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WHATEVER THE SIZE OF YOUR CRYSTALS, 
WE HAVE A DIFFRACTOMETER FOR YOU
• A full range of diffractometers in every performance class
• HyPix technology for noise-free direct detection
• CrysAlisPro software powers all of our diffractometers

As a researcher, you might not be able to choose the size of crystals you can grow, but you 

can choose the diffractometer you use to study them. At Rigaku Oxford Diffraction, we have  

developed a diffractometer in every performance class, from the XtaLAB mini II, the world’s 

most compact diffractometer, to the XtaLAB Synergy-ED, the world’s first commercially available 

electron diffractometer. Choose your diffractometer to fit your research. Choose Rigaku.
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Dear ICCOSS Participants, 

Welcome to Ohrid, and welcome to Macedonia! 

This 25th ICCOSS meeting marks an important milestone in the ICCOSS series of 
conferences, which for nearly half a century it has been gathering the organic solid-state 
research community. We are thrilled to host you in one of the most distinct cultural, spiritual 
and historic cities of Europe, the City of Ohrid, on the coast of the Europe’s oldest lake, 
the Ohrid Lake.  

When we were strolling along the busy streets of Manhattan during the last conference in 
2019, nobody could have predicted that the world would change so much in just a couple 
of years. Due to the unforeseen pandemic that spread soon after that meeting, we had to 
postpone this conference, which was originally planned for 2021. In consultation with the 
members of the ICCOSS’ Advisory Board, we decided to hold the meeting this year and in 
person, in hope that our vibrant research community will have the opportunity to come 
together and reconnect, as it has been doing since the first conference in 1968. And that 
spirit we believe is well reflected in this year’s conference headline, “(Re)building bridges 
in the solid-state research community”. We truly hope that you will enjoy the wonderful 
science of the lectures and posters submitted to this year’s conference, but we equally 
hope that you will find some time to relax, rejuvenate and enjoy informal discussions, some 
great Macedonian cuisine and wine, and the beautiful views of the Ohrid Lake’s crystal-
clear waters. 

Considering the travel restrictions that are still in place in some parts of the world, we are 
pleased that in this year’s conference we have about 120 participants coming from 23 
countries, with a very favorable gender and age balance. To increase inclusion in the 
conference’s program, especially of young-career researchers, this year we’ve introduced 
the role of co-chairs, who, together with the chairs, will provide a brief overview of the 
directions related to the session they are chairing. We’ve also increased the number of 
plenary speakers, and we allocated funds for early-career and women researchers. We 
are pleased to have four fantastic plenary speakers who come from four different 
continents. 

Finally, I would like to thank you all for making an effort to come to Macedonia. We are 
aware that some of you have travelled far, probably had to cancel your participation in 
other meetings with scheduling conflicts, and perhaps had to take care of other, family-
related or personal commitments. We are also aware that in times of world’s crisis the 
budgets for research and international travel are inevitably affected, and we would like to 
take this opportunity to thank you for your attendance despite these challenges.  

We sincerely hope that this conference will be a fruitful and enlightening experience for 
you, both with the state-of-the-art organic solid-state chemistry that we hope to hear about, 
and with the cultural and tourist offer that Ohrid and Macedonia can provide for you and 
your accompanying persons. 

 

On behalf of the Organizing Team, 

 

Panče Naumov    

MESSAGE FROM THE ORGANIZING COMMITTEE 
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SPONSORS 

 

GOLD SPONSOR 

❖ Rigaku 
 

SILVER SPONSORS 

❖ International Union of Crystallography (IUCr)  
❖ Carbanio Plus 
❖ Eldico Scientific 
❖ International Center for Diffraction Data 

 

BRONZE SPONSORS 

❖ Bruker 
❖ Chemistry of Materials (ACS) 
❖ Crystal Growth & Design (ACS) 
❖ Accurion 

 

OTHER SPONSORS  

❖ Yokogawa 
❖ CrystEngComm (RSC) 
❖ Mittco 
❖ International Union of Crystallography Journals 
❖ Anritsu 
❖ Chemical Science 
❖ Tikveš 
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ICCOSS MEETINGS 

 

1. Brookhaven, USA (1968) 

2. Rehovot, Israel (1970) 

3. Glasgow, Scotland (1972) 

4. Bordeaux, France (1975) 

5. Boston, USA (1978) 

6. Freiburg, Germany (1982) 

7. Crete, Greece (1985) 

8. Lyon, France (1987) 

9. Como, Italy (1989) 

10. Vancouver, Canada (1991) 

11. Jerusalem, Israel (1993) 

12. Matsuyama, Japan (1995) 

13. Stony Brook, USA (1997) 

14. Cambridge, UK (1999) 

15. Mainz, Germany (2001) 

16. Sydney, Australia (2003) 

17. Los Angeles, USA (2005) 

18. Merida, Venezuela (2007) 

19. Sestri Levante, Italy (2009) 

20. Bangalore, India (2011) 

21. Oxford, UK (2013) 

22. Niigata, Japan (2015) 

23. Stellenbosch, South Africa (2017) 

24. New York, USA (2019) 

25. Ohrid, Macedonia (2022) 
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A BRIEF TOURIST GUIDE TO OHRID 
 
Ohrid – the pearl of the Balkans, Jerusalem of Europe 

In the heart of the Balkans, at the outermost southwest part of Macedonia, on the 
banks of the Ohrid Lake, lies the City of Ohrid. Ohrid is considered one of the most 
ancient towns on the Balkans. It is a living testament of the cultural exchange of 
many civilizations and an everlasting mark of their presence.  

Within a space of only a few square kilometers, an exquisite museum of classical 
and medieval art has been preserved. Ohrid presents a true archeological treasury, 
with many archeological sites that date back to the neolithic, antique and medieval 
periods. The oldest record of Lychnidos (“City of Lights”), as Ohrid was known in 
the ancient times, is related to Philip II of Macedon (ca. 353 BC). In the medieval 
times, Ohrid was an important economic and cultural center that also hosted an 
extraordinary combination of natural beauty, architecture and art.  

At the end of the 9th century and the beginning of the 10th century, due to the 
educational mission of Sts. Clement and Naum of Ohrid, the town became the 
oldest and most important cultural center in the Slavic culture. In the 9th century 
(886), they established the Ohrid Literary School, which is considered to be the 
the first ‘university’ in Eastern Europe, as an educational institution. Towards the 
end if the 10th century, Ohrid became the center of the first medieval state of the 
Macedonian Slavs, under the reign of Tzar Samuel, whose fortress was built on the 
hill overlooking the town. For several centuries, the town was also the center of the 
autocephalous Ohrid archbishopric. 

Located on the northern banks of the lake, and beneath the Tzar Samuel’s 
fortress, the Old Town has preserved the signature of many civilizations. The Old 
Town hosts the Ancient Theater, early Christian basilicas, a number of churches 
built between the 9th and 14th century, hundreds of square meters of fresco 
paintings, a gallery of icons, old manuscripts, and other rarities.  

At some point, there were 365 churches in Ohrid – one for every day of the year 
(the number is very likely to exceed 400 at present). The impressive urban 
architecture from the 19th century that can be seen in the old part of the town and 
represents the Macedonian architecture of that time, which reflects a harmony and 
beauty of the combination of simple architectural elements. A particularly popular 
spot is the Old Bazaar, a collection of old shops with a variety of crafts – locally 
made pearls, filigrees, and traditional items made of copper and textile. 
 
Ohrid Lake—Europe’s oldest lake 

With about 1.4 million years under its belt, Lake Ohrid is Europe’s oldest. As one of 
the world’s few ancient lakes, it’s on a short list of water bodies like Lake Baikal and 
Lake Tanganyika. Some sources say there are only eight ancient lakes in the world 
(others put the number at 20) – normally formed by some tectonic anomaly (Lake 
Ohrid was formed by a geotectonic depression) that fortifies them against sediment 
filling. 

A long life-span and isolation have helped these lakes support species that can only 
be found in their waters. For this reason, they’re often called “hot spots” of evolution. 
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Lake Ohrid is no different. In Ohrid’s depths alone, there are twenty species of 
algae, two plant species, five species of zooplankton and ten species of fish. But its 
bottom fauna is the most diverse, making up 176 of the species endemic to the lake. 
So prevalent are these native lifeforms that exotic species don’t seem to be a major 
issue for Lake Ohrid. Why do native species dominate? It has to do with Ohrid’s 
water. As an oligotrophic lake, it’s low in plant nutrients and high in dissolved oxygen 
levels, and the endemic species have been around long enough to evolve and 
adapt. Macedonia's side of Lake Ohrid was declared a World Heritage Site by 
UNESCO in 1979, with the site being extended to also include the cultural and 
historic area of Ohrid in 1980. In 2010, NASA named one of Titan's lakes of liquid 
ethane and methane Ohrid Lacus after the Ohrid Lake. 

 

The Legacy of Sts. Cyril and Methodius 

Cyril (born Constantine, 826–869) and Methodius (815–885) were two brothers and 
Byzantine Christian theologians and missionaries. For their work evangelizing the 
Slavs, they are known as the "Apostles to the Slavs", and are widely celebrated for 
their educational work among the Eastern-European countries. The mission of the 
two Thessalonian brothers is truly a prophecy not only of the development of the 
peoples of Eastern Europe, but even of their conflicts. They were sent by the 
Byzantine Emperor Michael III in the year 862, at the request of Prince Rostislav, 
the leader of the Slavs of Great Moravia, who had vainly sought an audience with 
Pope Nicholas I in Rome. The latter did not believe in the sincerity of the ‘barbarians’ 
from the East Europe who wanted to become Christians. 

Cyril was a philosopher and man of letters at the pinnacle of Constantinople's 
culture, and he decided to bring his brother, the monk Methodius, who shared with 
him his Macedonian origins and knowledge of the Slavic dialect, which they 
elevated to the dignity of an official, even liturgical language. He expressed his 
doubts to the emperor that the task might be as futile as 'writing words on water'. 
Instead, they succeeded in inventing an alphabet, Glagolitic, which was later 
replaced by Cyrillic, and performed the miracle of having it approved by both Rome 
and Constantinople, uniting Eastern and Western Europe. 
 
The Legacy of St. Clement of Ohrid 

Saint Clement of Ohrid (c. 830-840 – 916) was one of the first medieval scholars, 
writer and enlightener of the Slavs. He was one of the most prominent disciples of 
Saints Cyril and Methodius and is often associated with the creation of the 
Glagolitic and Cyrillic scripts, especially their popularisation among Christianised 
Slavs. St Clement is also believed to have invented the modern Cyrillic alphabet. 
He was the founder of the Ohrid Literary School and is regarded as a patron of 
education and language by some Slavic people. This first Slavic university was 
founded by St Clement 1,100 years ago and it became a centre where all the best 
professors, bishops and archbishops, were educated. They spread Slavic literature, 
culture, singing, and art all across the Balkans and Europe. Saint Clement is also 
the patron saint of Macedonia, the city of Ohrid and the Macedonian Orthodox 
Church, as well as of other countries in South-Eastern and East Europe. 
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Places to visit in and around Ohrid 
 

 
 

Legend: 

1. Tzar Samuel’s Fortress 

2. The Ancient Theater 

3. Church St. Sophia 

4. St. Jovan Kaneo 

5. The Gallery of Icons 

6. St. Bogorodica Perivlepta 

7. The National Museum – The House of Robevci 

 

(1) Tzar Samuel’s Fortress (Самуилова Тврдина) (10th 

century): The Tzar Samuel’s Fortress is one of the largest medieval 
fortifications in Macedonia. With its massive walls and ramparts, it 
occupies the entire summit of the hill of Ohrid.  

