state NMR, DSC, and calorimetry.

This talk will summarize the motivation and design of the benchmark, the experimental work to
determine the reference data, and the main lessons emerging from the submissions. Particular
attention will be given to the roles of thermal expansion, anharmonicity and vibrational-mode
assignment. The goal is not to rank teams, but to collaboratively identify which properties of crystals
we can predict, and where current methods fail. This blind test should also contribute to how future
benchmarks are performed, and the ultimate goal of improving ab initio predictions of novel molecular
materials and their properties.

13
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From COST networking to competitive funding: opportunities for the BEST-CSP
community

Mafalda Pinto Basto

FCiéncias.ID, Portugal
Email: candidaturas|D@fciencias-id.pt

The COST Action CA22107 “Bringing Experiment and Simulation Together in Crystal Structure
Prediction” (BEST-CSP) provides an interdisciplinary framework connecting researchers working
across crystal structure prediction and related experimental, computational and data-driven
approaches. In addition to its networking value, the Action also offers a strong basis for the
development of new collaborative funding opportunities.

This contribution briefly presents the role of the FCiéncias.ID Pre-Award Office in supporting the
identification, strategic positioning, preparation, and submission of international applications and
highlights funding opportunities that may be relevant to the BEST-CSP community. Particular attention
is given to Horizon Europe and related European instruments. The session encourages participants to
consider the COST network not only as a platform for scientific exchange, but also as a starting point
for proposal development and competitive project funding.

15
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STO1  From crystal structure prediction to solid-form decision making:
integrated computation for pharmaceutical development

Y. Zhang, Z. Yang, Z. Wen, L. Fang, Z. Li, S. Ruan, G. Sun

XtalPi Inc., Shenzhen Jingtai Technology Co., Ltd., Shenzhen, 518000, China
Email: yizu.zhang@xtalpi.com

Solid-form selection remains a central challenge in pharmaceutical development because molecular
crystals can occupy complex landscapes of polymorphs, salts, cocrystals, hydrates, solvates,
amorphous states, and partially ordered phases. XtalPi integrates crystal structure prediction (CSP),
finite-temperature free-energy evaluation, virtual multicomponent screening, crystallization tendency
analysis, morphology prediction, molecular dynamics, MicroED, and experimental feedback to support
solid-form discovery and development decisions. CSP and free-energy calculations map
thermodynamically feasible crystal landscapes, while virtual coformer screening and morphology
prediction connect molecular packing with experimentally actionable risks in cocrystal formation and
particle properties.

This integrated workflow is designed to bridge thermodynamic prediction and experimental
accessibility. In a recent PRMT5 inhibitor case study, CSP and crystallization tendency analysis
matched experimentally observed anhydrous forms, guided targeted polymorph screening, and
rationalized why a kinetically favored form crystallized from solution despite not being the global free-
energy minimum.” Computation is also valuable when solid-state characterization is ambiguous. For
avibactam tomilopil Form 1, CSP, temperature-dependent molecular dynamics, thermalized PXRD
comparison, and morphology prediction helped identify the material as a rare thermotropic condis
crystal mesophase rather than a simple crystalline/amorphous mixture, while also explaining its flake-
like morphology.?

Together, these examples show how XtalPi's solid-state computation platform moves beyond
retrospective interpretation toward prospective decision support. By combining physics-based
simulation, machine learning, structural characterization, and targeted experimental design, the
workflow accelerates solid-form selection, prioritizes high-value experiments, evaluates latent
polymorph risks, and connects crystal structures to development-relevant properties such as stability,
crystallizability, morphology, solubility, and manufacturability.

References

1.Y. Zhou, Y. Zhang, Z. Song, X. Liu, J. Yao, Q. Zeng, G. Sun, M. Li, Z. Yang, L. Ma Cryst. Growth Des. 2026, 26, 3388-
3399.

2. K. DeBoyace, M. S. Sadeghi, E. L. Buckle, M. Puzan, G. P. F. Wood, K. Suszynski, B. Samas, A. A. Thorat, J. Quino, Z.
Yang, G. Sun, M. A. Bellucci Cryst. Growth Des. 2025, 25, 8522-8535.
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PFO1 The elusive proton: disorder or quantum delocalization?
M. Dracinsky," S. Chalupna,? J. Sto¢ek,' J. Blahut,” M. Hugak?

" Institute of Organic Chemistry and Biochemistry, Flemingovo nam. 2, 16000 Prague, Czech Republic
2 University of Chemistry and Technology, Technicka 5, Prague, Czech Republic
Email: dracinsky@uochb.cas.cz

Accurate localization of hydrogen atoms in short hydrogen bonds remains a major challenge in X-ray
crystal structure analysis, particularly for systems close to the salt—cocrystal boundary. We combine
Hirshfeld atom refinement (HAR) of X-ray diffraction data with solid-state NMR spectroscopy and
periodic density functional theory (DFT) calculations to investigate hydrogen bonding in molecular
crystals featuring short O—H---N and N—H---O contacts.

Because of its small mass, the hydrogen atom exhibits intrinsically quantum-mechanical behavior, and
nuclear quantum effects (NQEs)—including zero-point motion, nuclear delocalization, and tunneling—
can play a decisive role in determining its structural and spectroscopic properties. Despite their
importance, NQEs are not explicitly included in most standard computational approaches. One route
to incorporating quantum nuclear motion is provided by formalisms based on Feynman’s path-integral
methodology.

We identified a series of molecular crystals with short intermolecular hydrogen bonds, including several
systems containing pharmaceutical compounds. In some cases, the proton is delocalized between
donor and acceptor atoms, forming a hydrogen-bonding continuum motif.’ In addition, we revisited
29 structures previously reported to exhibit hydrogen-atom disorder and redetermined their crystal
structures. In all experimentally accessible cases, HAR refinements converged without invoking
disorder and yielded proton positions fully consistent with independent solid-state NMR measurements.
Our results demonstrate that hydrogen-atom positions in short hydrogen bonds arise from a subtle
interplay between shallow potential-energy surfaces and nuclear quantum effects, underscoring the
value of combining complementary experimental and computational techniques in quantum
crystallography.

Acknowledgements: This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic through
the Inter-COST program (ID: LUC24101).

References

1. J. Stogek, O. Socha, I. Cisafova, T. Slanina, M. Dradinsky J. Am. Chem. Soc. 2022, 144, 7111-7116.

2. J. Blahut, J. Stocek, M. Sala, M. Draginsky J. Magn. Reson. 2022, 345, 107334,

3. J. Stocek, J. Blahut, S. Chalupnd, J. Cejka, S. Sté&panova, V. Kasicka, M. Hugak, M. Draginsky Chem. Eur. J. 2024, 30,
€202402946.
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PFO2 Solubility and solid-state behavior of metacetamol in pure and mixed

solvents

L. G. Arantes,"? A. A. Okuma,? P. Brandao,® J. A. P. Coutinho,®> M. A. R. Martins,’
O. Ferreira,’ S. P. Pinho'

" CIMO, LA SusTEC, Instituto Politécnico de Braganca, Campus de Santa Apoldnia, 5300-253
Braganca, Portugal

2 Dept. of Chemistry, Federal Center of Technological Education of Minas Gerais, Campus |, Amazonas
Avenue, 5253, Belo Horizonte, MG, CEP: 30.421-169, Brazil

3 CICECO — Aveiro Institute of Materials, Department of Chemistry, University of Aveiro, 3810193
Aveiro, Portugal

Email: luizaaarantesg@gmail.com

The study of drug solubility in different solvents, as well as their thermal behavior and crystalline
structure, plays a crucial role in pharmaceutical development.

This work investigates the properties of metacetamol, an isomer of the well-known and widely used
paracetamol, which has been scarcely studied in the literature.”? Solubility was determined in pure
water and in common organic solvents (ethanol, ethyl acetate, and acetone) over the temperature
range of 298.15 to 323.15 K using the gravimetric method — Figure 1. Additionally, solubility was
measured in binary solvent mixtures (ethanol + water, acetone + water, and ethanol + acetone) across
the full composition range (mole fractions of 0.2, 0.4, 0.6, and 0.8).

The solid phases in equilibrium were characterized by PXRD and NMR to investigate possible
polymorphism and assess stability. In all systems studied, solubility increased with temperature,
indicating that the dissolution processes are endothermic. Furthermore, preliminary structural
characterization suggests that metacetamol does not undergo any solid-state transformation under the
studied conditions.

B Water
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A Acetone P x

*

Solubility / w

A

290 300 310 320 330
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Figure 1. Solubility of metacetamol in pure solvents at different temperatures.
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Pyrazinamide and picolinamide are related molecules, both being aromatic nitrogen bases. Particularly
the first is of great pharmacological interest.

Four polymorphs of pyrazinamide are clearly distinguished in the published literature.’ The most
accepted order of stability in terms of temperature is & < a <y, with some evidence for form {3 to be the
most stable at very low temperatures. Still, each polymorphs’ exact temperature domains of stability
remain unclear, due to large transition hysteresis related to kinetic hindrances.? This work will attempt
to shed light on these matters beyond the calorimetric and X-ray experiments that hitherto were not
sufficient to elucidate, using temperature-controlled slurry experiments conducted for extended
equilibration times with polymorph identification by FTIR-ATR.

Regarding the analogous compound picolinamide, the thermodynamics of its transition between forms
ll—l is still difficult to ascertain, since it is observable by DSC over an extended range of temperatures.
This transition makes the melting of the most stable form at room temperature, polymorph II, seldom
occurring, leading to uncertainty in the enthalpy of fusion of the latter.® Following the infrared spectra
of the products of temperature-controlled slurry experiments, we could obtain solid-solid transition data
with considerable precision.

Additionally, the phase transition temperatures were determined by solubility studies in ethanol and
acetone. Periodic DFT calculations were performed to assign the relevant peaks in the infrared and
Raman spectra of the different polymorphs under study and estimate their lattice energies.
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Not all crystallographic datasets are equally reliable, yet their quality is rarely compared in a systematic
way. In this work, we introduce a ranking-based approach to evaluate the relative quality of
crystallographic datasets and the corresponding refinements.

The analysis was carried out using single-crystal X-ray diffraction (SCXRD) datasets
of a-benzophenone collected in several laboratories participating in the BEST-CSP COST Action,
providing a unique opportunity to compare data obtained by active members of the crystallographic
community under different experimental conditions. The datasets correspond to measurements
performed under comparable conditions (including measurements at 150 K) and were refined using
several models, including the classical independent atom model (IAM) as well as more advanced
approaches such as Hirshfeld Atom Refinement (HAR)', Transferable Aspherical Atom Model (TAAM)?,
and Normal Mode Refinement (NoMoRe)?.

The data quality ranking was constructed using parameters describing experimental consistency and
precision, including completeness, Ri, resolution, and the average relative intensity uncertainty. The
procedure follows the ranking methodology proposed by Woinska', extended here by incorporating the
intensity uncertainty term. Structures were ranked according to each criterion, and the scores were
summed to obtain an overall data quality ranking.