(2) The Ancient Theater (Антички театар) (3rd century BC): 
The Ancient Theater was built around 200 BC, and is one of the 
bes-preserved Hellenistic theaters in Macedonia. During the Roman 
times, the theater was used for gladiator fights. 
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(3) Church St. Sophia (Црква Света Софија) (11‒14th 
century): The church was the cathedral church for the 
Archbishopric of Ohrid, and it was a signature of the medieval art in 
the period of Macedonian dynasty in Byzantium.  

(4) St. Jovan Kaneo (Св. Јован Канео) (13th century): The 
church stands as one of the finest and most visited spots, on a cliff, 
overlooking Lake Ohrid. It is one of the most featured images of 
Lake Ohrid and Macedonia. 

(5) The Gallery of Icons (Галерија на Икони): This is one of the 
rare Orthodox Christian icon galleries. It hosts about thirty original 
medieval icons. The different epochs have left their chronological 
and stylistic signatures upon the icon painting in Ohrid, that can be 
followed over a millennium, till mid-11th century till the end of 19th 

century.     

(6) St. Bogorodica Perivlepta (Света Богородица Перивлеп-
та) (13th century): The paintings in the church St. Bogorodica 
Perivlepta (The Holy Mother of God Perivleptos) mark a new 
chapter in the medieval fresco painting which later became known 
as Palaelogus Renaissance.   

(7) The National Museum – House of Robevci (Национален 
музеј – Куќата на Робевци): The National Museum in Ohrid, 
which is currently a branch of the Macedonian National Museum, 
contains archeological collection of artefacts dating from the 
prehistoric times, and from the classical and medieval periods of 
Ohrid’s history.   

(8) The Bay of Bones Museum (Музеј на коските): 
Reconstructed village of stilt houses displaying Bronze & Iron Age 
items recovered from Lake Ohrid. About 15 minutes ride from your 
hotel along the coast. (the location is not shown on the map) 
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Recommended cafes in Ohrid 
 
Potpesh Beach 

Potpesh beach is considered a 
magical place that claims the 
best view and position in Ohrid. 
A restaurant and a bar are 
available to spend quality time 
overlooking the beach. 

 

Noa 
A whopping great lounge overlooking 
the lake with a terrace overhanging 
the water. Their limited menu 
includes great pizza, which makes it 
a place worthy of visitng for the view 
and food. 

 

 

Terazza Aquarius 

The terrace sits over the 
splashing waves of the 
lake. Terazza is one of the 
most popular places in 
town throughout the year, 
often turning into a 
nightspot in the evenings 
with frequent live concerts. 
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Organizer: Dr. Panče Naumov 
Tel: +971-50-6420290 (UAE number) 
Email: pn21@nyu.edu 
 
Assistant for queries: Ms. Sarah Galang 
Email: sg6250@nyu.edu 
 
Hotel Inex Olgica: 
Ms. Vicky Nastovska 
Tel: +389-46-277-520 
Email: marketing@hotelinexgorica.com.mk 
 
Logistics support (transportation, tours):  
Mr. Pero Jakimov 
+389-46-260-423; +389-46-279-393; +389-46-279-394 
Email: gen2000@t.mk 
 
Main venue details: 
Hotel Inex Olgica 
Tel: +389-46-277-520 
Email: marketing@hotelinexgorica.com.mk 
Address: Naum Ohridski 5/7, MK-6000 Ohrid, Macedonia 
 
Emergency numbers 
112 General emergency 
192 Police 
193 Fire brigade 
194 Ambulance 
 
Country code and format 
The country calling code of Macedonia is +389. Area codes should 
always be dialed, even within the country. 
An example for calling telephones in Skopje is as follows: 
02 xxxxxxx (within Skopje) 
02 xxxxxxx (within Macedonia) 
+389 2 xxxxxxx (outside Macedonia) 

CONTACT INFORMATION 
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Shuttle bus timetable (available July 3 – 8, 2022)* 
 

Hotel Inex Olgica – Ohrid City 
Center 

Ohrid City Center – Hotel Inex 
Olgica 

09:15 09:30 

12:15 12:30 

15:45 16:00 

19:15 19:30 

21:15 21:30 

 

 

*The conference logo/name will be displayed in 
front of the bus. If you need to make a stop-over 
en route, please notify the bus driver. 

 

 

The usual taxi fare between the two destinations is about 230 
denars (220‒230 denars = 3.65 €, $4.1). Taxis are commonly 
available in the city, and there will be one or two in front of the hotel. 
Always ask the taxi driver to switch on the taximeter, if they don’t do 
that. Most taxi drivers speak basic English but if not you can use the 
phrase “Samo so taksimetar, ve molam” (can you please sitch the 
taximeter on, please).  

 

 
Airprot pickup/drop off duration times: 
 
Transfer Hotel Inex Olgica – Skopje                        2:30h 
Transfer Skopje Airport – Hotel Inex Olgica            3:00h 
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Recommended Restaurants 
 

Restaurant Cuisine Address Phone 

Kaj Kanevche 
 

Mediterranean, 
European, Eastern 
European, Central 
European 

Kočo Racin 39, 
6000 Ohrid 

+389 70 800 760 
 

The Lion Ohrid International, 
European 

Kej Makedonija 81, 
6000 Ohrid 

+389 46 262 002 

Dr.Falafel 
 

Fast Food,  
Middle Eastern 

7-mi Noemvri 45A, 
6000 Ohrid 

+389 76 651 361 

Kaneo 
 

Seafood, 
Mediterranean, 
European 

Kočo Racin 43, 
6000 Ohrid  

+389 70 776 837 

Gladiator 
 

Mediterranean, 
European,Eastern 
European 

Brakja Miladinovi 
14, 6000, Ohrid   

+389 78 261 482 

VIVA Ksantika 
 

European, Eastern 
European, 
Vegetarian  

Samuilova 23, 6000 
Ohrid  

+389 46 205 003 

Di Angelo Pizzeria 
 

Italian, Pizza, 
European 

Petar Čaulev 31, 
6000 Ohrid  

+389 46 260 003 

Via Sacra 
 

Italian, Pizza, 
Mediterranean 

Apartments Via 
Sacra, 6000 Ohrid  

+389 75 440 654 

Fruit Box 
 

Vegetarian, Vegan 
Options 

St Clement of Ohrid 
100 (in the central 
Bazaar), 6000 
Ohrid  

+389 77 573 232 

Villa & Winery Mal 
Sv. Kliment 
 

European, Wine 
Bar, Vegetarian  

Metodi Patčev 8, 
6000 Ohrid  

+389 46 250 655 

Restaurant Antico 
 

European, Italian Car Samoil 30, 
6000 Ohrid  

+389 75 397 908 

Hotel Tino 
Restaurant 

Macedonian, 
international, Italian 
cuisine  

Kej Makedonija 55, 
6000 Ohrid  

+389 46 230 450 

Restaurant Sveta 
Sofija 

Macedonian Car Samoil 88, 
6000 Ohrid  

+389 70 261 573 

Leonardo Pizzeria 
 

Italian, Pizza, 
European 

Car Samoil 31, the 
Old Town, 6000 
Ohrid  

+389 46 260 359 

 

 
 

  

https://www.tripadvisor.com/Restaurants-g303864-c30-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-c33-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-c18-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-c18-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-c16-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-c16-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-c18-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-zfz10665-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-c26-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-c18-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-c26-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-c28-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-zfz10697-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-zfz10697-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-c18-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-zft10682-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-zft10682-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-c26-Ohrid_Southwestern_Region.html
https://www.tripadvisor.com/Restaurants-g303864-c31-Ohrid_Southwestern_Region.html
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SCIENTIFIC PROGRAM 
 

Sunday, July 3 

SESSION: Plenary talks 

(Diamond Hall, Hotel Inex Olgica) 

16:00 ICCOSS Registration desk open 

18:10 Panče Naumov, Opening Remarks 

18:30 Plenary lecture 1: Craig Eckhardt, University of 

Nebraska-Lincoln, USA                       

Fifty Years with Organic Solid-State Chemistry 

19:30 Plenary lecture 2: Aurora J. Cruz-Cabeza, 

University of Manchester, UK                                              

Un-twisting the Twisted: Challenges of Molecular 

Flexibility for the Solid-State and Crystallisation 

20:30 Dinner at the hotel restaurant 

  

https://www.google.com/maps/place/NYU+Global+Center/@40.7299183,-73.9981741,15z/data=!4m5!3m4!1s0x0:0xf7bb4f5e09346ff5!8m2!3d40.7299183!4d-73.9981741
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Monday, July 4  Morning Session 

08:00 Registration desk open, Hotel lobby                                  

07:30-

08:40 

 Breakfast, Hotel restaurant 

SESSION 1: CRYSTALS THAT MOVE AND DEFORM 

08:40   Session overview 

09:00 Marijana Đaković, University of Zagreb, Croatia 

A Maze of Crystal Adaptability 

09:40 Hideko Koshima, Waseda University, Japan 

Light-Driven Crystal Actuation 

10:20-

11:00 
Coffee Break 

11:00 Luca Catalano, Université Libre de Bruxelles, 

Belgium 

Understanding Martensitic Organic Crystals: from 

Molecular Dynamics to Macroscopic Motion 

11:40 Kana M. Sureshan, IISER Thiruvananthapuram, 

India  

Topochemical Reaction Led Mechanical Responses 

12:00 Željko Skoko, University of Zagreb, Croatia  

Do Crystals Need to Shrink in Order to Jump? 

12:20-

13:30 
Lunch, hotel restaurant / terrace 

 
  



ICCOSS XXV, Ohrid, Macedonia 

18 

 

Monday, July 4 Afternoon Session 

SESSION 2: CRYSTALS IN COMPUTERS 

13:30 Session overview 

13:50 Carole Morrison, University of Edinburgh, UK 

Towards the Rational Design of Energetic Materials 

with Tailored Impact Sensitivities 

14:30 Martijn Zwijnenburg, University College London, UK 

The Emergence of Electronic and Optical Properties 

in Organic Materials Arising from the Structural 

Organisation of Organic Building Blocks 

15:10- 

15:40 
Coffee Break 

15:40 Snežana Zarić, University of Belgrade, Serbia 

Interactions of Aromatic Rings in Crystal Structures 

16:20 Ljupčo Pejov, Ss. Cyril and Methodius University, 

Macedonia 

Structural Perturbations and Vibrational Spectra of 

Bent Molecular Crystals: Periodic DFT Coupled with 

Multivariate Statistics Approach 

16:40 Marta Dudek, Polish Academy of Sciences, Poland 

Determination of Molecular Conformation in Organic 

Crystals using Combined Crystal Structure Prediction 

(CSP) – Solid State NMR Approach 

17:00 – 

19:00 

Poster Session A (odd numbers)  

Diamond Hall 

19:00 Dinner (Hotel restaurant) 

20:00 
Macedonian folk dance performance (Hotel 

terrace) 
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Tuesday, July 5 Morning Session 

08:00 Registration, Hotel lobby                                  

07:30-

08:40 

Breakfast, Hotel resturant 

SESSION 1: CRYSTALS THAT GROW 

08:40 Session overview 

09:00 Peter Vekilov, University of Houston, USA 

The Elementary Reactions for Incorporation into 

Crystals 

09:40 Magalí Lingenfelder, Max Planck-EPFL, 

Switzerland 

Proteins that Grow on Surfaces: from Single 

Molecules to Medicine 

10:20-

11:00 
Coffee Break 

11:00 Assaf Gal, Weizmann Institute of Science, Israel 

Mechanisms of Biological Control over Crystal 

Morphogenesis 

11:40 Marieh Al-Handawi, New York University Abu 

Dhabi, UAE 

Harvesting of Aerial Water by Hygroscopic Salt 

Excrections of the Desert Shrub Tamarix aphylla 

12:00 Leah Javitt, Weizmann Institute of Science, Israel 

The Chemical Nature of Electrofreezing of Super 

Cooled Water 

12:20-

13:30 

Group Photo – Hotel terrace 

Lunch – Hotel restaurant / terrace 
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Tuesday, July 5 Afternoon Session 

SESSION 2: CRYSTALS FOR DEVICES 

13:30 Session overview 

13:50 Rajadurai Chandrasekar, University of Hyderabad, 

India 

Mechanophotonics: A Roadmap to All-Organic 

Photonic Integrated Circuits from Nano/Micro 

Organic Solids 

14:30 Delia Haynes, Stellenbosch University, South Africa 

Towards Functional Materials with Dithiadiazolyl 

Building Blocks 

15:10- 

15:40  
Coffee Break 

15:40 Helena Shepherd, University of Kent, UK 

Solid-State Switching of Donor-Acceptor Stenhouse 

Adducts 

16:20 Hagai Cohen, Weizmann Institute of Science, Israel 

Consequences of the Semi-Gap in Metal Free 

Perovskite Crystals 

16:40 Amit Mondal, IISER Kolkata, India 

Metal-Like Ductility and Malleability in Organic 

Plastic Crystals 

17:00 – 

19:00 

Poster Session B (even numbers), Diamond Hall 

17:30 – 

18:30 

ICCOSS Advisory Board meeting, Golden Hall / 

online hybrid meeting 

19:30 Boat cruise and light dinner on boat 
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Wednesday, July 6 Morning Session 

08:00 Registration, Hotel lobby                                  

07:30- 

08:40 

Breakfast, Hotel resturant 

SESSION: CRYSTALS IN NATURE & MEDICINE  

08:40 Session overview 

09:00 Kevin Roberts, University of Leeds, UK 

Molecular, Solid-State and Surface Structures of the 

Conformational Polymorphic Forms of Ritonavir in 

Relation to their Physicochemical Properties 

09:40 Jessica Bruhn, NanoImaging Services, USA 

Structure Determination via MicroED in the 

Pharmaceutical Industry: Lessons Learned from 

Solving 50+ Structures 

10:20- 

11:00 
Coffee Break 

11:00 James De Yoreo, University of Washington, USA 

An in situ Look at Interfacial Controls on 

Crystallization in Biomolecular and Biomimetic 

Systems 

11:40 Tomče Runčevski, Southern Methodist University, 

USA 

Titan in a Jar 

12:00 Gérard Coquerel, Université de Rouen Normandy, 

France 

Transfer of Chirality: from a Single Supramolecular 

Chirality in Crystals to a Stereospecific 

Crystallization in a Conglomerate Forming System 

12:40 Boat trip to the St. Naum Monastery 
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14:00 Lunch, Resturant at the St. Naum Monastery 

16:30  Boat leaves the site to the hotel 

19:00  Dinner at the hotel resturant 

18:00 Advisory Board members reception 

(by invitation only) 
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Thursday, July 7 Morning Session 

08:00 Registration, Hotel lobby                                  

07:30-

08:40 

Breakfast, Hotel resturant 

SESSION 1: CRYSTALS UNDER LIGHT AND FORCE 
 

08:40 Session overview 

09:00 James Mack, University of Cincinnati, USA 

Mechanochemistry is Just Chemistry 

09:40 Len MacGillivray, University of Iowa, USA 

Building Molecules in Crystals 

10:20- 

11:00 
Coffee Break 

11:00 Calvin Sun, University of Minnesota, USA 

Crystallographic Origin of the Contrasting 

Deformation Behaviors of a Molecular Crystal 

During 3 Point Bending and Powder Compaction 

11:40 Manas Kumar Panda, Jadavpur University, India 

Light-Fueled Macroscopic Motion by Organic 

Crystals 

12:00 Manuel Fernandes, University of Witwatersrand,  

South Africa 

Activating the Thermosalient Effect in Crystals by 

Photochemical Reaction 

12:20-

13:30 
Lunch – Hotel restaurant / terrace 
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Thursday, July 7 Afternoon Session 

SESSION 2: CRYSTAL SURFACES AND INTERFACES  

13:30 Session overview 

13:50 Franziska Emmerling, Federal Institute for 

Materials Research and Testing (BAM), Germany 

Mechanochemical Formation of Multicomponent 

Crystal Systems: Mechanism & Kinetics 

14:30 Maria Chiara di Gregorio, Weizmann Institute of 

Science, Israel 

Metal-Organic Crystals: Shaping, Uniformity and 

Symmetry Breaking 

15:10- 

15:40 
Coffee Break 

15:40 Igor Sokolov, Tufts School of Engineering, USA 

Detection of Different Phases of Polymer Material 

Using New Modes of Atomic Force Microscopy 

16:20 Alexei Tivanski, University of Iowa, USA 

The effect of Nanosizing on Mechanical Properties 

of Organic Crystalline Solids 

16:40 Sharmarke Mohamed, Khalifa University of 

Science and Technology, UAE 

Is Mechanochemistry Biased Towards 

Thermodynamic Products of Crystallization? 

Insights from Experimental and Computational 

Methods 

17:30 Dinner in town, Buses leave from hotel to town 

21:30 
Return to hotel / Explore the Ohrid nightlife 

Buses leave from hotel to town 
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Friday, July 8 Morning Session 

08:00 Registration, Hotel lobby                                  

07:30-

08:40 

Breakfast, Hotel resturant 

SESSION 1: CRYSTALS WITH HOLES 
 

08:40 Session overview 

09:00 Miguel A. Garcia-Garibay, UCLA, USA 

Emergent Properties of Molecular Dipolar Arrays 

09:40 Kim Jelfs, Imperial College London, UK 

Unravelling the Effects of Defects and Disorder in 
Porous Materials through Computation 

10:20- 

11:00 
Coffee Break 

11:00 Ognjen Miljanić, University of Houston, USA 

Greenhouse Gas Capture in Porous Molecular 

Crystals 

11:40 Consiglia Tedesco, University of Salerno, Italy 

Cyclic Peptoids: a Playground for Non-Covalent 

Interactions 

12:00 Jason Benedict, University of Buffalo, USA 

Diarylethene-Based Crystalline Materials: Design 

and Function 

12:20-

13:30 
Lunch – Hotel restaurant / terrace 
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Friday, July 8 Afternoon Session 

SESSION 2: CRYSTALS AND METHODS 

13:30 Session overview 

13:50 Kenneth Harris, Cardiff University, UK 

Structure Determination of Organic Materials from 

Powder X-ray Diffraction Data: Opportunities for 

Multi-technique Synergy 

14:30 Ute Kolb, Technische Universität Darmstadt, 

Germany 

Automated Diffraction Tomography – Solving 

Crystal Structures of Beam and Vacuum Sensitive 

Organics 

15:10- 

15:40 
Coffee Break 

15:40 Adam A. L. Michalchuk, Federal Institute for 

Materials Research and Testing (BAM) 

Time Resolved in situ Monitoring of 

Mechanochemical Transformations 

16:20 Suzanna Ward, CCDC, UK 

Fun and Engaging Ways to Share the Wonders of 

Crystallography 

16:40 Christian Göb, Rigaku 

Structure Determination of Small Molecule 

Compounds by an Electron Diffractometer for 3D 

ED/MicroED 

17:00 Plenary Lecture 3: Masako Kato, Kwansei Gakuin 

University, Japan 

Photofunctional Soft Crystals Based on Platinum(II) 

Complexes 
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18:00 Pleanary Lecture 4: Len Barbour, Stellenbosch 

University, South Africa 

(Title TBA) 

19:00 Closing remarks 

19:15 Dinner (Hotel restaurant) 
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Saturday, July 2 Workshop   

WORKSHOP: Neutron and X-ray Methods for Structural 

Analysis of Organic Materials (pre-registration required) 

Golden Hall (hotel basement) 

07:30-

09:00 

Breakfast, Hotel restaurant 

09:00  Workshop overview, Tomče Runčevski 

09:15 Mirijam Zobel, RWTH Aachen University, Germany 

Recent Advances in Laboratory PDF Experiments 

09:55 Maxwell Terban, Max Planck Institute for Solid 

State Research, Germany 

Insights into Organic Materials Using the Pair 
Distribution Function 

10:35- 

11:00 
Coffee Break (workshop participants only) 

11:00 Robert Dinnebier, Max Planck Institute for Solid 

State Research, Germany 

X-ray Powder Diffraction in Education 

11:40 Sebastian Bette, Max Planck Institute for Solid 

State Research, Germany 

XRPD data Analysis of Stacking Faulted, Organic 

Materials 

12:20 Thomas Blanton, International Centre for Diffraction 

Data (ICDD) 

Advanced Materials Characterization Using Powder 

Diffraction Techniques and the Powder Diffraction 

File 

13:00-

14:00 

Lunch-Hotel restaurant / terrace 
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 S1   Fifty Years with Organic Solid State Chemistry 

Craig Eckhardt 

University of Nebraska-Lincoln, USA 
 
The 25th meeting of ICCOSS provides a significant milestone in the 
development of the relatively new discipline of organic solid-state chemistry. 
It is therefore appropriate to survey the status of the field. An admittedly 
somewhat idiosyncratic view of the development of organic solid-state 
chemisstry, both retrospective and prospective, will be presented from the 
perspective of over five decades of research on organic solids. 
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S1   Un-twisting the Twisted:  Challenges of Molecular Flexibility for 
the Solid-State and Crystallisation 

Aurora J. Cruz-Cabeza 

University of Manchester, UK 
 
Molecular flexibility has a profound impact on the number of possible ways 
molecules can pack in the solid state. The phenomenon of Conformational 
Polymorphism has been well-studied [1] and recognised to be very common 
in complex pharmaceuticals [2]. Certain flexible compounds are also well 
known to be difficult to crystallise [3]. 