Refinement quality was evaluated independently using R1, wR2, the deviation of the goodness-of-fit
from unity, and residual electron density extrema. The combined analysis shows that datasets with
poor internal agreement remain low-ranked regardless of the refinement model, demonstrating that
advanced modelling cannot compensate for insufficient experimental precision. The proposed
framework provides a transparent tool for comparing datasets and identifying structures suitable for
reliable structural analysis.
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Isocaffeine was believed to be monomorphic, not only because only one crystal form had been found
experimentally (CSD refcode ISCOFF)," but also because of the results of CSP calculations, featuring
ca. 6 kd/mol energy gap between the experimentally known crystal structure (global minimum
structure), and the next best plausible polymorph.?

In the search for truly monomorphic molecules, we carried out an extensive CSP search, which
confirmed the presence of the energy gap at the force field-level crystal energy landscape, but upon
DFT-D optimization the gap was no longer present. In addition, the predicted alternative polymorphs
were found to have low rugosity, indicating that it could be possible to crystallize some of them
experimentally. Encouraged by these predictions we did experimental polymorph screening and found
a new Z’=3 polymorph (Figure 1), crystallized from a hot acetonitrile solution. This form crystallizes in
P-1 space group and features a distinct crystal packing to the known form. In particular, two of the
three symmetry-inequivalent molecules are related by a pseudosymmetry, while the third one (coloured
in pink in Figure 1) forms separate columns, as if it was frozen into a nicely arranged stacks of blue and
grey molecules. DFT-D calculations showed that the new polymorph is ca. 10 kd/mol less stable, which
is in agreement with experimental observations, featuring easy transformation of a Z’=3 form into a
Z'=1.

\ . new Z'=3
known polymorph )\\‘ structure
Figure 1. Crystal unit cells for two polymorphs of isocaffeine.
Acknowledgements: This work was financially support of the Polish National Science Centre under Sonata Bis grant No
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Resonant Acoustic Mixing (RAM, Figure 1) is introduced as a solvent-minimised, scalable approach to
deracemisation, achieving enantiomeric excesses of up to 91%." This study systematically explores
the impact of processing parameters, particularly the nature and quantity of liquid additives, on the
outcome of deracemisation of imines, revealing RAM’s robustness and reproducibility. RAM enables
seamless 5-fold upscaling, delivering near-gram-scale deracemisation with minimal solvent use (n =
0.02) without the need for milling media. This renders RAM as a highly promising green chemistry
approach to deracemisation and enantiopure products.

Notably, a racemic mixture was deracemised to 73% ee in 1.5 hours without the need for chiral
reagents, showing enhanced efficiency compared to ball-milling and solvent-based deracemisation
approaches. Mechanochemical deracemisation by RAM (Figure 1) is a significant advancement,
compared to classical and ball milling methods. offering a faster, waste-minimizing and scalable
method.?? This enables a pathway to large-scale deracemisation processes and enantiopure products
while reducing waste.

From Racemic to Enantiopure

Q _ _
283

Mobile Phase i

(liquid or amorphous solid)

Figure 1. Schematic view on mechanochemical deracemisation by ball milling (MCDR-BM) and by
resonant acoustic mixing (MCDR-RAM.
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When modeling molecular crystals, particularly while studying thermodynamic landscape of crystalline
polymorphs. density functional theory utilizing the generalized gradient approximation (GGA)
established itself as one of the primary approaches. This is especially true when re-ranking polymorph
landscapes." Fully periodic calculations of molecular crystals utilizing hybrid density functionals and
larger basis sets would represent a improvement on GGAs, however such calculations are often
computationally too expensive and we therefore rely on approximations of such methods like a multimer
embedding approach,?=® where multimer energies up to trimers, calculated at the PBEO+MBD level,
are embedded into a GGA functional (PBE+MBD).

The reduction of the computational time with the multimer embedding allows us to broaden our
investigation beyond simple electronic energies, and to account for the volumetric change of a unit cell
with temperature by utilizing the quasi-harmonic approximation (QHA).**® Therefore, the equilibrium
unit cell volume and free energy corresponding to certain temperature are obtained with Murnaghan
equation of state fits utilizing several unit cell volumes.

This allows us to track the subtle impact of thermodynamic conditions on the relative stabilities of
polymorphs and to generate phase diagrams. Utilizing this framework, we report thermodynamic
properties of molecular crystals for several species and compare them to the experimental results
obtained in the COST action CA22107 (BEST-CSP).

eferences

. L. M. Hunnisett, et al. Acta Cryst. B 2024, B80, 548-574.

. J. Hoja, A. List, A. D. Boese J. Chem. Theory Comput. 2023, 20, 357-367.

. A. List, A.D. Boese, J. Hoja, J. Chem. Phys., accepted; preprint arXiv:2512.16877, 2025.
.J. Hoja, A. M. Reilly, A. Tkatchenko WIREs Comput. Mol. Sci. 2016, 7, e1294.

. G. A. Dolgonos, J. Hoja, A. D. Boese Phys. Chem. Chem. Phys. 2019, 21, 24333-24344.

25



3 workshop on benchmarking solid state properties

0 ) BEST-CSP Lisbon, July 16-17, 2026

PFO8 Bridging experiment and theory: dynamic quantum crystallography for
exploring polymorphism

A. Hoser," H. Butkiewicz,” A. Makal,” A. @. Madsen,? M. Modrzejewski,' K. Syty,’
J. Krzeszczakowska,' P. N. Ruth?

" Faculty of Chemistry, University of Warsaw, Poland

2 Department of Pharmacy, University of Copenhagen, Denmark

3 Advanced Research Computing, Durham University, Mountjoy Centre, DH1 3LE, Durham, United
Kingdom

Email: a.hoser@uw.edu.pl

Polymorphism—the ability of a compound to exist in at least two different arrangements of the
molecules of that compound in the solid state—remains one of the key challenges in understanding
the structure—property relationships of molecular materials.’

In this contribution, | will present the Normal Mode Refinement (NoMoRe) method?#, developed by us,
in which selected vibrational mode frequencies obtained from periodic DFT calculations are refined
directly against high-quality single-crystal X-ray diffraction data. This approach allows us to obtain
highly accurate anisotropic displacement parameters (ADPs), including for hydrogen atoms, and
enables the extraction of thermodynamic properties such as heat capacities and entropies for
molecular crystals—quantities that remain difficult to compute with sufficient precision using theoretical
methods alone.

By integrating theoretical models with experimental data, we aim to achieve a deeper, quantitatively
rigorous understanding of the energetic landscape and stability of molecular crystals. This presentation
explores several case studies, primarily focusing on systems investigated within the COST Action
framework. Furthermore, | will present recent developments involving the application of machine
learning potentials to generate initial models for Normal Mode Refinement (NoMoRe), specifically
applied to benzophenone polymorphs. Finally, | will discuss the potential of NoMoRe to enhance the
refinement of single-crystal X-ray diffraction data collected under high-pressure conditions in diamond
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Understanding and controlling the solid state of pharmaceutical materials is central to drug
development, with direct impact on stability, bioavailability, and manufacturability. While crystal
structure prediction (CSP) has matured into a powerful tool for exploring polymorphism and risk
assessing crystalline forms, many modern drug products rely on amorphous forms and amorphous
solid dispersions, where structural disorder poses additional modelling challenges.

Here, we present computational approaches used within AstraZeneca, spanning molecular,
crystalline™ and amorphous systems,* highlighting the use of CSP to assess polymorphic risk and
guide experimental screening alongside modelling strategies for amorphous pharmaceuticals.
Selected drug project examples (Figure 1) demonstrate how these synergies between modeling and
experimentation can accelerate confident form selection, reduce development risk, and enable rational
design of solid-state properties.

Figure 1. Three-dimensional structure of an amorphous glucagon-like peptide-1 receptor agonist.
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Density functional theory (DFT) methods are widely used to study properties of molecular solids. This
is due to the manageable computational cost of the calculations and acceptable accuracy. This is true
also for calculating properties of polymorphs. However, it is also known that part of the success of DFT
when applied to, e.g., calculation of energy differences between polymorphs comes from error
cancellations. In our contribution we will present the results of our calculations in which we aim to obtain
reliable energy differences between polymorphs and understand the errors of DFT and other widely
used or emerging methods. Specifically, we use many-body expansion (MBE) of the binding energy to
obtain binding energy contributions from dimers, trimers, and larger clusters at the reference-quality
level. We then use these datasets to assess simpler schemes, including different dispersion-corrected
DFT functionals.” Because the computational cost of the reference-quality methods quickly grows with
the system size these tests are necessarily limited to molecules with up to around ten atoms. To study
larger molecules, reduced scaling approaches, so-called local coupled cluster (LCC) methods, have
been proposed. These offer a way to obtain reference MBE contributions. We will show that this is not
straightforward and we will present how the precision of LCC needs to be controlled to obtain various
MBE contributions for different expected levels of precision.? Finally, we will show how can numerical
settings of the calculations affect the predicted properties. For example, how the choice of projector-
augmented wave data sets in plane-wave codes changes the binding energies for different systems
and how the choice can affect optimized structures.®
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Most agrochemical formulations are solid suspensions, with particles ~ 3 microns in size. The physical
properties of active ingredient particles affect product performance, stability, bio-efficacy (penetration
into the leaf or insect cuticle) and manufacturability. Ability to predict physical properties of crystalline
materials directly from their molecular and crystal structure represents a major opportunity for
agrochemical development. Advances in measurement techniques, crystal structure prediction, and
solid-state characterisation have brought this vision within reach, enabling earlier and more informed
decisions on active ingredient design, formulation strategy, and process development. The opportunity
is clear: if solid-state data can be curated, harmonized, and benchmarked against accurate structural
descriptors (chemical and structural purity), it becomes a powerful foundation for predictive models
that would otherwise require years of experimental effort.

A substantial body of solid-state data already exists across the industries: crystal structures, powder
diffraction patterns, morphology observations, mechanical property measurements, solubility data, and
particle characterization results accumulated over decades. However, much of this data remains
fragmented across reports, databases, and institutional memory - collected for specific projects rather
than structured for cross-compound learning. A further challenge, often underestimated, is the effect
of impurities on physical properties. Even low levels of impurities - whether process-related, solvent-
derived, or structurally similar to the active ingredient - can interact selectively with crystal faces or
incorporate into the crystal lattice as solid solutions, profoundly altering physical behavior. Furthermore,
two nominally identical compounds produced under slightly different conditions may therefore behave
very differently despite sharing the same bulk crystal structure. This poses a fundamental challenge for
benchmarking: datasets drawn from different sources, synthesis routes, or manufacturing histories
may carry hidden variability that is difficult to separate from the structural signal.

This study presents examples of markedly distinct mechanical properties exhibited by two polymorphs
of a compound, examining their behaviour under wet ball milling and their physical stability in aqueous
suspension, both in the presence and absence of a specific impurity. It demonstrates how crystal form
is modulated by impurity composition, and how divergent mechanical properties translate into
substantially different product performance outcomes. In summary it shows how processing history
and impurity profiles must not be overlooked in any benchmarking or predictive framework.
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Preferential Crystallization is a process that allows the separation of enantiomers during crystallization.
This technique is based on the seeding of a pure enantiomer. However, obtaining pure enantiomer can
be challenging, and this project aims to facilitate access to them by using related, and deracemized
chiral crystals consisting of prochiral molecules. Chirality transfer has previously been demonstrated in
a sulfoxide / sulfone system (from prochiral to chiral) in a prior study1 whereas the reverse process
(from chiral to prochiral) has yet to be proven. For prochiral molecules chirality exists only in the solid
state making Vibrational Circular Dichroism (VCD) an essential tool to determine the e.e. after chirality
transfer. Using a standard (Figure 1, left), it is possible to determine the e.e. of each sample (Figure 1,
right). According to the VCD spectra, the samples consisting of prochiral molecules and resulting from
the chirality transfers ((-) or (+)) exhibit a clear chiral signature. In contrast, the series obtained from
the racemic seed ((+/-)) do not show a chiral signature and the spectra appear flat, consistent with the
absence of significant chirality. The e.e. values obtained with pure enantiomer seeding are above 80%
e.e., while those obtained by seeding with the racemic mixture are all below 4% e.e. This poster aims
to demonstrate that chirality transfer is a relevant approach for the preferential crystallization of
enantiomers, without the need for pure enantiomers.
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Figure 1. VCD spectra in the domain 1580- 620 cm™ (left). Chirality transfer spectra (right) The series
seeded with pure enantiomers are represented in blue (-) and green (+). The racemic seed in red.
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Phenylanthracenes (e.g., 9,10-diphenylanthracene and 1,8-diphenylanthracene) are important
organic semiconductors (OSCs) whose performance, particularly charge mobility, is highly sensitive to
molecular packing and crystal structure.” Therefore, controlling polymorphism in these systems is
crucial. The studied compounds were synthesized via Suzuki-Miyaura cross-coupling and purified by
sublimation under reduced pressure. Their phase behaviour (polymorphism and fusion equilibria) was
investigated by differential scanning calorimetry (DSC).

The results show that the position of the phenyl substituents strongly influences both the number of
accessible polymorphs and their crystallization behaviour. Moreover, partial deuteration affects
polymorph selection upon cooling. For example, non-deuterated 1,8-diphenylanthracene (Figure 1)
exhibits high variability in polymorph formation, whereas its partially deuterated analogue consistently
yields only the lower-melting polymorph after the first melting cycle. In contrast, the opposite trend is
observed for the 9,10-diphenylanthracene isomer.

These findings demonstrate that partial deuteration modulates polymorph selectivity in a position-
dependent manner, highlighting its potential as a tool to control solid-state behaviour in organic
semiconductors.

Polvmorphism

> Phenyl position

> Partial deuteration

Figure 1. Structure of non-deuterated and partial deuterated 1,8-diphenylanthracene.
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PF14  Modeling molecular crystals with machine learning interatomic potentials

[. Lonc¢ari¢
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Modelling molecular crystals based on first principles (e.g., with density functional theory) is often
difficult due to the size of a typical unit cell. Therefore, high-throughput calculations for the discovery
of useful properties are rare. In this presentation, | will show how machine-learned interatomic
potentials can enable accurate and fast calculations of mechanical and thermal properties of molecular
crystals enabling an understanding of experimental observations as well as high-throughput search for
materials with the desired properties.”234° | will also discuss how the state-of-the-art foundational
models work out of the box and will change conventional workflows of modelling molecular crystals.
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PF15 Structural dynamics in molecular crystals: thermosalient and
polymorphic transitions
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The design of adaptative and smart functional materials goes through the study of the dynamic behavior
of molecular crystal.”? In recent years, there is an increasing research effort to study the structural
features responsible for a thermosalient transition.® This study seeks to demonstrate that exceptionally
large thermal expansion coefficients, the presence of supercells, and low-frequency optical lattice
vibrations associated with the transition are robust descriptors that can be exploited in artificial
intelligence (Al) and machine-learning (ML) models for the prediction of thermosalient behavior. Two
distinct dynamic molecular crystal systems are presented. The first is a mesogenic hydrocarbon crystal
undergoing a low-temperature single-crystal-to-single-crystal (SCSC) thermosalient transition,
accompanied by macroscopic mechanical effects such as jumping and fragmentation. The second is
a hexamorphic crystal system that exhibits five SCSC phase transitions, two reversible and three
irreversible.*° High-resolution X-ray diffraction elucidates the role of intermolecular interaction in the
molecular packing to induce polymorphic transformations. The transitions involve correlated molecular
displacements across macroscopic scales, with reversibility determined by structural symmetry
considerations. Variable temperature Raman spectroscopic measurements further differentiate
polymorphs based on low-frequency lattice vibrations underlining the role of phonon-driven phase
transitions. By combining advanced structural characterization methods, these studies provide
valuable insight into the nanoscale mechanisms underlying dynamic transformations in molecular
crystals.
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PF16 Enthalpy of polymorphic phase transitions in (R)-phenylpiracetam and
picolinamide
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(R)-phenylpiracetam and picolinamide are two key systems in the context of the BEST-CSP COST
Action (CA22107). In both cases two polymorphic forms have been identified and structurally
characterized by single crystal X-ray diffraction.’? DSC studies were able to evidence the enantiotropic
nature of the form Il — form | transitions, but could not provide accurate values of the corresponding
enthalpy changes, AuwsHm (Il—1)."2 Here we report the determination of AysHm (Il—1) = 2.80+0.14 kJ mol
1, for (R)-phenylpiracetam, and AysHm (Il—1) = 1.01+0.06 kJ mol”, for picolinamide, based on isothermal
solution calorimetry experiments carried out in Lisbon at 298.15K. The temperature dependency of
AwsHm (II—1) was further obtained (Figure 1), by combining the solution calorimetry data with results of
heat capacity measurements performed in Prague, using a Setaram Microcalvet microcalorimeter.

_ 300

-E no.oo.-oo-ooo.o--.

E 250 4 O\Z.NH2

£ -0

T 2004 o

f]: Phanylgiracetam

= 1.50 A i

a‘g L

EE 1.00 4 -.'..I.I..I..I.:“:‘:Ju

.

0.50

290 310 330 350 370 390
TIK

Figure 1. Enthalpies of the form Il — form | phase transitions for (R)-phenylpiracetam and picolinamide
in the ranges 298-385 K and 298-375 K, respectively.
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PF17 Development of a new co-crystal of free-base pioglitazone and solubility
study
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The pioglitazone (PIO) is an antidiabetic drug belonging to the thiazolidinedione class, used to treat
type 2 diabetes; however, this compound has low aqueous solubility, compromising its therapeutic
effects’. The development of pharmaceutical co-crystals stands out as a promising approach for
modifying the physicochemical properties of the Active Pharmaceutical Ingredient (API) without
compromising its therapeutic effect. Co-crystals can be defined as single-phase crystalline solid
materials composed of an APl and one or more coformers (molecular and/or ionic compounds), in a
defined stoichiometric ratio and formed by intermolecular interactions, such as hydrogen bonding, Van
der Waals forces, halogen bonding, and -t stacking®*. Thus, co-crystallization could be a strategy to
improve the solubility of PIO. The co-crystals were synthesized using a mechanochemical method,
specifically the liquid-assisted grinding technique, with piperazine (PPZ) as the co-forming agent. The
compounds were characterized using diffraction (XRD), spectroscopic (FTIR), and thermal (DSC)
techniques, and the solubility study was conducted. The data revealed that the system formed between
PIO and PPZ is a co-crystal, exhibiting a new diffraction pattern, thermal behavior distinct from that of
the starting materials, and a spectrum with bands at different wavenumbers. For the co-crystal,
solubility tests showed a 1.4-fold increase compared to PIO alone, indicating that co-crystallization may
be an effective approach for optimizing physicochemical properties.
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The diethyl derivative of barbituric acid (Hdebarb), widely used in the treatment of anxiety, epilepsy,
and certain psychiatric disorders, acts as a strong hydrogen-bond donor via its two —NH groups and a
weak acceptor through its three carbonyl oxygen atoms." 2,2'-Dipyridylamine (dipya), a charge-
transfer organic base, can adopt multiple protonation states and exhibit one of nine possible
coordination modes.? The colourless single crystals of the cocrystal (Hdebarb)-2(dipya) were obtained
by solvent evaporation from a water/ethanol mixture at room temperature. Its structure was determined
by single-crystal X-ray diffraction using aspherical atomic scattering factors through Hirshfeld atom
refinement (HAR) and further examined using DFT-based computational studies to assess
intermolecular interactions from an energetic perspective. The crystal packing features a
supramolecular tape formed by strong N-H---O/N and weaker C-H---O interactions, with additional
stabilization from C—H---mr and stacking contacts. While conventional geometric analysis identifies the
dipya---Hdebarb---dipya trimer as a key motif, energetic evaluation reveals that rr---1r stacking governs
trimer organization and plays the dominant role in stabilizing the crystal. These trimers assemble
hierarchically into columns along the [211] direction, which further stack into layers parallel to the (111)
plane. Overall, combining structural and energetic analyses highlights the importance of assessing
intermolecular interactions from an energy-based perspective, rather than relying solely on geometric
criteria.

Acknowledgements: This work was supported by the Ministry of Science, Technological Development and Innovation of the
Republic of Serbia (Grant Nos. 451-03-33/2026-03/200287 and 451-03-34/2026-03/200135). The authors acknowledge the
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Accurately predicting the physical properties of molecular crystals from their atomic structure is an
important objective in computational chemistry, with important implications for materials design and
pharmaceutical development. A promising approach toward this goal uses Molecular Dynamics (MD)
simulations, which enable the investigation of both static and dynamic properties of materials. The
accuracy of these methods depends on the quality of the parameterizations used to describe
intermolecular interactions. However, as previously shown, both classical and optimized models can
fail significantly in predicting the structural and energetic properties of solid organic materials.’
Therefore, there is a growing need for reliable methods to obtain molecule-specific models.

In this work, we present recent advances in EvoFF (Fig. 1), a computational framework developed by
our team that combines evolutionary algorithms with artificial intelligence to derive force field
parameters directly from density functional theory (DFT) calculations. This strategy enables the
generation of force fields without reliance on extensive empirical fitting, offering a promising workflow
for simulating diverse molecular systems.

P

o’

iz
w/as

Experiment
\

FORCE FIELDS
FOR MD

Figure 1. Schematic representation of EvoFF workflow.
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PF20 Pyrazinamide fy-form additive-mediated stabilization mechanisms
investigated using molecular dynamics
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With an increased solubility of 25% against the alpha form," pyrazinamide’s gamma form is of interest
for pharmaceutical formulations. However, as a metastable form, questions remain on its stabilization.
Recent studies (Figure 1) have shown that urea derivatives can promote crystallization toward the y-
form and act as stabilizing agents, significantly extending the v lifetime to over one year.? Grazing
incidence X-ray diffraction (GIXRD) performed on thin-layered pyrazinamide samples provides detailed
insight into the polymorph selection and crystal orientation of pyrazinamide in combination with a urea
derivative close to the substrate. However, information on the molecular orientation at the
pyrazinamide-additive interface remains limited. Therefore, we apply molecular dynamics (MD)
simulations to investigate the orientation of pyrazinamide during crystallization on an additive layer. MD
simulations offer a complementary approach to GIXRD measurement, as it might help to better
understand the interaction between pyrazinamide molecules and additives.
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Figure 1. MD simulations (right) as a complementary approach of GIXRD (left) to investigate PZA
molecular orientation at the additive crystalline surface.
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PF21 Fine-tuning quasi-harmonic crystal thermodynamics with experimental
data
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Machine-learned interatomic potentials (MLIPs) promise to provide us with DFT-accuracy calculations
at a fraction of their cost. While they make thermodynamic calculations within the quasi-harmonic
approximation (QHA) possible, they struggle with long-range non-covalent interactions® and systematic
softening of the potential energy surface.?