In this plenary lecture, we will discuss recent work in our group regarding 
molecular flexibility and its impact to crystal structure and crystallisation. First, 
we show how the Cambridge Structural Database may help in the 
identification of unusual conformations in the solid-state and why a 
classification may be helpful [4]. We then discuss the impact of solvation on 
molecular conformation [5] and how its modelling remains a big challenge for 
the field [6,7]. Finally, we question whether or not molecular flexibility has the 
potential to impact nucleation and growth kinetics of flexible compounds [8].  
 
References:  
 
[1]. A.J. Cruz-Cabeza, J. Bernstein, Chem. Rev. 2014, 114, 2170-2191. 
[2]. A.J. Cruz-Cabeza., S.M. Reutzel-Edens, J. Bernstein, Chem. Soc. Rev. 
2015, 44, 8619-8635. 
[3]. L. Yu, S.M. Reutzel-Edens, C.A. Mitchell, Org. Process Res. Dev. 2000, 
4, 396-402 
[4]. S.E. Wright, M.J. Bryant, A.J. Cruz-Cabeza, CrystEngComm 2020, 43, 
7217-7228. 
[5]. S.E. Wright, M.J. Bryant, A.J. Cruz-Cabeza, Cryst. Growth Des. 2021, 21, 
6924-6936. 
[6]. Chandler Greenwell, Jessica L McKinley, Peiyu Zhang, Qun Zeng, 
Guangxu Sun, Bochen Li, Shuhao Wen, Gregory JO Beran, Chem. Sci. 2020, 
11, 2200-2214. 
[7]. G.J.O. Beran, S.E. Wright, C. Greenwell and A.J. Cruz-Cabeza, J. Chem. 
Phys. 2022, 156, 104112. 
[8]. S. K. Tang, R.J. Davey, P.  Sacchi, and A.J. Cruz-Cabeza, Chem. Sci. 
2021, 12, 993-1000. 
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S1   A Maze of Crystal Adaptability 

Marijana Đaković  

University of Zagreb, Faculty of Science, Croatia 
 
Mechanical adaptability to external stimuli is a highly desired property of 
crystalline solids as it enables their potential usages in a variety of emerging 
technologies. Although most of synthetic crystalline materials are largely 
incapable of dynamic responsiveness upon exposure to an external 
mechanical stimulus, relatively recently it has been demonstrated that those 
materials, under certain circumstances, may respond flexibly to external 
stimuli while still maintaining their integrity. However, to be able to implement 
mechanically responsive materials in smart devices, a control of their 
behavior with high accuracy is required.  

Crystalline coordination polymers, in particular 1-D ones, emerged as ideal 
model systems for exploring structural background and underlying principles 
that lead to targeted flexible responsiveness of crystalline materials. 
Moreover, they yielded a remarkable spectrum of extraordinary mechanical 
responses which were further explored via a number of advanced and 
custom-designed experimental methods, and in turn correlated with a variety 
of structural and energetic features.[2-5] Some of these properties, which will 
be presented in this contribution, reveal a striking resemblance of crystalline 
solids to soft materials, while a control of those provide additional advantages. 
 
References: 
 
[1] P. Naumov, D. P. Karothu, E. Ahmed, L. Catalano, P. Commins, J. M. 
Halabi, M. B. Al-Handawi, L. Li, J. Am. Chem. Soc. 142 (2020) 13256−13272. 
[2] M. Đaković, M. Borovina, M. Pisačić, C. B. Aakeröy, Ž. Soldin, B.-M. 
Kukovec, I. Kodrin, Angew. Chem. Int. Ed. 57 (2018) 14801–14805. 
[3] M. Pisačić, I. Biljan, I. Kodrin, N. Popov, Ž. Soldin, M. Đaković, Chem. 
Mater. 33 (2021) 3660–3668. 
[4] M. Pisačić, I. Kodrin, I. Biljan, M. Đaković, CrystEngComm 23 (2021) 
7072–7080. 
[5] M. Pisačić, I. Kodrin, A. Trninić, M. Đaković, Chem. Mater. 34 (2022) 
2439–2448. 
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S1   Light-Driven Crystal Actuation 

Hideko Koshima 

Waseda University, Japan  
 
Mechanically responsive molecular crystals that move macroscopically by 
external stimuli such as light and heat have been extensively studied over the 
past decade. Such actuation crystals are not only interesting from the 
viewpoint of basic research, but are also expected to be applied to switches, 
actuators, and soft robots [1,2]. Many actuation crystals developed to date 
have been based mainly on photoisomerization (photochemical reaction) and 
to some extent on phase transition. Recently we have discovered that crystals 
bend quickly due to the photothermal effect, which is a new actuation 
mechanism [3-5]. In this conference, the differences and characteristics of 
crystal actuation by photoisomerization and photothermal effect will be 
compared and discussed. 
 
References: 
 
[1] Mechanically Responsive Materials for Soft Robotics. H. Koshima, Ed. 
Wiley-VCH, Weinheim (2020). 
[2] H. Koshima, S. Hasebe, Y. Hagiwara, T. Asahi, Isr. J. Chem. 61, 683–696 
(2021). 
[3] Y. Hagiwara, T. Taniguchi, T. Asahi, H. Koshima, J. Mater. Chem. C 8, 
4876–4884 (2020) 
[4] S. Hasebe, Y. Hagiwara, J. Komiya, M. Ryu, H. Fujisawa, J. Morikawa, T. 
Katayama, D. Yamanaka, A. Furube, H. Sato, T. Asahi, H. Koshima, J. Am. 
Chem. Soc. 143, 8866–8877 (2021). 
[5] S. Hasebe, Y. Hagiwara, K. Takechi, T. Katayama, A. Furube, T. Asahi, 
H. Koshima, Chem. Mater. 34, 1315–1324 (2022). 
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S1   Understanding Martensitic Organic Crystals:  from Molecular 
Dynamics to Macroscopic Motion 

Luca Catalano 

Université Libre de Bruxelles, Belgium 
 
Crystals are traditionally thought to be inert, brittle, and fragile. However, it 
has been demonstrated that molecular crystalline materials can undergo a 
broad range of dynamic processes, from the nanoscale to the macroscopic 
world.[1,2] Among these crystalline dynamics, solid-to-solid polymorphic 
phase transitions via a diffusionless process, defined as martensitic or shape-
memory phase transitions, are particularly interesting features for the design 
of novel adaptive functional materials bridging the gap between soft matter 
and inorganic solids, and shaping a new research field.[2,3] 

We are currently studying the martensitic phase transitions of a series of 
organic semiconductors, such as dtBu-BTBT and TIPS-pentacene,[4] to 
elucidate the intimate molecular mechanisms of this peculiar solid-state 
dynamic process. To achieve this goal, we are combining a broad range of 
characterization techniques, such as single-crystal X-ray diffraction (XRD), 
synchrotron powder XRD, Raman and THz spectroscopies, dielectric 
spectroscopy, simulations, and high-field THz pump-probe experiments. An 
in-depth understanding of martensitic organic crystals can open new venues 
in the design and synthesis of crystalline multifunctional materials that can be 
exploited, for example, as tunable optoelectronic devices, actuators, and self-
healing functional systems, and it could allow an unprecedented control over 
crystal polymorphism. 

 
References: 
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S1   Topochemical Reaction Led Mechanical Responses 

Kana M. Sureshan 

IISER Thiruvananthapuram, India 
 
The properties of solid materials are decided by their molecular packing. Order 
imparts special properties to materials and polymers are no exception. 
However the polymer products formed in traditional solution-phase polymer 
synthesis are usually amorphous in nature.  We have been interested in 
synthesizing ordered covalent polymers  via topochemical reactions.  We have 
developed topochemical azide-alkyne cycloaddition (TAAC) reaction and 
topochemical ene-azide cycloaddition (TEAC) reaction for synthesizing 
ordered covalent polymers in the solid state. We have synthesized several 
biopolymer mimics by using these reactions and applications of a few have 
been demonstrated.[1-19] In some cases, the polymerization generated strain 
in the crystal that led to various mechanical responses. In this talk, I will be 
giving glimpse of our work on these areas. 
 
References: 
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S1   Do Crystals Need to Shrink in Order to Jump? 

Željko Skoko 

Department of Physics, Faculty of Science, University of Zagreb, Croatia 
 
Imagine the surprise on one’s face when during the microscopic evaluation of 
the crystals they start to literally jump providing a vivid example of 
thermosalient effect. Thermosalient materials undergo an energetic phase 
transition during heating/cooling which is so sudden that the crystals are 
ballistically projected to heights of several hundred times larger than their own 
dimensions. Apart from providing visually extremely attractive phenomenon, 
these materials have tremendous technological potential as the future self-
actuation devices (nanoswitches, thermal sensors, artificial muscles, etc.). 
Several studies on the origin of the thermosalient effect were published 
resulting in a wealth of information, but still we are far from the full 
understanding of the peculiarities and all the interplays and forces that are 
governing it. One property that most of the thermosalient materials have in 
common and which strikingly stands out is negative thermal expansion. 

Here we present investigation of three thermosalient materials: N'-2-
propylidene-4-hydroxybenzohydrazide, oxitropium bromide and scopolamine 
bromide. In-situ high-temperature and high-pressure XRD as well as DFT 
calculations were used to enable the insight into structural changes that 
proceed and likely consequently trigger the thermosalient phase transitions. 
Non-ambient measurements showed that compounds under study manifest 
intriguing behaviour such as negative thermal expansion but also, in same 
cases, negative compressibility. The focus of our investigations then shifted 
and expanded towards elucidation of the underlaying mechanisms, on 
molecular level, that cause such unusual thermal expansions and 
compressibilities. The case of N'-2-propylidene-4-hydroxybenzohydrazide 
proved to be most exciting one, exhibiting the specific hydrogen bonding that 
forms a wine-wrack network coupling both negative thermal expansion with 
negative compressibility. 

 
 



ICCOSS XXV, Ohrid, Macedonia 

37 

 

 S1   Towards the Rational Design of Energetic Materials with Tailored 
Impact Sensitivities 

Carole Morrison 

University of Edinburgh, UK 
   
Impact sensitivity – literally a measure of how hard you need to hit an energetic 
material to induce detonation – is an important safety metric in energetic 
materials research. It is a difficult measurement to reliably record, however, as 
it will fluctuate with sample purity, crystal morphology, humidity, temperature 
and operator experience. This experimental variability motivated our work to 
devise a purely ab initio predictive model for impact sensitivity, which requires 
knowledge of just the crystallographic unit cell, and access to first principles 
(DFT) simulation. Having a predictive model is more than just an academic 
curiosity, as it allows exploration of structure/property relationships at the most 
fundamental of levels. This means that the search for new energetics with 
enhanced safety metrics could be screened for computationally, long before 
the synthetic chemist is tasked with making explosive molecules with unknown 
properties. This lecture will introduce our impact sensitivity predictor model, 
and outline some fascinating new insights into energetic materials that it allows 
us to learn.  
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 S1   The Emergence of Electronic and Optical Properties in Organic 
Materials Arising from the Structural Organisation of Organic Building 
Blocks 

Martijn Zwijnenburg 

University College London, UK 
 
In my contribution I will discuss what computational chemistry calculations can 
tell us about how arranging organic building blocks together via either covalent 
or supramolecular bonds gives rise to emergent electronic and optical 
properties of the resulting “aggregates”. I’ll also discuss how these emergent 
properties of the resulting materials, be it amorphous polymeric solids, 
supramolecular polymers, gels or crystalline organic solids, can be exploited in 
practical applications such as photocatalysis, photoconductivity and solar cells. 
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 S1   Interactions of Aromatic Rings in Crystal Structures 

Snežana Zarić 

University of Belgrade, Faculty of Chemistry, Serbia 
 
The interactions of aromatic rings were studied by analyzing data in the 
Cambridge Structural Database (CSD) and in the Protein Data Bank (PDB). 
The analyses of the crystal structures enable the description of their 
geometries, while quantum chemical calculations give the estimate of their 
strengths.  

The analysis of benzene/benzene interactions in crystal structures from the 
CSD shows preference for parallel stacking interactions at the large offsets. 
Surpassingly, the most frequent parallel stacked benzene/benzene geometries 
are not at the calculated energy minimum (at offset of 1.5 Å) but the ones at 
large offset (3.5-5.0) [1].  At a displacement of 5.0 Å, the benzene−benzene 
attraction is still ∼70% of the strongest interaction compared to benzene-
cyclohexane where interaction decreases to ∼40% of its maximum strength. 
Therefore, the “region of attraction” of benzene−benzene stacking interactions 
have a remarkable advantage since two benzenes (phenyl groups) can 
recognize each other over a great range of distances [1].  Additionally, the 
interactions at large offsets leave aromatic ring faces available for the formation 
of additional simultaneous interactions with other molecules from the 
surrounding, which overall stabilizes the supramolecular structures in the 
crystals. 

Differently than the analysis of the data in the CSD, the analysis of the 
aromatic/aromatic interaction in the PDB shows preference for T-shaped 
geometries with small offsets [2]. The aromatic/aromatic geometries observed 
in the PDB are in better agreement with calculated aromatic/aromatic potential 
energy surface, indicating smaller influence of the surrounding in the proteins, 
and quite large influence in crystal structures of small molecules from the CSD.  
  
References: 
 
[1] Ninković D. B; Blagojević Filipović J. P.; Hall M. B; Brothers E. N.; Zarić, S. 
D.; ACS Cent. Sci., 2020, 6, 420-425. 
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S1   Structural Perturbations and Vibrational Spectra of Bent Molecular 
Crystals: Periodic DFT Coupled with Multivariate Statistics Approach 

Ljupčo Pejov 

Institute of Chemistry, Faculty of Science, Ss. Cyril and Methodius 
University, Macedonia 
 
Perturbations of the structure of organic molecular crystals occurring as a 
consequence of mechanical bending are practically inaccessible with the 
current diffraction methods. However, combining microfocus IR spectroscopy 
data with the results obtained with periodic density functional theory 
calculations and multivariate statistics approach allows for a deconvolution of 
the contributions of individual lattice parameters distortions to the actual 
spectral appearance. At the same time, the developed theoretical 
methodology allows more in-depth insights into the physical reasons 
governing the observed spectral trends to be gained. The approach is 
demonstrated on the hexachlorobenzene (HCB) crystal as a particular 
example. HCB crystal bending is accompanied by notable shift and 
broadening of the intramolecular stretching bands, as well as by evolution of 
new bands. Lattice expansion usually leads to vibrational frequency red-
shifts, while contraction brings about more pronounced blue-shifts. The more 
pronounced lattice contraction effects can be attributed to the vibrational 
“wall-effects”, taking place as a consequence of intra-crystalline Pauli 
repulsion. Angular distortions of the unit cell generate much more complex 
and non-uniform trends in vibrational frequencies than the 
expansion/contraction ones. Convoluting the computed trends in the 
vibrational frequencies with the multivariate probability distribution functions 
describing the bending-induced structural perturbations allows for exact 
prediction of the vibrational spectra of bent molecular crystals.  
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 S1   Determination of Molecular Conformation in Organic Crystals 
Using Combined Crystal Structure Prediction (CSP) – Solid State NMR 
approach 

Marta Dudek 

Polish Academy of Sciences, Center of Molecular and Macromolecular 
Studies, Poland 
 
Many organic crystals are notoriously challenging to characterize structurally 
at the atomic level due to their tendency to crystallize as microcrystalline 
powder. Here, we demonstrate the benefits and limitations of using crystal 
structure prediction (CSP) calculations in combination with solid-state NMR 
spectroscopy to fully describe crystalline structures of so far not-characterized 
polymorphic forms of pharmaceutical-like systems. Such molecules usually 
display fairly high level of flexibility, resulting in a large number of possible 
molecular conformations which have to be accounted for in a CSP search. 
While solid-state NMR spectroscopy can successfully assist in limiting this 
search space, a bunch of ambiguities in the interpretation of experimental 
data often lessens its usefulness. We show how a combined theoretical and 
experimental approach used in a step-by-step manner helps in circumventing 
the disadvantages of each of the methods alone. With it, we were able to 
describe elusive polymorphic forms of furazidin and meloxicam, as well as of 
two new cocrystals of linezolid (Figure 1a) and of a monohydrate of a cyclic 
dipeptide (Figure 1b). Using this set of examples, together with cases in which 
the CSP-NMR approach failed to deliver a decisive answer, lessons can be 
learned about the existing boundaries and weak points of this method. 
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 S1  The Elementary Reactions for Incorporation into Crystals 

Peter Vekilov 

University of Houston, USA 
 
Crystals endow natural and synthetic materials with essential structures and 
functions. The crystallization rates and pathways are largely dictated by the 
slow ingress of solute molecules into specifically structured sites on the 
crystal surfaces, the kinks, but the mechanism that administers incorporation 
into the kinks remains elusive. We show that the incorporation of a solute 
molecule into a kink divides into two elementary reactions. First, the solute 
forms an intermediate complex, in which it binds, but only partially, to the 
molecules that comprise the kink; the solute relocates to the kink in the 
second step. We combine time-resolved in situ atomic force microscopy with 
all-atom molecular dynamics simulations to examine the crystal growth of 
etioporphyrin I, which represents a class of materials with appealing 
electronic properties. We employ solvents with distinct functionalities as 
reporters on the molecular structures and dynamics along the incorporation 
pathway. Violating the classical models of solution crystallization, the 
measured activation barriers for crystallization from four solvents disconnect 
from the respective strengths of the solute-solvent interactions. Experiments 
and simulations resolve this controversy to reveal an intermediate state, 
stabilized by solute-solvent contacts, that breaks incorporation into two 
elementary reactions. The spatial constraints on solvent access to the open 
solute sites rank how much the distinct solvents stabilize the intermediate 
state and set the height of the barrier to be surmounted for incorporation. The 
proposed two-step scheme of molecular incorporation presents a new 
paradigm for solution crystallization that may contribute to understanding 
crystallization in nature and expedite the selection of solutes, solvents, and 
additives in the crystallization process design of organic pharmaceuticals and 
advanced materials. 
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 S1  Proteins that Grow on Surfaces: from Single Molecules to Medicine 

Magalí Lingenfelder 

Max Planck-EPFL, Switzerland 
 
The tracking of proteins and biomolecules at surfaces via dynamic scanning 
probe microscopy offers a way to unravel the mechanisms underlying self-
assembly. A high resolution, fast scanning atomic force microscope combined 
with in-situ liquid flow allowed us to measure the kinetics of molecular self-
assembly across length (nm to um) and time scales (seconds to days) at the 
solid/liquid interface [1]. This approach allowed us to resolve within a single 
experiment the kinetic pathway of S-layer proteins at the solid–liquid 
interface, obtaining a model that accounts for the nucleation, growth and 
structural rearrangements in 2D protein self-assembly. Moreover, we 
demonstrated that a pattern of alternating, chemically distinct nanoscale 
domains drastically increases the rate constants of self-assembly compared 
to non-patterned chemically homogeneous substrates [2]. By controlling 
protein-assembly at the nano and the micro scale, we created bioinspired 
antimicrobial materials effective against multi-resistant bacteria [3].  
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 S1   Mechanisms of Biological Control over Crystal Morphogenesis 

Assaf Gal 

Weizmann Institute of Science, Israel 
 
Directing crystal growth into complex shapes is challenging, as crystals tend 
to adopt thermodynamically stable morphologies. Yet, many organisms form 
crystals with intricate morphologies that are under strict biological control. It 
was long hypothesized that the complex morphologies of such crystals 
materialize from numerous crystallographic facets, stabilized by fine-tuned 
interactions between organic molecules and the growing crystals. In this talk, 
I will present our studies of unicellular organisms that precipitate exquisite 
calcium carbonate crystals within specialized organelles. Using state-of-the-
art electron tomography, we examined the native-state environment in which 
the crystals grow and the various stages of their development in 3D. We found 
that the crystals are growing in extreme confinement, expressing only one set 
of symmetry-related crystallographic facets, which grow differentially to yield 
highly anisotropic shapes. These findings suggest that a pivotal controller of 
biological crystallization is the confined crystallization volume, which gives 
rise to localized growth kinetics that yield complex crystalline morphologies. 
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 S1   Harvesting of Aerial Water by Hygroscopic Salt Excrections of the 
Desert Shrub Tamarix aphylla 

Marieh Al-Handawi 

New York University Abu Dhabi, UAE 
  
Water-harvesting structures of plants and animals thriving in arid regions that 
use morphophysiological traits in conjunction with surface chemistry to 
harvest aerial humidity could provide bioinspired solutions to the extant 
problem of water scarcity. The halophytic desert shrub Athel tamarisk 
(Tamarix aphylla) survives in deserts by sequestering high concentrations of 
inorganic ions in its tissues and secreting salts through specialized salt glands 
on its aerial parts. Here, we demonstrate that the plant uses the high 
hygroscopicity of some of the excreted salt crystals to condense water vapor 
at lower humidity, possibly to harvest water over a wider range of aerial 
humidity. The excreted ions follow the diurnal cycle to repeatedly deliquesce, 
dissolve and crystallize as a mixture of inorganic salts. The physiology of this 
species is unique for using a combination of saline-excreting and water-
harvesting mechanisms simultaneously to minimize the loss of water while 
maximizing the release of ions. The capture of aerial humidity by using 
biogenic, environmentally benign adsorbents could provide a bioinspired 
approach to aerial water-collection or cloud-seeding applications. 
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S1   The Chemical Nature of Electrofreezing of Super Cooled Water 