While there is no well-established way to overcome those limitations computationally, we test a strategy
of correcting MLIP results using routinely available experimental data. The proposed workflow requires
experimental cell volumes and atomic displacement parameters (ADPs),® which are obtained from
routine XRD measurements. We demonstrate the workflow on the first BEST-CSP Physical Properties
Blind Test.
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phenomena in picolinamide and nicotinamide molecular crystals

D. Szewczyk," A. Tasmukhanova,? V. Sokolenko'

" Institute of Low Temperature and Structure Research PAS, Wroclaw, Poland
2al-Farabi Kazakh National University, Almaty, Kazakhstan
Email: d.szewczyk@intibs.pl

Molecular crystals with closely related chemical compositions but distinct substitution patterns offer a
powerful platform for probing how subtle structural variations govern low-temperature thermodynamic
behavior. In this study, we investigate the heat capacities of two polymorphic amide crystals—
picolinamide and nicotinamide—each with the general stoichiometry CgHgN,O but differing in the
position of the OOH-bearing amide branch on the aromatic ring. The substituent is located either at
the carbon adjacent to the ring nitrogen or at the next carbon position, creating two isomeric
frameworks with markedly different local environments for intermolecular interactions and potential
disorder.

Low-temperature calorimetry reveals that this seemingly modest shift in substitution position produces
pronounced differences in the shape and temperature dependence of the heat-capacity curves. The
picolinamide samples exhibits features characteristic of enhanced orientational or conformational
disorder, including broadened anomalies and excess low-temperature contributions. In contrast, the
nicotinamide one shows a more conventional phonon-dominated profile with reduced disorder-related
signatures. These distinctions highlight the sensitivity of lattice dynamics and disorder phenomena to
the precise topology of hydrogen-bonding networks and steric constraints imposed by the substituent
position.

Our results demonstrate that positional isomerism within a shared molecular formula can decisively
influence the energetic landscape of molecular crystals, leading to qualitatively different
thermodynamic fingerprints. This work underscores the importance of substitution geometry in shaping
disorder-driven phenomena and provides new insight into the interplay between polymorphism,
molecular arrangement, and low-temperature heat capacity.
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PF23 Prediction and approximate methods for phase diagram calculations: the
case of paracetamol
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Paracetamol (acetaminophen) is a widely used pharmaceutical compound that exhibits pronounced
solid-state polymorphism, with several crystalline forms displaying distinct structural and mechanical
properties. While Forms |, Il, and Ill are well characterized under ambient conditions,” additional
polymorphs have been reported at high pressure and temperature, some of which still lack resolved
crystal structures. This complexity makes paracetamol an excellent system for studying the interplay
between thermodynamics and kinetics in molecular crystals.?

In this work, we present the first comprehensive phase diagram of paracetamol by combining available
experimental data with thermodynamic modeling. This diagram provides a framework for
understanding the complex energy landscape of this compound, offering valuable insights for
crystallization design and formulation strategies. To address polymorphs with unresolved structures,
we employ crystal structure prediction (CSP) methods. Furthermore, we explore the possibility of
incorporating thermal contributions to the free energy using approximate approaches, such as the
Einstein model or density-functional tight-binding (DFTB), enabling an efficient evaluation of vibrational
effects. This combined strategy provides a consistent and computationally efficient description of the
polymorphic landscape of paracetamol, offering new insights into its phase behavior and establishing
a framework applicable to other molecular crystals of pharmaceutical relevance.
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Pharmaceutical material properties such as dissolution, stability, and mechanical behaviour are
governed by crystal surfaces, yet are often interpreted using bulk descriptors alone. Here, facet-
resolved surface analysis is applied to BEST-CSP benchmark systems, including febuxostat and 4-
hydroxyacetophenone (Figure 1).

Crystal morphologies were calculated using the attachment-energy method (VisualHabit), and
dominant facets were analyzed using CSD-Particle.” Extracted descriptors include surface rugosity,
hydrogen-bond donor and acceptor densities, unsatisfied donor density, aromatic interaction density,
and hydration propensity estimated via Water-FIMoS.

The results reveal clear polymorph-dependent differences in surface chemistry and hydration affinity,
and, in febuxostat, identify a hydrogen-bond-free slip plane in Form Q consistent with its reported
mechanical behavior. These findings demonstrate that surface descriptors capture interfacial
properties not accessible from bulk energetics and provide a basis for ongoing experimental validation.

Form I Form II

Face

Topology

Charge

Figure 1. Calculated crystal habits of 4-hydroxyacetophenone Forms | and Il with the analyzed facet
highlighted, together with surface topology, and electrostatic potential maps.
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The determination of benchmark experimental data for organic molecules is one of the central
objectives of the COST Action BEST-CSP. Among the properties of interest, enthalpy of sublimation
and solubility are particularly relevant. Enthalpies of sublimation provide direct insight into the
intermolecular interactions in molecular crystals, while solubility data can be used, for example, to
estimate Gibbs energy differences between polymorphs. Together, these properties give essential
energetic information for assessing the accuracy of theoretical methods.

Metacetamol, one of the first molecules selected for study within BEST-CSP, has two regioisomers:
ortacetamol and paracetamol. Investigating this set of compounds is, therefore, valuable for identifying
energetic trends within the family and for evaluating whether theoretical methods can reliably reproduce
them. Although paracetamol and metacetamol have previously been studied from an energetic
perspective, reliable enthalpy of sublimation and solubility data for ortacetamol remain limited.

Here, we report new experimental data for ortacetamol, including its enthalpy of sublimation,
determined by Calvet microcalorimetry, and its solubility in water and ethanol near room temperature.
The results are compared with available data for the corresponding regioisomers, providing a broader
experimental basis for benchmarking theoretical approaches.

o'y

Figure 1. Molecular structure of ortocetamol.
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The optoelectronic properties of solid-state semiconductors depend strongly on temperature. Through
interactions between electrons and the thermal fluctuations of the ionic lattice, the electronic band
dispersion is modified’. Consequently, systems with pronounced phonon anharmonicity? can exhibit a
strong temperature dependence in their band gap and optical properties®. These thermal effects can
also be induced by electric fields via polar phonons, enabling exciting technological applications*, such
as light emitters tunable by external fields. However, first-principles calculations of thermal effects on
optoelectronic behavior are computationally prohibitive, being limited to relatively simple systems with
small unit cells. To address this challenge, we developed a machine-learning-based framework to study
thermal effects on optoelectronic properties, greatly accelerating these calculations and extending their
applicability to complex systems, such as chemically disordered solid solutions. Using a physics-
informed DFT database®, we fine-tuned a machine learning interatomic potential (MLIP) to compute
energies, forces, and stresses, and trained a graph neural network (GNN) to predict band gaps. By
coupling both models, we captured the thermal renormalization of optoelectronic properties in
anharmonic, chemically disordered solid solutions, an endeavor that would be infeasible using
conventional first-principles approaches.
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Sotagliflozin (SGF) is a dual SGLT1/2 inhibitor from the gliflozin class that exhibits low aqueous solubility,
being classified as a Biopharmaceutics Classification System (BCS) class Il compound.’® From a
solid-state perspective, such properties make SGF a suitable candidate for crystal engineering
strategies aimed at modifying intermolecular interactions and crystal packing.

In this work, a systematic pharmaceutical cocrystal screening of SGF with pyrazine-based coformers
was performed, guided by supramolecular synthon considerations and the propensity of pyrazine
derivatives to engage in robust hydrogen-bonding and heteroaromatic interactions. Pharmaceutical
cocrystals are crystalline materials composed of an active pharmaceutical ingredient (API) and one or
more neutral molecular coformers, assembled in a defined stoichiometric ratio through non-ionic,
non-covalent interactions within a single crystal lattice.

The resulting solid forms were characterized using thermal analysis techniques (differential scanning
calorimetry and thermogravimetry) and solid-state analytical methods, including powder X-ray
diffraction and Fourier-transform infrared spectroscopy, to confirm cocrystal formation and assess their
thermal and structural features. This crystal engineering approach led to the successful isolation of six
distinct SGF cocrystals, demonstrating the effectiveness of pyrazine-based coformers in generating
new crystalline phases. Additionally, four of the obtained cocrystals exhibited an enhanced intrinsic
dissolution rate relative to the parent drug, highlighting the downstream impact of crystal packing
modification on solid-state performance.
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Aprotic ionic liquids (ILs) are known for their very low, yet non-zero saturated vapor pressures. This
valuable property of ILs, however, makes experimental determination of their vapor-liquid equilibrium
challenging. Still, vapor pressures even in the sub-Pascal region are important for atmospheric spread
of pollutants in the environment. Reliable computational approaches that would be competitive with
state-of-the-art experiments are most welcome for investigating the volatility of such materials.
However, their direct applicability to liquids would be very costly.’

Expressing the vaporization phenomenon as sublimation minus melting enables the optimal
combination of experimental and computational methods, each applied where it delivers the highest
accuracy. While calorimetry is suitable to address the melting of ILs, computational chemistry offers
first-principles models to describe the cohesion of molecular crystals,? which can be adapted with some
effort also to treat crystals of ILs,® and to predict their structures.* Ab initio predictions of sublimation
enthalpy and pressure at the triple-point temperature then essentially contribute also the knowledge of
the vapor-liquid equilibrium of ILs.

Several computational challenges have to be addressed on this way, such as a proper description of
the interplay of non-covalent cohesive interactions in bulk ILs,®> anharmonicity of their phonons, and the
treatment of an ideal-gaseous ILs vapor phase. While quasi-harmonic periodic density-functional
models prove sufficiently accurate for description of the phonons,*® ab initio many-body refinements of
the static lattice energy are due to improve the enthalpic accuracy.’? Vapor phase consisting of neutral
ion pairs need to be modelled with a QM:MM scheme.? Finally, the quasi-harmonic protocol yields the
standard Gibbs energy of sublimation as a function of temperature, which enables to access the vapor
pressure curve up to the triple point

A proper combination of multiple first-principles potentials enables to reach the chemical accuracy, and
to capture the correct order of magnitude of the sublimation pressures.® Such a computational accuracy
is definitely competitive with contemporary experiments.
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Crystalline thin films of organic semiconductors (OSCs) are essential for high-performance
optoelectronic devices, where charge transport depends on molecular ordering and interface quality.
However, achieving highly crystalline films with clean interfaces remains a challenge.