Leah Javitt 

Weizmann Institute of Science, Israel 
 
Ice melts at 0 oC, however, water can be supercooled to -40 oC without 
freezing. The icing of supercooled water (SCW) can be influenced 
heterogeneously by electric effects, a process known as electrofreezing. This 
effect was first discovered during the 19th century; however, its mechanism 
is still debated. By using pyroelectric crystals [1,2] and currently electrolytic 
cells, we show that heterogeneous electrofreezing of SCW is a chemical 
process influenced by an electric field and specific ions. Polar crystals 
possess a net dipole moment resulting in their pyroelectricity, displaying 
short-lived surface charges at their hemihedral faces as a result of 
temperature change. We show that bicarbonate ions, when attracted by 
positively charged pyroelectric surfaces, elevate the icing temperature, 
whereas their counterparts, hydronium ions, when attracted by the negatively 
charged surfaces, reduce the icing temperature. Molecular dynamic 
simulations showed that due to their trigonal planar geometry, bicarbonate 
ions help stabilize “ice-like” nuclei. It was experimentally confirmed that other 
trigonal planar ions such as NO3-, guanidinium+ and the quasi-hexagonal 
biguanidinium+1 ion elevate the icing temperature while other ions operate as 
“ice-breakers” [2]. Furthermore, this chemical mechanism is supported by 
experiments in metallic electrolytic cells. In certain metals such as Co and Ti, 
bicarbonate ions elevate the freezing temperature of SCW, while in others it 
had no effect.  
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 S1   Mechanophotonics: A Roadmap to All-Organic Photonic Integrated 
Circuits from Nano/Micro Organic Solids 

Rajadurai Chandrasekar 

University of Hyderabad, India 
 
Recently, nano/micro organic solids have emerged as promising materials for 
producing miniaturized organic photonic components, such as optical 
waveguides (active/passive), lasers, resonators (including chiral ones), filters, 
and modulators suitable for constructing organic photonic integrated circuits 
(OPICs).[1-2] Miniature crystal (rigid/flexible) optical waveguides[1-8] are 
useful for controlling and manipulating light propagation down to microscale. 
In optical resonators, [3] their mirror-like geometry allows them to trap the 
photons tightly by repeated total internal reflection at the air-matter interface 
and produce multimodal optical emissions. Selective reabsorbance of broad-
band optical emission in microcrystal waveguides lessens the bandwidth of 
the propagating light signal producing a long-pass filter effect. [10] 

Atomic force microscopy (AFM) is an effective technique to mechanically 
micromanipulate miniature organic photonic components towards OPICs - an 
approach known as mechanophotonics.[1-3] I will discuss the construction of 
OPICs with active, passive, and energy-transfer attributes using 
mechanophotonics.[9-10] The fabricated OPICs switch, split, direct, and filter 
optical signals useful for signal enhancement, sensing, information 
processing and switchable photonic device applications. 
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 S1   Towards Functional Materials with Dithiadiazolyl Building Blocks 

Delia Haynes 

Stellenbosch University, South Africa 
 
The 1,2,3,5-dithiadiazolyls (DTDAs) have been the focus of much research 
due to their potential as building blocks for molecular materials with interesting 
magnetic or conducting properties [1]. However, DTDAs frequently dimerise 
in the solid state via an interaction known as pancake bonding [2], rendering 
them diamagnetic. We have attempted to overcome this dimerisation through 
the inclusion of DTDAs in various multicomponent crystals. 

Initially, we investigated co-crystal formation as a way to overcome 
dimerisation in DTDAs [3]. Several DTDA co-crystals have been 
characterised by our group and others. Experimental charge density studies 
[4] as well as computational investigations have shed some light on the nature 
of the dimerisation interaction in these co-crystals. In related studies, we have 
shown that co-sublimation of DTDAs allows for control of the morphology and 
polymorphic form of a monomeric DTDA radical. 

The inclusion of DTDAs in porous hosts has also been investigated [5], as 
well as the coordination of DTDAs to metalloporphyrins [6]. The 
multicomponent crystal approach with DTDAs appears to be a promising 
route for the construction of crystalline materials with interesting physical 
properties.  
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 S1   Solid-State Switching of Donor-Acceptor Stenhouse Adducts 

Helena J. Shepherd 

University of Kent, UK 
  
Donor-acceptor Stenhouse adducts (DASAs) are a recently developed class 
of organic molecular photoswitches [1]. They switch reversibly between a 
strongly coloured, hydrophobic triene form and a colourless, hydrophilic 
cyclopentanone structure in dilute solutions [2]. However, to the best of our 
knowledge, no evidence of switching in the solid state has yet been reported 
due to the large structural rearrangement required during switching.  We will 
present the first such example of thermally-induced solid state switching in 
crystalline DASA materials and discuss the factors that may result in 
increased molecular motility of switchable crystalline solids. 
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 S1   Consequences of the Semi-Gap in Metal Free Perovskite Crystals 

Hagai Cohen 

Weizmann Institute of Science, Israel 

 

Large single-crystals of metal-free perovskites, DABCO-NH4-Br3, exhibiting 
high crystalline quality and remarkably low defect densities, were grown. 
Their optical absorption and, hence, related optoelectronic properties are not 
very promising for photovoltaic applications. On the other hand, particularly 
high X-ray detection efficiencies have been demonstrated, which is not quite 
expected for compounds composed of only light elements. Our study reveals 
an intriguing band structure consisting of a novel semi-gap, upon which 
particularly long life-time of the excited charge is dictated. The semi-gap 
presents two central features: (1) an extremely wide secondary-gap below the 
top valence band and (2) an inherent spatial separation between the highly 
localized valence and conduction orbitals. Thus, features of general interest 
emerge (see Xin Song et al., Adv. Mat. 32, 2003353, 2020). Recent results 
with crystals consisting of different halides, as well as the replacement of 
ammonium by hydrazine, shed further light on the potential compatibility of 
such band structures to high excitation-energy studies and related devices. 
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 S1   Metal-like Ductility and Malleability in Organic Plastic Crystals 

Amit Mondal 

IISER Kolkata, India 
 
Ductility, which is a common phenomenon in many metals, is difficult to 
achieve in molecular crystals. Organic crystals have been recently shown to 
bend plastically on one or two face specific directions, but they fracture when 
stressed in any other arbitrary directions.[1] Here, we present an exceptional 
metal-like ductility and malleability in the isomorphous crystals of two globular 
molecules, BH3NMe3 and BF3NMe3, with characteristic tensile stretching, 
compression, twisting, thinning (increase of width over 500%) and so on.[2] 
Surprisingly, the mechanically deformed samples not only retain good long 
range order, but also allow structure determination by single crystal X-ray 
diffraction. Molecules in these high symmetry crystals interact predominantly 
via electrostatic forces (B–-N+) and form columnar structures, thus forming 
multiple slip planes with weak dispersive forces among columns due to the 
presence of shape synthon forming methyl groups. While the former 
interactions hold molecules together, the latter facilitate exceptional ductility. 
On the other hand, the limited number of facile slip planes and strong 
dihydrogen bonding in BH3NHMe2 negates ductility. The structure property 
correlation established in these aminoborane plastic crystals with exceptional 
ductility and ability to retain crystalline order may enable designing highly 
modular, easy-to-cast crystalline functional organics, for applications in solid-
state electrolytes, adaptable electronics (soft ferro/piezo/pyro-electrics), 
barocalorimetry (solid coolants), soft-robotics etc.[3] 
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S1 Molecular, Solid - State and Surface Structures of the Conformational 
Polymorphic Forms of Ritonavir in Relation to their Physicochemical 
Properties 

Kevin Roberts 

School of Chemical and Process Engineering, University of Leeds, UK 
 
A multi-scale molecular modelling workflow is applied to characterise the 
conformational polymorphs of ritonavir with regard to its stability, 
bioavailability and processing behaviour.  

The form I conformation is more stable and polarized with more efficient 
intermolecular packing, lower void space and higher density, however its 
shielded hydroxyl is only able to act as a hydrogen bond donor. In contrast, 
the hydroxyl group in the more open but less stable and polarized form II 
conformation is both a donor and acceptor resulting overall in stronger 
hydrogen bonding and hence a more stable crystal structure but one that is 
less dense.  

Both forms have strong 1D networks of hydrogen bonds and the significant 
differences in packing energies are partially offset in form II by its 
conformational deformation energy difference with respect to form I. The 
lattice energies converge at shorter distances for form I, consistent with its 
preferential crystallization at high supersaturation.  

Both forms exhibit needle/lath-like crystal habits with slower growing 
hydrophobic side and faster growing hydrophilic capping habit faces with 
aspect ratios increasing from polar-protic, polar aprotic and non-polar 
solvents, respectively. Surface energies are higher for form II than form I and 
increase with solvent polarity. The higher deformation, lattice and surface 
energies of form II are consistent with its lower solubility and hence 
bioavailability. 
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 S1   Structure Determination via MicroED in the Pharmaceutical 
Industry: Lessons Learned from Solving 50+ Structures 

Jessica Bruhn 

NanoImaging Services, USA  
 
Methods for characterizing the crystalline solid state are of significant 
importance, especially for the pharmaceutical industry, where crystal 
structures not only provide important information about molecular connectivity 
and configuration but also information about lattice interactions, which are 
important during the solid formulation process. Unfortunately, some 
crystalline materials are challenging to characterize by traditional methods, 
namely single crystal X-ray diffraction (scXRD), because they fail to form large 
crystals (≥5-10microns in the smallest dimension). Microcrystal electron 
diffraction (MicroED), a 3D ED technique, has recently emerged as an 
attractive alternative to scXRD because it does not require the growth of large 
crystals, and can instead work on powders composed of micro/nano-crystals 
down to ~0.2 microns in the smallest dimension. MicroED opens the door to 
accurate structural information for a much wider array of samples and in many 
cases can eliminate the need to for time consuming crystallization screening 
and crystal hit optimization efforts. This talk with provide background on 
electron crystallography, discus the advantages and disadvantages of this 
technique, and touch on our experience determining more than 50 unique 
MicroED structures of pharmaceutical compounds. 
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 S1  An in situ look at interfacial controls on crystallization in 
biomolecular and biomimetic systems 

James De Yoreo 

University of Washington, USA 
 
The emergence of order in materials systems ranging from simple salts to 
complex supramolecular assemblies has long been viewed through the lens 
of classical nucleation theory in which monomeric building blocks assemble 
into ordered structures through inherent thermal fluctuations that overcome a 
free energy barrier. However, recent observations have revealed a rich set of 
hierarchical crystallization pathways involving higher-order species ranging 
from multi-ion clusters to dense liquid droplets to transient amorphous or 
crystalline particles. Other research has shown that introduction of extrinsic 
factors, including soluble additives, surfaces, and macromolecular templates, 
can be used to select for a preferred pathway to the final state or to drive 
entirely new pathways and outcomes. Living systems are particularly adept 
at exploiting this strategy; through the process of biomineralization, they 
control the phase, morphology and organization of inorganic components to 
produce materials solutions to their functional requirements. Here I use 
examples from in situ AFM and in situ TEM studies of interfacial structure, 
nucleation and assembly in biomolecular and biomimetic systems, including 
protein-directed nucleation of calcium carbonate and calcium phosphate and 
mineral-directed nucleation of 2D protein crystals, to elucidate the 
mechanisms by which additives and interfaces direct crystallization 
processes, leading to unique materials and morphologies. The results reveal 
the importance of surface charge, chemical gradients, and solvent 
organization near interfaces in determining how ordered materials emerge 
from the solution. 
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 S1   Titan in a Jar 