We present an approach for highly crystalline OSC films via ionic liquid (IL)-assisted crystallization
through a vapor-liquid-solid (VLS) mechanism'2. A thermally evaporated IL layer acts as a transient
medium that promotes ordered crystallization during OSC deposition, producing highly ordered films.
However, residual IL at the interface can be detrimental to subsequent device integration. To address
this limitation, we introduce a simple but robust post-deposition treatment for complete IL removal. We
demonstrated that an optimization of the solvent rinsing process enabled efficient removal of the IL
without disrupting the underlying crystalline OSC film. This approach was validated using scanning
electron microscopy (SEM, Figure 1), which confirmed preserved morphology, and X-ray photoelectron
spectroscopy (XPS), which verified the effective removal of IL residues.

This work establishes IL-assisted VLS growth as a clear route to highly crystalline OSC films, while
providing a pathway to obtain clean, IL-free interfaces. This combined strategy is broadly applicable to
OSC-based device architectures in which both crystallinity and interfaces are critical.

Figure 1. SEM images (100 000x) of an OSC thin film (BfBT): (A) deposited on the top of an IL layer

[CsC+im][NTf,] (10 ML) and (B) after IL removal. Arrows indicate the crystal edges, where the IL is most
evident in (A). After removal (B), the edges appear sharper, consistent with the absence of IL.
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Biclotymol is an active pharnaceutic ingredient (API) used as an antiseptic for Ear, Nose and Throat
(ENT) affections. It is known to exhibit 2 polymorphic forms, named forms | and Il, form | being the more
stable at all temperatures up to its melting temperature (monotropic relationship)."?. The goal of the
present study is to explore the possibilities of crystallization in a geometrically confined media such as
thin films to, not only favor the selection of the metastable form Il (more soluble than the most stable
form) in a simple step but also to be able to keep it for longer times than in conventional powder
(conversion to form | occurs in a week).Thin films of biclotymol have been fabricated via solvent-based
depositon methods (drop-casting, spin-coating) on pre-cleaned glass or silicon wafer substrates. It
appeared that performing the thermal treatment on drop casted films allowed to obtain form Il
reproducibly whatever the concentration. Furthermore, grazing incidence X-ray diffraction performed
at ESRF showed that form Il was always observed for the spin-coated films (needle-like crystals in Figure
1) obtained from solution concentration below a certain threshold, that is, the thinnest films.

Figure 1. Polarized optical microscopy images of spin-coated biclotymol films (from acetone solutions
of concentrations 0.01 M) deposited on silicon wafers. The scale bars in the images represent, from left
to right, 200 um, 100 pum, 50 um and 20 pm.
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Performance and stability of thin-film optoelectronic devices depend strongly on how packing and non-
covalent interactions in organic semiconductor (OSC) films respond to temperature. In particular,
approaching or exceeding the glass transition temperature (7g) can increase molecular mobility and
promote more extensive structural rearrangement, thereby altering film morphology and device
behavior. Accurate characterization of moderately sized OSCs near the glass transition thus requires
methods that capture local chemical environments while remaining tractable across the large
configurational space of the bulk phase.

Here, we develop machine-learned interatomic potentials (ML-IAPs) for atomistic simulations of 1,3-
bis(N-carbazolyl)benzene (mCP), a glass-forming OSC with T, = 335 K. Four hundred supercell
configurations for training were selected from molecular dynamics trajectories of bulk mCP generated
with the OPLS force field.” Energies and forces were then computed for each configuration at the PBE-
D3(BJ)/PAW level to generate the reference dataset, which was used to train MACE models either from
scratch or by fine-tuning the pre-trained MACE-OFF23 model.? Molecular dynamics simulations of
representative bulk states of mCP were then repeated using the resulting ML-IAPs in place of the
classical force field. Finally, analogous models were trained on a subset of the original dataset to assess
the effect of reduced training-set size on model accuracy.® This study thus establishes a workflow that
uses ML-IAPs for modelling glass-transition-related behavior in bulk mCP, with future application to
structurally related glass-forming OSCs.
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(BEST-CSP). R. Geronia Il and C. Cervinka acknowledge support from GACR Junior Star grant 23-05476M; Johannes Amos
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The continuous evolution of influenza A and B viruses, coupled with the emergence of drug resistance,
creates a pressing need for novel antiviral agents with broad-spectrum activity. The viral neuraminidase
enzyme remains a prime target, but its structural variability across different strains complicates the
discovery of universal inhibitors. To address this challenge, we developed and implemented a multi-
target computational pipeline designed to identify pan-influenza neuraminidase inhibitors. Our strategy
involved high-precision molecular docking of a curated library containing 499721 compounds against
three structurally distinct neuraminidase representatives from influenza A (H1N1, H2N2) and influenza
B viruses. Hits were prioritized using a cascade of energetic and geometric filters, followed by a rigorous
two-tiered validation using extensive molecular dynamics simulations. This validation not only confirmed
binding stability on the primary target but also critically assessed whether candidates maintained stable
interactions across the other neuraminidase subtypes. This cross-validation approach was essential for
eliminating subtype-specific binders, ultimately identifying ten lead compounds with robust, pan-
influenza binding profiles. Notably, the successful identification of a diastereomer of the established
drug zanamivir among the top candidates provides strong validation for the pipeline's ability to find
biologically relevant scaffolds. Overall, this work demonstrates the integration of multi-target screening
with cross-validated molecular dynamics that overcame target variability and yielded ten promising
leads for next-generation anti-influenza therapeutics.
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Electron diffraction, with its ability to probe minute sample volumes, enables crystal-structure
determination from micro- and nanoscale crystals. The current lower size limit for 3D electron diffraction
(3D ED) is governed by goniometer stability and crystal beam sensitivity. Serial electron
crystallography—analogous to XFEL experiments—allows further reduction of the accessible crystal
size.

In serial crystallography, a single diffraction pattern is recorded from each individual crystal, with each
pattern coming from a fresh, previously unexposed specimen, thus mitigating the problem of crystal
decay under the probe. Information on the relative orientations of patterns is lost. This approach
supports highly automated workflows and yields very large numbers of patterns.

The experiment is straightforward to realize with electrons—either by collecting individual patterns from
visible crystals (crystal hopping) or by performing a systematic grid scan of the sample with the probing
beam (4D-STEM).

The serial data-processing workflow comprises unit-cell determination, indexing of individual patterns,
and merging of intensities into a consolidated dataset. Because of the short electron wavelength, the
Ewald sphere in electron-diffraction experiments is extremely flat, which poses a geometric challenge
for unit-cell determination from randomly oriented patterns.

We demonstrate ab initio structure determination of different nanocrystalline materials using the serial
electron crystallography technique and discuss its critical points.
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A new polymorphic form (V) of |-serine’ was discovered under ambient pressure using additive-
mediated crystallization, which is only the second known form accessible without high-pressure
conditions.? The structure of the new form was compared with the known form | and the hydrate (Fig.
1), revealing similarities to the latter in certain supramolecular motifs, while showing clear differences
from form |. Experimental and theoretical charge density studies, particularly the topological analysis
within the QTAIM framework, revealed a stronger hydrogen-bond network in form V than in |. Lattice
energy and Gibbs free energy periodic calculations indicated the enantiotropic relation between these
two polymorphs, confirmed by SCXRD experiments at different temperatures and hot-stage microscopy
observations. The phase transition V — | is probably based on the rotation and translation of |-serine
molecules, accompanied by the simultaneous breaking and re-formation of hydrogen bonds. Although
the hydrogen bonds are stronger in V, the structure contains more unoccupied space, facilitating the
phase transition at elevated temperatures.’
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Figure 1. Supramolecular synthons in I-serine forms (a) I; (b) hydrate; (c) V.
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During the past decade, molecular optical materials have attracted growing scientific interest due to
their potential applications in photonics and optoelectronics.'? In such systems, the final bulk response
is determined not only by molecular properties, but also symmetry and crystal packing. Therefore,
polymorphism and cocrystallization constitute important tools for tuning the optical performance of
solids, as even subtle modifications of supramolecular organization may lead to significant changes in
(non)linear optical effects.

Here we present our approach to understanding and tunning
birefringence and second harmonic generation (SHG, Figure 1) in
pyridones through controlled modification of the crystal form. The study
compares two model cases, one illustrating polymorphism and the other
cocrystallization as a route to altering optical response. Optical properties
were examined through QLFT calculations together with experimental
measurements of refractive indices and SHG. We show that relative subtle
structural changes may substantially modify both SHG efficiency and
linear birefringence, however these two properties do not necessarily QTAIM /

evolve in parallel. The presented results highlight the importance of  Figure 1 Integrated analysis of
crystal-form control in benchmarking optical materials and provide a intermolecular interactions and
structure-property perspective for the rational design of tunable optical optical properties.

materials.
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Active pharmaceutical ingredients (APIs) possess therapeutic activity whose efficacy depends on their
physicochemical properties’. Mefenamic acid (MFA) is an anti-inflammatory drug used to treat muscle
pain, rheumatoid arthritis, osteoarthritis, and menstrual disorders, it's also classified by the
Biopharmaceutical Classification System as class I, which means that it has high permeability and low
aqueous solubility, which restricts its bioavailability and can cause side effects.?® The search for new
multicomponent solid forms is a common strategy for optimizing the physicochemical properties of
drugs such as MFA, including solubility, dissolution rate, and stability."® Multicomponent solid
pharmaceutical forms consist of an APl and one or more coformers, which possess interactive sites
capable of forming intermolecular interactions or bonds with the drug.* In this context, the objective of
this study was the synthesis and characterization of two new multicomponent solid forms of MFA with
arginine (ARG) as the coformer, using a mechanochemical method. The systems were obtained by
grinding the precursors in a vibrating ball mill at 30 Hz for 30 min, in a stoichiometric ratio of 1:1, with
minimal amounts of ethanol and water. The new multicomponent solids forms and precursors were
characterized using Thermogravimetry and Differential Thermal Analysis (TG-DTA), Differential
Scanning Calorimetry (DSC), Powder X-ray Diffraction (PXRD) and Infrared Spectroscopy (IR). Based
on the diffractograms, the MFA-ARG systems exhibited new diffraction patterns, distinct from one
another and different from the precursors, with the presence of new peaks. The infrared spectra also
exhibited similar behavior, with shifts in the characteristic bands of the drug and the coformer, as well
as changes in their intensities. Finally, thermal analysis showed that the thermal behavior of both
systems differed from that of the precursors. These results indicate the formation of two new
multicomponent solid forms of MFA-ARG, highlighting the impact of the crystal structure on the
physicochemical properties of the drugs.
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Benzimidazole derivatives have gained significant interest in cocrystal design due to their capacity to
form non-covalent interactions, including hydrogen bonding, van der Waals forces, and m—t stacking,
leading to materials with distinctive luminescent properties. In this work, we aimed to develop expertise
in the experimental characterization of structural and optical properties using techniques such as high-
temperature X-ray diffraction (HT-XRD), FTIR spectroscopy, and Differential Scanning Calorimetry
(DSC). In parallel, a theoretical investigation was performed using Density Functional Theory (DFT) and
Time-Dependent Density Functional Theory (TD-DFT). Specifically, we examined the structural
characteristics, IR spectra, and melting points of the optimized cocrystals (Figure 1), while also provided
insights for the rational design of novel fluorescent materials. This combined experimental and
computational approach was expected to clarify how intermolecular interactions affect the organization
of fluorescent molecules in the solid state.