Tomče Runčevski 

Southern Methodist University, USA 
 
Titan, Saturn’s icy moon, is an ideal planetary body to study prebiotic 
chemistry, origins of life, and the potential habitability of an extraterrestrial 
environment. It features a nitrogen-based atmosphere, complex organic 
chemistry fueled by radiation from the sun and Saturn’s magnetosphere, 
ethane-based lakes on top of water-ice surface on the poles, organic dunes 
on the equator, and seasonal evaporation and precipitation of hydrocarbons 
in a process notably similar to Earth’s hydrological cycle. As part of NASA’s 
New Frontiers Mission, a rotorcraft named Dragonfly will be launched in 2027 
and is expected to arrive on the surface of Titan in 2034. In light of the 
imminent Dragonfly mission, revisiting the fundamental chemistry of the 
smallest organic molecules that make-up the surface of Titan is of outmost 
importance. Here, we present our findings derived from experimental 
modeling of the composition and structure of the Titanean haze and surface 
mineral deposits, with the accent on benzene and the simplest nitriles.  
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 S1  Transfer of Chirality: from a Single Supramolecular Chirality in 
Crystals to a Stereospecific Crystallization in a Conglomerate forming 
System 

Gérard Coquerel 

Universite de Rouen Normandy, France 
 
Induction of chirality could have been one of the phenomena involved of the 
emergence of life. It is also of industrial interest for access of molecules with 
the desired handedness. Thus, there are, at least, two good reasons to 
examine how chirality could be transferred from one compound to another 
one. In this study we focus on crystallization-based method of transfer of 
chirality.  

The initial system is a prochiral molecule: M which crystallizes in one of the 
65 Sohncke space groups. A group of crystals can be made homochiral (M// 
or M\\) by applying different symmetry breaking methods such as: Kondepudi 
nucleation with stirring, Viedma Ripening or Temperature cycling induced 
deracemization (i.e. TCID) (1).  This is easy to implement because there is no 
chirality in solution. If Viedma ripening or TCID are applied the pure 
homochirality in the solid state is obtained by the following evolution of the 
system: 

(1) (50%) M// + (50%) M\\  (100%) M// or (100%) M\\ 
The evolution can be speed-up by adding agonist effect such as ultrasounds 
(2) and the initial system can have any scalemic composition for the same 
final evolution towards homochirality in the enantiomer that was initially in 
excess. 

The second system is an intrinsic chiral molecule M* which is a conglomerate 
forming system (3). We will suppose that M and M* share a lot of common 
features. For instance, the prochiral molecule M could undergo a minor 
substitution which make it intrinsically chiral (M*). M* could also be a sulfoxide 
(intrinsically chiral) and M a sulfone (prochiral) These extensive analogies will 
help in the transfer of chirality. A preferential crystallization (in solution or in 
the molten state) can be induced by seeding with M// (or M\\) a supersaturated 
solution of (±) M*. 
(II) (50%) M(-) + (50%) M(+) ---(seeds M//)---->  (100%) M// or (100%) M\\ 
There is then a transfer of chirality from supramolecular chirality in the solid 
state to an intrinsic chiral system. 
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S1   Mechanochemistry is Just Chemistry 

James Mack 

University of Cincinnati, USA  
 
Since we have started our research in mechanochemistry we have been 
faced with answering one major question, is organic chemistry under 
mechanochemical conditions the same or different than it is in solution?  Over 
years we have selected various organic reactions in order to better 
understand the similarities and differences of conducting reactions in solution 
and conducting reactions under mechanochemical conditions.  Using 
reactions such as the Diels-Alder reaction, Wittig reaction, substitution 
reactions and various metal catalyzed reactions, we have observed some of 
the nuances of mechanochemical reactions and can start to predict when 
these reactions will be similar to traditional solution reactions and when they 
will be different. We will present the similarities and differences between these 
very different methods of performing chemical reactions and provide a guide 
for when to choose one path over another.   
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 S1   Building Molecules in Crystals 

Len MacGillivray 

University of Iowa, USA  
 
Outstanding opportunities currently exist for chemists to harness principles of 
supramolecular chemistry as a mean to construct molecules in crystals. 
Hydrogen bonding, halogen bonding, coordination chemistry, coordination to 
boron, and interactions between metals are now being used to confront 
crystal packing forces to routinely assemble reactive centers (e.g. alkenes) 
into positions for intra- and intermolecular reactions. This presentation will 
discuss familiar and unusual molecules that can be constructed in crystals 
with the idea that the organic solid state can be regarded a more mainstream 
medium in organic synthetic chemistry.  
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 S1   Crystallographic Origin of the Contrasting Deformation Behaviors 
of a Molecular Crystal During 3 Point Bending and Powder Compaction 

Calvin Sun 

University of Minnesota, USA 
 
Reversible elastic deformation is deleterious to tablet formation by powder 
compaction. However, highly elastic caffeine and 4- chloro-3-nitrobenzoic 
acid cocrystal methanolate (CCM) exhibited surprisingly high tabletability, 
surpassing that of well-known plastically deformable crystals. We show that 
the exceptional tabletability of CCM powder is due to the activation of the 
(010) slip planes along the <001> direction during tableting. The same slip 
system is dormant when the needle-shaped CCM single crystals are bent on 
the side faces (110̅) or (110). Thus, the successful prediction of deformation 
behaviors of crystals must consider not only the anisotropic crystal structure, 
but also stress conditions, e.g., 3 point bending vs. compaction in this case. 
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 S1   Light-fueled Macroscopic Motion by Organic Crystals 

Manas Kumar Panda 

Jadavpur University, India  
 
Nature provides numerous examples of light-powered devices that can 
autonomously change their shape, size or display static/ dynamic motion in 
presence of natural light. Mimicking such function in the laboratory, i.e 
developing light powered autonomous micro/macro-machines using soft 
organic molecular material represents one of the most difficult challenges in 
today’s research and demands huge imagination, skills and tedious efforts 
from the involved researchers. Smart organic crystalline materials that are 
capable of displaying macroscopic responses such as shape deformation, 
size alteration or motion under light illumination have emerged as potential 
candidates for this purpose. The design of such molecules is accomplished 
by incorporating a photo-active unit that can absorb photons to initiate photo-
response and a suitable supramolecular synthon for non-covalent interactions 
for the propagation. On the simplest mechanistic view, the molecular motion 
triggered by light is cooperatively amplified to supramolecular to macroscopic 
scale with the help of intermolecular cooperative mechanism involving 
reconfigurable non-covalent interactions. While many such molecular crystals 
have been reported to exhibit fascinating macroscopic mechanical 
responses, the quest for developing new molecular systems having superior 
or novel mechanical responses is a never-ending process in material 
chemistry research. In this invited talk, we shall discuss about some of the 
novel light responsive organic crystals that have recently been developed in 
our laboratory. 
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S1  Activating the Thermosalient Effect in Crystals by Photochemical 
Reaction 

Manuel Fernandes 

University of Witwatersrand, South Africa  
 
Few examples of “hopping crystals” are known and the phenomenon can be 
caused by solid-state reactions or external thermal or light stimuli amongst 
others.[1] If the hopping is caused by thermal transitions then the 
phenomenon is called the thermosalient effect. The compound o-ethoxy-
trans-cinnamic acid (OETCA) was studied by Schmidt and co-workers and 
published in 1964 in a paper that reported the crystal structures (or at least 
the unit cell parameters) for around twenty-five cinnamic acid derivatives and 
the result of the UV photochemical solid-state reaction.[2] They found that the 
molecular packing orientations of the reacting molecules in the solid state led 
to the formation of a specific product. The results led to topochemical 
postulates and Schmidt’s criterion where the alkene reacting atoms must be 
parallel and within 4.2 Å apart. One of these cinnamic acid derivatives was 
OETCA with three polymorphs known at that time. The α-polymorph crystal 
leads to an inversion product, the β-polymorph leads to a mirror product, and 
the γ-polymorph is unreactive. Subsequently, a fourth (α′) polymorph was 
discovered making the solid-state UV photochemistry more interesting.[3] 

Heating an α-polymorph crystal leads to the crystal “hopping” when it 
transitions to the α′-polymorph. The phase change is enantiotropic and on 
cooling leads to the α-polymorph. When reheating, the crystals don’t hop 
anymore. However, we have found that the “hopping” effect can be 
reactivated by a photochemical reaction in the α-polymorph. In this talk, we 
will present the solid-state reaction in the α-polymorph and its influence on 
the thermosalient effect when transitioning to α′-polymorph. 
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 S1   Mechanochemical Formation of Multicomponent Crystal Systems: 
Mechanism & Kinetics 

Franziska Emmerling 

Federal Institute for Materials Research and Testing (BAM), Germany  
 
Mechanochemistry is an effective, environmentally benign, and facile method 
for the synthesis of new multicomponent crystal systems. Different milling 
parameters are known to affect the mechanisms and rates of product 
formation: milling frequency, milling time, filling degree of the milling jar, ball 
diameter and vessel size, degree of milling ball filling, and material of jars.[1,2] 
The in-creasing interest in mechanochemistry is contrasted by a limited 
mechanistic understanding of the mechanochemical reactivity and selectivity.  
Different analytical methods and their combinations have been developed for 
the time resolved in situ monitoring of mechanochemical transformations, in-
cluding powder X-ray diffraction, X-ray adsorption spectroscopy, NMR, 
Raman spectroscopy, and thermography.[3]  

Here we will discuss our recent results investigating the formation of (poly-
morphic) cocrystals[1,3], metal-organic compounds[4], and salts[5], thereby 
elu-cidating the influence of milling parameters and reaction sequences on 
the formation mechanism and kinetics. For the mechanochemical chlorination 
reac-tion of hydantoin normalizing the kinetic profiles to the volume of the 
milling ball showed clearly that milling reaction kinetics are conserved.[6] 
Here physical kinetics dominate reaction rates in a ball-milling transformation. 
Attempting to interpret such kinetics in purely chemical terms risk 
misinterpreting the results. Our results indicate that time-resolved in situ 
investigation of milling reactions offer a new approach to tune and optimize 
mechanochemical processes. 
 