Figure 1. Calculated structure of cocrystal.
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The stability of Active Pharmaceutical Ingredients (APIs) is paramount for their therapeutic efficacy and
safety profile. A proven strategy for modulating the physicochemical properties of drugs involves the
design of multicomponent systems utilizing suitable coformers. While paracetamol is a ubiquitous
analgesic, its structural isomer, metacetamol, remains insufficiently characterized, despite its
documented biological activity and the existence of two polymorphic modifications. This study also
investigates salicylamide, an analgesic agent exerting effects on both the central and peripheral nervous
systems. Although paracetamol is among the most widely prescribed APIs, its use is associated with
hepatotoxicity; in contrast, metacetamol and salicylamide lack this adverse effect owing to their
divergent metabolic pathways. Investigating the propensity of these compounds to form
multicomponent systems facilitates the evaluation of their solid-state stability and potential
pharmaceutical applicability.

A comparative structural analysis of the investigated drugs was performed utilizing Mercury and
ConQuest software integrated with the Cambridge Structural Database (CSD), enabling the rational
design of novel multicomponent systems. Novel multicomponent systems were successfully
synthesized via mechanochemical grinding of the substrates in the presence of sulfonic acids. Their
formation was subsequently validated using Powder X-ray Diffraction (PXRD). Given their pronounced
electron donor-acceptor properties and capacity to form robust hydrogen bond networks, sulfonic acids
represent a particularly promising class of coformers for pharmaceutical development.

Subsequent attempts were made to grow single crystals of the obtained multicomponent systems.
During this crystallization process, a time-dependent coloration of the samples was observed. Notably,
it was discovered that identical solid-state systems exhibited distinct chromic responses depending on
the specific sample preparation methodology.

Figure 1. Colored multicomponent systems of analgesics with sulfonic acids.
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P15 Graph neural networks for the prediction of thermodynamic stability and
phase transitions
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Organic and inorganic materials rendering large structural and entropy changes around room
temperature are pivotal for novel and pressing applications in fields including drug design, thermal
storage, solid-state cooling and heat pumping, and energy harvesting (e.g., heat-to-electricity
transformation based on the pyroelectric effect). In molecular crystals, temperature-induced
polymorphic transitions can critically affect physical and chemical stability, with direct implications for
pharmaceuticals and other fine chemicals. However, only a few phase transitions fulfilling such
conditions are known in practice, mostly from experiments planned in a scientifically biased manner.
To address this challenge, we have devised a machine learning approach that efficiently predicts
temperature-induced phase transitions between polymorphs of the same compound.’? Its core
technology is based on state-of-the-art graph convolutional neural networks, trained on a diverse and
extensive database comprising thousands of first-principles calculations,® for predicting vibrational
Helmholtz free energies of crystals solely from their atomic structure.

To illustrate the performance of our approach, we have screened the Materials Project database in
order to unravel new families of materials exhibiting large entropy-driven phase transitions. Remarkably,
we have identified more than 50 materials (some already reported experimentally) surpassing phase-
transition entropy changes of 500 J/kgK at temperatures below 800 K. Several of these were identified
as ferroelectric—paraelectric transitions based on crystal symmetry arguments. The scripts resulting
from this study have been made publicly available and are easily adaptable to any desired target
database,* enabling temperature-dependent thermodynamic ranking of polymorphs beyond static
lattice-energy approaches.
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Fenpicoxamid (FENPIC) is a modern, picolinamide fungicide used primarily in cereal crops, especially
for controlling Septoria leaf blotch (Zymoseptoria tritici) in wheat. The Republic of Serbia, as a large
producer of wheat, uses approved plant protection products (PPPs) for its treatment. This requires
constant monitoring of pesticides that may enter the environment and especially watercourses. This
study is the summary of voltammetry studies of the FENPIC using a novel PA@C-GC electrode. XRD
analysis confirmed the presence of metallic palladium with a face-centered cubic crystal structure,
along with a moderately graphitized carbon matrix. This is optimal balance between graphitization and
surface functionality is essential to achieve high sensitivity, rapid response, and stable voltammetric
signals in Pd@C-based sensors. The effect of pH on the electrochemical behavior of FENPIC was
investigated in Britton-Robinson buffer solutions (pH 2.0 - 6.0). As found out, the actual pH had a
significant influence upon the overall signal-to-noise characteristics, giving to the PA@C-GC the best
analytical performance at pH 2.0. The oxidation peak of FENPIC appeared at +0.3 V vs. SCE. The
experimental conditions optimized for the determination of FENPIC in the differential pulse stripping
voltammetry mode (DPSV) were: initial potential -0.1 V, end potential +0.5 V, accumulation potential -
0.35V, accumulation time 120 s, and the scan rate 100 mV s'. The method developed offers linearity
in concentration range 1.25 — 12.58 ng cm®, with r = 0.998 and the limit of detections is 0.63 ng cm™=.
These results are in the same range with HPLC/DAD, which is used as comparative method. Recovery
for FENPIC determination in the real sample of river water was 102%.
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Aromatic azides are a class of compounds characterised by the presence of the linear —-N; group,
whose unique electronic structure gives rise to interesting reactivity. They are widely employed across
chemistry and materials science, finding applications as synthetic intermediates’, propellants and
gas-generating agents, as well as key components in energetic materials?. The azide group readily
participates in thermally or photochemically activated transformations, cycloaddition reactions and
solid-state phase changes, making azides particularly sensitive to external stimuli®. This combination of
functional versatility and pronounced reactivity places azides at the centre of ongoing research into
reaction mechanisms, structure—property relationships and solid-state behaviour.

In the present work, crystalline solid phases of two selected aromatic azides were produced by: i)
annealing the amorphous solid deposited under cryogenic conditions, ii) solvent evaporation under
conventional laboratory conditions; and then characterised by infrared spectroscopy. The thermal
behaviour of the compounds was investigated using differential scanning calorimetry (DSC) and
polarised light thermal microscopy (PLTM). Single-crystal X-ray diffraction (SCXRD) was employed to
elucidate the structure of the obtained crystalline materials. Furthermore, computational studies were
carried out to support IR spectral assignments and estimate lattice energy by periodic DFT methods,
and to evaluate the most relevant intermolecular interactions in dimers by NBO and IGM methods.
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Crystal engineering enables the study of interactions between molecules and/or ions in single- or multi-
component systems. As a result, solid-state systems with new properties can be obtained.” The active
pharmaceutical ingredients (APIs) under study are levofloxacin and ciprofloxacin-third generation of
fluoroquinolone antibiotics. Using the Cambridge Structural Database (CSD), selected nutraceuticals
and benzoxaboroles-medicinal substances with antifungal properties (Figure 1).

The synthesis of multi-component systems was conducted using mechanochemical methods and
crystallization from solvent?. Liquid-assisted grinding proved to be an effective technique for obtaining
selected drug-nutraceutical and drug-drug pharmaceutical crystals, which was confirmed by Powder
X-ray diffraction. Crystallization from an ethanol-acetic acid system enabled obtain a new salt of
ciprofloxacin, which was confirmed by Single-crystal X-ray diffraction.

These synthesis methods indicate a promising research direction for obtaining new phases with
potential applications in pharmaceuticals, particularly for drugs formulated as ointments.

HO

Figure 1. Structural formulas of benzoxaboroles, their derivatives and fluoroquinolone.
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Mavacamten is the active pharmaceutical ingredient (API) in Camzyos®, a drug used for the treatment
of obstructive hypertrophic cardiomyopathy. ' As with any new API, understanding the landscape of
possible crystal forms is essential to ensure the safety, stability, and efficacy of the final pharmaceutical
formulation.

Previous work by Braun et al. 2 identified six crystalline forms of mavacamten, comprising five
polymorphs and one salt, using powder X-ray diffraction (PXRD). In this study, these structures were
further investigated and confirmed using single-crystal X-ray diffraction (SXRD), providing higher-
resolution structural validation.

Further exploration of this system remains important, as only nine related structures are currently
reported in the Cambridge Structural Database (CSD), ® with just three exhibiting similar molecular
motifs. In addition, two new crystal forms of mavacamten were obtained: an ethyl acetate solvate and
a co-crystal with 3,5-dinitrobenzoic acid.

Figure 1. Packing of new solvate of mavacamten.
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References

1. European Medicines Agency, Camzyos (mavacamten) EPAR, 2023.

2. D. E. Braun, M. Stefinovic, U. J. Griesser Cryst. Growth Des. 2024, 24, 8381-8396.

3. C. R. Groom, I. J. Bruno, M. P. Lightfoot, S. C. Ward Acta Cryst. B 2016, 72, 171-179.

62



3 workshop on benchmarking solid state properties
@ BEST-CSP Lisbon, July 16-17, 2026

P20 A room-temperature surprise in the measurement of monoethyl fumarate
aqueous solubility

D. N. G. Palma, R. G. Simbes, M. E. Minas da Piedade

Centro de Quimica Estrutural, Institute of Molecular Sciences, Faculdade de Ciéncias, Universidade
de Lisboa, Campo Grande, 1749-016 Lisboa, Portugal

Email: fc62064@alunos.ciencias.ulisboa.pt

In the pharmaceutical sector, aqueous solubility is a fundamental property that often dictates a drug's
therapeutic success. Fumaric acid and alkyl fumarates,’ 2 are a family of structurally related compounds
with a remarkable success in the treatment of psoriasis and multiple sclerosis, that now also shows
therapeutic potential for various neurological and cardiovascular diseases.*>® As part of our studies on
this family, here we present the determination of the monoethyl fumarate (MEF)-water T-x phase
diagram. The results showed that up to x ~ 0.02 (T ~ 297 K) the aqueous solubility of MEF smoothly
increases with temperature, according to an exponential relationship. When that concentration is
reached, however, a liquid-liquid phase separation phenomenon is observed which is followed by a
considerable solubility increase: while the temperature remains approximately constant at 297 K the
molar fraction increases to x ~ 0.1. The fact that this perturbation occurs close to ambient temperature
may complicate the control of MEF aqueous solubility and is, therefore, particularly significant if the
compound is to be formulated as a drug.

O

0O
Monoethyl fumarate
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Polymorphism refers to a substance's ability to exist in multiple crystalline forms. This characteristic is
particularly important in pharmacy, since different polymorphs may exhibit varying physical properties,
such as solubility and bioavailability. Therefore, research on drug polymorphism is vital for developing
and optimizing pharmaceuticals to ensure their quality and performance.

Oxytetracycline hydrochloride, a widely used antibiotic in the tetracycline class, is believed to exhibit
polymorphic forms. The therapeutic effectiveness, stability, and bioavailability of oxytetracycline are
dependent on them, which have been most recently described in literature as four different polymorphs
of its hydrochloride salt (OxyCl) identified through PXRD'. However, prior to the deposition of our
results, the Cambridge Structural Database (CSD) contained only one resolved crystal structure
(OxyClI-ll), originally published in 19652

Our complex study presents findings on OxyCl crystal structures obtained through single crystal X-ray
diffraction measurements®. In addition to the four structures mentioned above, three novel crystalline
forms were discovered. Out of all, only one structure is a true anhydrate form of OxyCl (Form Il). The
rest are four hydrates with various amounts of H20 in a unit cell (including a commercial compound)
and two alcohol solvates. Our work has revealed much disorder, especially in the hydrate forms, which
crystallize in layers of Oxy cations and gaps filled with H20O molecules. This led to a potential explanation
for the differences in solubility among the structures, which was never addressed before. Additionally,
we performed synchrotron-based PXRD studies under variable humidity conditions, revealing that
certain forms are able to uptake or release water molecules from the layers, accompanied by
modifications in their unit cell parameters. Nevertheless, these results are still under analysis, and more
experiments are needed to obtain a deeper understanding of this pharmaceutical system.
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Mirdametinib (MIR) acts as a highly selective, non-competitive inhibitor of the enzymes mitogen-
activated protein kinase kinases 1 and 2 (MEK1/2) and is therefore a part of the Ras/Raf/MEK/ERK
pathway, which plays an important role in regulation in cell proliferation and cell survival.” Dysregulation
of this cascade is seen in multiple cancers as well as rare genetic diseases.’? One such disease is
neurofioromatosis type 1 (NF1), for which treatment MIR has been approved by the FDA'? and EMA3
in 2025.

Our research focused on identifying and characterizing different solid-state forms of MIR, as well as
elucidating the interrelationships between the forms. We conducted a comprehensive solid-state
screening using a variety of crystallization methods, including evaporation from solution, cooling
crystallization, antisolvent addition and slurry conversion. This resulted in a total of 17 forms, consisting
of three anhydrates, the amorphous phase, three hydrates and ten solvates. Of these, three forms
(solvates comprising isobutyl acetate, acetonitrile, dimethylformamide) were identified as novel, while
the rest was previously mentioned in patent literature.* For characterization, complementary techniques
were used: X-ray diffraction, infrared spectroscopy, hot-stage microscopy, thermogravimetry,
calorimetry and moisture (de)sorption.

The relationship of the polymorphs was established using isothermal and differential scanning
calorimetry. Additionally, the single crystal structure of the thermodynamically stable form at RT, AH°,
as conformed with slurry experiments in this temperature range, was determined.

All three hydrates revealed a non-stoichiometric (de)hydration behavior. Furthermore, slurry conversion
experiments (at RT) showed that depending on the water activity different hydrate forms are obtained.
While on hydrate (form XlII*) emerges from slurry experiments in water, a second hydrate (XIX*) is
observed from experiments stirring at lower water activity. The compound:solvent ratio of the solvate
forms was investigated using TGA.

This study shows that only through the use of complementary analytical techniques and the systematic
exposure of distinct solid-state forms to controlled temperature and relative humidity conditions could
unravel the complex solid-state landscape of MIR, knowledge that is essential for product development.
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Tryptamide is a synthetic tryptamine derivative that has demonstrated significant potential as a novel
anti-inflammatory agent. Characterized by its ability to inhibit prostaglandin synthesis, this compound
offers a pharmacological profile comparable to established non-steroidal anti-inflammatory drugs
(NSAIDs)." Given the clinical need for effective treatments with reduced gastrointestinal toxicity,
tryptamide represents a promising candidate for the management of acute and chronic inflammatory
conditions.

Despite its promising pharmacological profile, the therapeutic application of tryptamide is significantly
hindered by its poor aqueous solubility and low bioavailability.? To overcome these biopharmaceutical
limitations, the compound was converted into a salt form - specifically, tryptamide hydrochloride.® This
project focuses on optimizing the synthesis of new crystalline forms of tryptamide hydrochloride and on
their comprehensive physicochemical and structural characterization. Powder X-ray diffraction (PXRD)
was used to determine the phase purity. To obtain information on the local molecular environment and
to confirm the protonation state in the salt’s crystal lattice, solid-state "*C and "N nuclear magnetic
resonance (NMR) spectroscopy was employed using these isotopes. In addition, thermal stability and
phase ftransitions were investigated using differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA), while molecular interactions were verified using Fourier transform
infrared spectroscopy (FTIR). In addition, the physicochemical studies were supplemented with
solubility tests to assess the practical impact of salt formation on drug concentration in various media.
In conclusion, the optimization of the synthesis and the detailed structural characterization of new
crystalline forms of tryptamide hydrochloride represent a crucial step toward improving the drug's
developability.
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This study focuses on the phase behavior, cohesive energies, and crystal packing of
phenylphenanthrene  derivatives:  2-phenylphenanthrene,  9-phenylphenathrene  and  2,7-
diphenylphenanthrene. These compounds are particularly relevant in the field of organic electronics,
where they can be used as building blocks of organic semiconductors, underscoring the importance of
a detailed understanding of their crystal packing™?. The compounds studied were synthesized via
Suzuki-Miyaura cross-coupling reaction. Their thermodynamic properties were investigated using
Knudsen effusion combined with a quartz crystal microbalance (KNQ) and differential scanning
calorimetry (DSC). DSC successfully characterized the melting and crystallization behavior of all
compounds. Knudsen effusion measurement provided vapor pressure data, enabling the derivation of
sublimation thermodynamic properties. The higher melting temperature and lower volatility of 2-
phenylphenanthrene, compared to its isomer 9-phenylphenanthrene, arise from entropic effects
associated with positional disorder within the crystal lattice. Two polymorphs were identified for 9-
phenylphenanthrene and 2,7-diphenylphenanthrene exhibited liquid crystal transitions. The results were
compared with those reported for similar phenylanthracene derivatives.

(€)

(A) (B)

Figure 1.  Structure of the phenanthrenes studied: (A)  9-Phenylphenanthrene,
(B) 2-Phenylphenanthrene, (C) 2,7-Diphenylphenanthrene.
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The determination of lattice energies and sublimation enthalpies is critical for predicting the stability,
polymorphism, and solubility of solid-state materials, which is particularly vital in pharmaceutical
development.” Because high-level quantum mechanical calculations scale poorly with system size?,
semi-empirical methodologies are necessary to balance energetic accuracy with computational
efficiency.

Our study utilizes the single-parameter CE-1-p—B3LYP model, implemented in CrystalExplorer 25°° to
calculate the lattice energies of a set of 20 polyphenylenes whose crystalline structure is known. This
model calculates lattice energy via a direct summation of intermolecular interaction energies over
molecular pairs, divided by the number of molecules in the asymmetric unit. The total intermolecular
interaction energy consists of five components: electrostatic, polarization, dispersion (using the
exchange-hole dipole model, XDM), exchange, and Pauli repulsion. The calculated lattice energies
were used to derive theoretical sublimations enthalpies for the studies compounds, incorporating
thermal and relaxation energy corrections using Gaussian 09.

The objective was to validate the CE-1-p—B3LYP methodology for computing lattice energies of
polyaromatic compounds and benchmarking them against experimental sublimation enthalpies. In the
case of the compounds studied the results obtained were compared with the experimental values for
the sublimation enthalpies and it was found that a good correlation was obtained. Establishing this
quantitative relationship allows researchers to predict thermodynamic behavior without relying on
thermal analysis, which can be time-consuming or hazardous.

References

1. A. J. Cruz-Cabeza, S. M. Reutzel-Edens, J. Bernstein Chem. Soc. Rev. 2015, 44, 8619-8635.

2. E. Olehnovics, Y. M. Liu, N. Mehio, A. Y. Sheikh, M. R. Shirts, M. Salvalaglio J. Chem. Theory Comput. 2025, 21, 2244-
2255.

3. C. F. Mackenzie, P. R. Spackman, D. Jayatilaka, M. A. Spackman J. Chem. Theory Comput. 2017, 13, 5386-5396.

4. P.R. Spackman, M. A. Spackman, J. D. Gale IUCrJ 2023, 10, 754-765.

5. C. F. Mackenzie, P. R. Spackman, D. Jayatilaka, M. A. Spackman /UCrJ 2017, 4, 575-587.

68



3 workshop on benchmarking solid state properties

0 ) BEST-CSP Lisbon, July 16-17, 2026

P26 Lattice enthalpy difference and relative stability at 298.15 K of
polymorphs | and lll of the thermosalient compound N’-2-propylidene-4-
hydroxybenzohydrazide

J. P. Ribeiro, R. G. Simbdes, M. E. Minas da Piedade

Centro de Quimica Estrutural, Institute of Molecular Sciences, Faculdade de Ciéncias, Universidade
de Lisboa, Campo Grande, 1749-016 Lisboa, Portugal

Email: joaopr2002@gmail.com

The study of molecular organic crystals capable of fast transduction of thermal energy into work
(thermosalient effect) is of special interest for a variety of practical applications, such as the
development of actuators or of energy-storage materials. One such system is N’-2-propylidene-4-
hydroxybenzohydrazide (Figure 1), which was previously found to exist in three polymorphic forms
related by irreversible (form | — form Il) and reversible (form Il <» form Ill) phase transitions in the solid
state.” The lattice enthalpy difference and stability of forms | and Ill, (the two forms that can be
maintained at ambient temperature) were assessed here using solution calorimetry measurements
carried out at 298.15 K and 1 bar according to a previously reported procedure.? The results led to
AwsH®n(crl — crlll) = 0.55+0.3 kJ mol™ indicating that the lattice enthalpy of form | is larger than that of
form lll. Slurry tests, where suspensions of forms | and Il were kept under stirring in acetonitrile, at
298.15 K, for one week, showed complete conversion of form Il into form I. This suggests that form |
has also lower Gibbs energy than form Il and is therefore the most stable form under ambient
conditions.

HO

A H_ (crl — crlll)

Figure 1. Molecular structure of N’-2-propylidene-4-hydroxybenzohydrazide and isothermal solution
calorimeter.
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Barbituric (BA) and thiobarbituric (TBA) acids differ in their structure by the presence of one sulfur atom
in TBA, instead of an oxygen atom in BA. Both compounds show a propensity for keto-enol
tautomerization (Figure 1), which was observed not only in solution, but in the solid-state as well.” Their
structural similarity is reflected in a fact that they readily form BAys:TBAg s solid solution,? and yet their
polymorphic and crystallization behavior is quite different. BA in its polymorphic forms is present mainly
in a keto form, but one of its polymorphs, form IV features the enol form. Meanwhile, TBA shows
somewhat higher tendency to tautomerization, with polymorphs built by keto, enol and keto-enol
tautomers.

To further investigate the crystallization preferences of BA and TBA, we have explored their propensity
to form cocrystals with pyrazine (PNA) and pyrazole (POL), using mechanochemical grinding, slurry, as
well as heating of a physical mixture. As a result four new cocrystals were obtained, differing not only in
their crystal packing, but also in the tautomer of a (T)BA present in each crystal. The *C CPMAS NMR
spectra for the four cocrystals features the presence of the keto tautomer in BA:PNA and the enol
tautomer in TBA:PNA, while in the cocrystals with POL a mixture of keto and enol tautomers is observed.
Periodic DFT calculations were used to explain these preferences, together with the experimental
verification of the thermodynamical stabilities of each of the forms.

HNiNH A )k )k
RSP S W P S O

TBA
Figure 1. Keto and enol tautomers of barbituric (BA) and thiobarbituric (TBA) acids.
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The solid-state behavior of amrinone (5-amino-3,4"-bipyridin-6(1H)-one) has been revisited with respect
to the crystalline forms reported in the 1980s."2 Early studies identified three polymorphic modifications
in the CSD (DUVZ0OJ01, DUVZ0OJ02, and DUVZOJ03), corresponding to a thermodynamically stable
a form and two B forms, including a structure exhibiting significant disorder. These structures are
characterized by unusually high numbers of symmetry-independent molecules in the asymmetric unit,
with Z' values ranging from 2 to 6, indicating notable structural complexity in the solid state, as was
mentioned earlier.?

)

DUVZOJ01- DUVZOJ02- DUVZOJ03-
overlay of 6 molecules overlay of 2 molecules overlay of 4 molecules

In this work, the crystal forms of amrinone were re-examined by SCXRD to confirm the structural models
and compare their packing arrangements.

Phase-stability and possible phase transitions were examined using differential scanning calorimetry
(DSC) and hot-stage microscopy. Solid-state nuclear magnetic resonance (ssNMR) and infrared
spectroscopy (FT-IR) provided complementary insights into hydrogen bonding and functional group
environment within the crystals. The structures were additionally compared using Hirshfeld surfaces,
QTAIM analysis and lattice energy calculations. This study represents an ongoing reinvestigation of
legacy crystal structures, combining experimental and computational approaches.
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Due to their organometallic nature, metal-organic frameworks (MOFs) share key features with
molecular crystals, where a complex interplay of covalent and non-covalent interactions dictates their
structure, cohesion, and internal dynamics. Computational microscopic insight is particularly powerful
for studying thermal expansion in these systems, where the magnitude and sign of the response often
require an atomistic description. While most solids expand upon heating, many MOFs exhibit
pronounced negative thermal expansion (NTE). This behaviour is technologically vital, enabling the
design of composites with tailored or near-zero expansion for optics, electronics, and biomedicine.

In this work, we present a systematic benchmarking of the quasi-harmonic approximation (QHA)
combined with a hierarchy of six density functional theory (DFT) models — ranging from generalized-
gradient approximation (PBE, BLYP) and meta-GGA (r2°SCAN, revM06-L) to hybrid functionals (PBEO,
B3LYP), all supplemented with D3(BJ) dispersion corrections. Our study targets four archetypal MOFs
representing diverse thermal responses: MOF-5 and HKUST-1 (isotropic NTE), Mg-MOF-74
(anisotropic NTE), and ZIF-8 (conventional positive thermal expansion).

Beyond predicting macroscopic observables such as temperature-dependent densities and volumetric
expansivity (ay), we employ a detailed mode-resolved Gruneisen analysis. By decomposing the bulk
thermal response into individual vibrational contributions, we identify the specific low-frequency
phonons and rigid-unit modes responsible for framework contraction. Furthermore, we utilize molecular
dynamics simulations to quantify the sensitive interplay between bond stiffness and angular flexibility at
node-linker joints, establishing these as the primary prerequisites for NTE. Our results provide a critical
evaluation of how the choice of exchange-correlation functional impacts the description of the potential
energy surface and vibrational response. This work establishes a robust computational protocol for the
rational design of hybrid materials with tailored thermal expansion properties, directly contributing to
the advancement of high-fidelity property prediction in crystalline systems.
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Research on polymorphism has been a longstanding topic in solid-state chemistry. Additionally, it holds
a special place within pharmacochemistry, as a thorough investigation of whether a system is able to
form polymorphs and under which conditions they form is vital in designing the production process or
storage conditions. Another crucial aspect is from the perspective of medicinal safety, since any late-
appearing polymorph, especially after production has completed, may compromise the integrity of the
medicinal form and change its properties. Predicting the phase behavior of such systems a priori
presents an important milestone in material science, especially with the option to perform such
predictions in silico.

In this work, we present such an in silico study, focusing on two co-crystal structures of the API
agomelatine, an anti-depressant.” We decided to investigate these systems by methods of crystal
structure prediction to search through their crystal landscapes and evaluate their potential to form
polymorphs. Since there is the possibility of certain molecular flexibility or even a large number of
molecular conformations, specifically in the case of the carboxyl groups on the coformer molecules, we
performed pre-generation conformational testing to isolate potential conformations of the molecules
capable of producing crystals of high enough density and energy. This allowed us to select interesting
possibilities for further generation and more candidates for potential polymorphs.

To generate the crystal structures themselves, the quasi-random generation algorithm mol-CSPy was
used,? known to have a good track record of replicating crystal structures of e.g. solid phases of ionic
liquids,® a case not too dissimilar from co-crystals. This was then followed by a further re-optimization
on the DFT/PBE-PAW level of theory and an assessment of the crystal Gibbs energy to gauge the
stability of the systems.
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Nitrosamines are classified as probable human carcinogens (substances that could cause cancer). The
limits for nitrosamines in medicines have been set using internationally agreed standards based on
lifetime exposure. Patients should generally not be exposed to a lifetime risk of cancer. The
N-nitrosation of secondary amines has been investigated in solution.” Nitrosamines can form in the solid
state of pharmaceutical drugs, though it's not a simple solid-state reaction but involves localized liquid-
like microenvironments. Maximum observed nitrosamine levels in solid drug stability studies vary by
formulation, nitrite content, and conditions.?

In this presentation the N-nitrosation reaction mechanism for the selected compounds were studied via
DFT calculations in solution microenvironment. The calculations aimed at identifying the key stationary
points on the potential energy surface, including reactant complexes, transition states, and product
minima, allowing for a detailed description of the reaction mechanism. Special emphasis was placed on
the characterization of the transition state associated with N—N bond formation, in line with previously
reported mechanistic models for nitrosation reactions. The stability of the formed nitrosamines in the
presence of the parent amine compounds in the solid state is investigated.®
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Molecular switches are multifunctional molecules capable of undergoing reversible chemical
transformations, such as photoisomerization, protonation/deprotonation, or redox reactions, in
response to external stimuli like light, pH changes, or electric potential, thereby mimicking the switching
behavior of electronic logic gates at the molecular level and thus, they are called Molecular Logic Gates.
Here, we studied the photophysical properties of five pseudo-hemi-indigo derivatives in chloroform
solvent and attached at graphene surface.’

In solvent, all structures, i.e., cis, trans, and transition states, have been studied via DFT (B3LYP and
PBEOQ) calculations employing the 6-31G(d,p) and def2tzvp basis sets. Shifts of up to 25 nm are
observed in the absorption spectra due to cis-trans isomerization, while the transition state is shifted up
to about 150 nm. Our results show good agreement with available experimental data.? One of the
molecules studied has the potential to be used as a molecular logic gate in solvent.

Then, the adsorption of the pseudo-hemi-indigo derivatives at graphene surface was studied, see Figure
1, at BALYP-D3 and wB97XD/6-31+G(d,p). Furthermore, the photophysical properties of the adsorbed
molecules were investigated. Our preliminary results show that the adsorption process results in
observing two additional intense peaks at about 400 nm and 330 nm. Our target is to evaluate their
potential to be used as molecular logic gates attached on the graphene surface.

Figure 1. Optimized structure of the adsorbed hemi-indigo pyrrole derivative at the graphene surface
using the B3LYP-D3/6-31+G(d,p) method.
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Racemic flurbiprofen (FBP), a low molecular weight glass-forming drug, was investigated by Dielectric
Relaxation Spectroscopy (DRS) and Differential Scanning Calorimetry (DSC), complemented by
Polarized Optical Microscopy (POM), with particular emphasis on isothermal crystallization leading to
the metastable polymorph II.

Upon cooling from the melt, FBP readily avoids recrystallization, forming a supercooled liquid that
vitrifies at Ty = —6 °C. Upon subsequent heating, cold (re)recrystallization into polymorph Il is observed;
nevertheless, conditions were found under which also melt-crystallization occurs. Therefore, in this
work, isothermal cold- and melt-crystallization experiments were performed at 16 °C, 20 °C and 24 °C
using both DRS (Figure 1) and DSC. These measurements enabled the extraction of crystallization
Kinetic parameters, revealing an increase in crystallization rate with temperature within the studied
range. The agreement between dielectric and calorimetric data demonstrates the suitability of
combining these techniques to probe molecular mobility and phase transformation mechanisms, while
POM images provide direct visual evidence of the crystallization process and associated morphological
changes (inset of Figure 1).

The results highlight the importance of controlling crystallization conditions to access and potentially
stabilize this less stable polymorph, which may be relevant for tuning physicochemical properties such
as solubility and improving drug performance.
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Figure 1. Real-time DRS monitoring of the imaginary dielectric permittivity of FBP during isothermal melt-
crystallization at 24 °C (3600 s, spectra every 90 s). Inset: POM image after similar crystallization

conditions at 1800 s (magnification 200%, crossed polarizers).
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During drug development, the solubility of active pharmaceutical ingredients (APIs) in aqueous media
is of considerable importance, since many drugs currently under development may never reach the
market due to bioavailability issues related to low solubility. One approach to improving solubility is the
preparation of APIs as amorphous phases via, for example, quench cooling (QC) or ball milling (BM).
Amorphous phases are, however, thermodynamically unstable, as they correspond to a nonequilibrium
state with tendency to relaxation and crystallization. It is, therefore, important to assess their stability
and thermal behavior if their use is in view." This was done in the present study for different anhydrous
sorafenib (Figure 1) amorphous phases, prepared by QC or BM. The thermal behavior was
characterized by modulated differential scanning calorimetry (MDSC) and thermally stimulated
depolarization currents (TSDC),? while stability was evaluated in terms of cohesive enthalpy differences
relative to the corresponding crystalline phase obtained by solution calorimetry.® Overall, the results
revealed small but significant differences between amorphous phases prepared by different methods.
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Figure 1. Molecular structure of anhydrous Sorafenib.
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The geometries of Compounds A, C, and H were first optimised using the MACE-OFF23 (large)’
machine-learning interatomic potential and the ASE? Python library, using the BFGS algorithm with force
convergence thresholds of 0.01 eV/A. Both atomic positions and lattice parameters were relaxed (with
fixed cell angles to preserve symmetry) under atmospheric pressure. After that, NPT molecular
dynamics simulations (MTK full barostat, semi-isotropic pressure coupling) were performed in a
temperature range of 5-350 K in 5 K steps, with 10 repetitions of 10,000 steps at each temperature
point to ensure adequate statistical sampling. The structural configurations from the 10 repetitions were
averaged at each temperature, with omitting outliers, to yield a single representative structure. The
calculations were carried out using UMLIP-Interactive.® The resulting unit cell parameters as a function
of temperature were then imported into PASCal* to determine the volumetric thermal expansion
coefficient (targets A3, H6) and linear thermal expansion coefficients along individual lattice vectors
(C3, C4). Lattice vector lengths (A1, C2) and the unit cell volume (A2) at target temperatures were
extracted directly from the temperature-dependent structural series. For Compound C, the dihedral
angle between the two aromatic ring planes (C1) was monitored as a function of temperature across
the MD trajectory.

Figure 1. Molecular structure of anhydrous Sorafenib.
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