References: 
 
[1] H. Kulla, et al. Chem. Commun. 2019, 55, 9793. 
[2] A. A. L. Michalchuk & F. Emmerling, Angew. Chem. Int. Ed. 2022, n/a, DOI 
10.1002/anie.202117270. 
[3] I. C. Martins & F. Emmerling, Cryst. Growth Des. 2021, 21, 6961. 
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 S1   Metal-Organic Crystals: Shaping, Uniformity and Symmetry 
Breaking 

Maria Chiara di Gregorio 

Weizmann Institute of Science, Israel  
 
The relationship between crystallization conditions, crystal structure and 
properties is a pivotal point in chemistry both for the investigation of 
fundamental aspects and for applications. The interest spans from the macro- 
to the nanoscale and the range of natural, laboratory-made, organic and 
inorganic systems. [1] Typically, micro-nano crystals grown by additive-free 
synthesis are polydisperse in size, exhibit non-homogeneous shape or 
common polyhedral morphologies.   

We have developed a new additive-free synthesis that results in the formation 
of monodispersed crystals with a large variability of morphologies, while 
keeping the crystallographic structure nearly identical. [2-5] The set of crystals 
generated include rare polyhedral shapes, hollow structures and paradoxical 
morphologies that are not classifiable according to conventional rules 
(Figure). Our work provides new fundamental insights in the growth of chiral 
crystals and aggregates, opening up opportunities for their use as 3D objects 
for nanotechnological applications. 
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 S1   Detection of Different Phases of Polymer Material Using New 
Modes of Atomic Force Microscopy 

Igor Sokolov 

Tufts School of Engineering, USA 
  
The recent development of novel modes of operation of atomic force 
microscopy, FT-NanoDMA and Ringing Mode allowed imaging of the 
distribution of physical and mechanical properties of organic materials, in 
particular polymers, down to the nanoscale. In this talk, I will present a 
description of these two novel modes developed in my lab and give examples 
of the use of these modes to map polymers, which have crystalline, 
anisotropic, and amorphous phases. 

FT-NanoDMA is a fast Fourier-transfer nano-dynamical mechanical analysis/ 
spectroscopy. This nanoindentation mode allows for measuring the storage 
and loss moduli of materials in the range up to 500 Hz (the range used to 
describe polymers). Compared to the existing state-of-the-art 
nanoindentation, FT-NanoDMA demonstrates ~100x improvements in both 
spatial (down to 10nm) and temporal resolution (down to 0.7 sec/pixel). 
Ringing Mode is in advanced sub-resonant tapping. Compared to the existing 
sub-resonant tapping (such as Digital Pulse, PeakForce Tapping, HybriD, 
etc.), this mode allows obtaining up to 8 additional channels of information 
(such as adhesion height, adhesion neck height, length of molecules coating 
the surface, etc.), which are inaccessible by any other exiting techniques. In 
this talk, I will focus on an example of the study of the physical and mechanical 
properties, phases of different crystallinity of low-density polyethylene (LDPE) 
by using the above two AFM modes.  
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W11   The Effect of Nanosizing on Mechanical Properties of Organic 
Crystalline Solids 

Alexei V. Tivanski 

University of Iowa, USA 

Understanding and modifying mechanical properties of organic crystalline 
solids is important in the design of materials with applications in areas such 
as flexible electronics, pharmaceutics, and energy storage. In this regard, size 
engineering is an emerging strategy to potentially modulate the mechanical 
properties of crystalline materials. Herein, atomic force microscopy 
nanoindentation technique is used to measure the elastic modulus (Young’s 
modulus) of several macro- and nano-dimensional crystalline solids. 
Examples include aspirin and diarylethene crystals of various sizes and 
morphologies. We demonstrate that the mechanical properties vary 
significantly depending on the crystal size. Possible factors that contribute to 
observed size-dependent mechanical properties will be briefly discussed. 
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 W11   Is Mechanochemistry Biased Towards Thermodynamic Products 
of Crystallization? Insights from Experimental and Computational 
Methods 

Sharmarke Mohamed 

Khalifa University of Science and Technology, UAE 
 
There have been numerous reports of mechanochemically prepared 
multicomponent crystals to date. Whilst mechanical force and local heating 
inside the milling media are important factors that affect chemical or physical 
transformations, the exact mechanism for the crystallization of 
multicomponent crystals inside a ball-mill remain largely elusive. This is 
despite recent insights gained using in-situ methods for monitoring the ball-
milling process using spectroscopic or diffraction methods. In this lecture, we 
ask whether ball-milling is biased towards thermodynamic products of 
crystallization? The answer to this question is fundamental for the industrial 
application of mechanochemistry as we know that many active ingredients 
can exist in a range of polymorphic and variable stoichiometry phases. Here, 
we focus on the use of ball-milling for the crystallization of three energetically 
diverse sets of multicomponent systems, namely eutectics [1], solvates and 
higher-order cocrystals [2]. We review the energetics of these processes 
using insights gained from computational methods, including crystal structure 
prediction, DFT and Monte Carlo methods. Our work probes the energetic 
cost for the crystallization of these multicomponent systems and our results 
suggest that the outcome of ball-milling (thermodynamic vs. kinetic products) 
is system dependent and cannot easily be generalized. Nevertheless, in all 
cases, our computational results were consistent with the experimental 
results, suggesting the value of computational methods in mechanochemistry 
experiments.  
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 S1   Emergent Properties of Molecular Dipolar Arrays 

Miguel A. Garcia-Garibay 

University of California, Los Angeles, USA 
 
In recent years, materials scientists have explored a general approach for the 
development of materials with functions that rely on the internal motion of their 
components. To that end, our group at UCLA has focused on the concept of 
“amphidynamic crystals,” which are built with a combination of static, lattice-
forming elements, and rapidly moving or reorienting parts. A promising 
platform to establish the structural strategies and range of dynamics that may 
be possible in the solid state is based on the design and preparation of 
crystalline arrays of dipolar rotors, which present opportunities to explore 
emergent polarization that depends on the symmetry of the lattice and offers 
opportunities for the development of novel paradigms in materials science.  
We propose that the spontaneous order and the collective reorientation of a 
set of interacting dipoles offer a promising strategy for controlling the 
anisotropies responsible for thermal, optical, and dielectric properties, and 
provide one of the most promising platforms for the development of artificial 
molecular machines.  One of the simplest ways to visualize their structures 
and intended functions is by considering molecular units with components 
analogous to those of macroscopic compasses or gyroscopes, and by 
extrapolating their individual properties to those of large assemblies in a 
crystal lattice. While the expected behavior of molecular dipolar arrays is 
analogous to that displayed by arrays of macroscopic compasses, collective 
alignment can only occur when dipole-dipole interactions dominate the 
rotational potential.  Promising solutions to accomplish that can be based on 
extended solids with porous architectures such as metal-organic frameworks 
(MOFs) where the functional rotators act as pillars linked by coordination 
bonds to static metal clusters.  This presentation will highlight progress in this 
area and describe some of the interesting remaining challenges.  
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 S1   Unravelling the Effects of Defects and Disorder in Porous 
Materials through Computation 

Kim Jelfs 

Imperial College London, UK 
 
Using a computational approach developed for the structure prediction of 
organic polymers we investigated the bulk structure of several porous 
polymers and amorphous MOFs. In the case of the polymeric membranes, 
we could successfully explain the improved performance of a new family of 
linear N-Aryl–linked spirocyclic polymers compared to PIM-1 (archetypal 
microporous polymer in literature) in separating light crude oil. Similarly, we 
are applying the same approach to tune the porosity of cage-based polymeric 
nanofilms for dye separation. We then expanded the application of the 
computational approach to the family of aMOFs. Initially, we built bulk models 
of amorphous zeolitic imidazolate framework-4 (aZIF-4), a prototypical glass 
forming MOF for which we could successfully reproduce experimentally 
observed properties. We then built models for other archetypical MOF 
chemistries (aMIL-100(Fe), FeBTC and aUiO-66), for which we found good 
agreement with experimental scattering data and porosity measurements. In 
particular, we used our models to understand, at a molecular level, the effect 
of defects and disorder on the final structure and porosity of FeBTC, by 
sampling the material phase space with several amorphous models at 
different degrees of disorder and defects. Notably, the approach used does 
not require any experimentally derived data to use as a target property for the 
structure construction and refinement, giving us the possibility to predict the 
structure of hypothetical amorphous microporous materials that have not 
been synthesised yet in the lab.  This structure prediction approach opens the 
possibility to outline design rules for porous polymers and aMOFs, allowing 
us to suggest new promising candidates with properties tailored for specific 
applications.
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S1   Greenhouse Gas Capture in Porous Molecular Crystals 

Ognjen Miljanić 

University of Houston, USA 
 
Porous molecular crystals (PMCs) are a class of porous materials composed 
of discrete molecules which organize into solid-state structures with large 
voids. We have developed two classes of porous molecular crystals based on 
extensively fluorinated aromatic pyrazoles and square-shaped 
cyclotetrabenzoin macrocycles. Their solid-state structures are held together 
through a combination of hydrogen bonds and aromatic pi-stacking. Both 
classes were shown to be competent adsorbents for various greenhouse 
gases, including fluorocarbons, Freons, and carbon dioxide. The use of 
cyclobenzoin macrocycles has allowed the separation of carbon dioxide from 
methane and nitrogen, based on its preferred interaction with the aromatic 
walls of the square-shape cavity. Smaller cyclotribenzoin macrocycles are 
currently being studied as platforms for the encapsulation for water clusters 
and potentially even methane hydrates. 
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 S1   Cyclic Peptoids: a Playground for Non-Covalent Interactions 

Consiglia Tedesco 

University of Salerno, Italy 
 
Peptoids are oligomers of N-substituted glycine residues, they revealed as a 
very useful scaffold to develop functional molecules with easy synthesis and 

excellent stability to enzymatic degradation. The peculiar absence of NH‧‧‧
OC hydrogen bonds in peptoids helped us to unveil the role of backbone-to-

backbone CO‧‧‧CO interactions and CH‧‧‧OC hydrogen bonds [1-3]. 

Moreover, we recently observed the presence of intramolecular backbone-to-

side chains C5 CH‧‧‧OC hydrogen bonds. C5 intraresidue NH‧‧‧OC 

hydrogen bonds were proposed by Benedetti and Toniolo in 1980 and 
recently reviewed by Newberry and Raines as a possible promoters of 
amyloid fibrils [4]. We will describe the role of non-covalent interactions in 
stabilizing the solid state molecular structure of four cyclic dodecapeptoids 
with methoxyethyl and propargyl groups as side chains. Their unprecedented 
macrocycle conformation results in a ring combining two enantiomorphic 
right- and left-handed polyproline type I helices [5]. A careful topological 
analysis of the electron density helped us to assess the role of non-covalent 
interactions in stabilizing the macrocycle conformation and extend the 
possibility of formation of intramolecular C5 hydrogen bonds hydrogen bonds 

also to C5 CH‧‧‧OC hydrogen bonds. The reported results direct further 

development in the field of peptidomimetics and promote the exploitation of 
non-covalent interactions. 
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 S1   Diarylethene-Based Crystalline Materials: Design and Function 

Jason Benedict 

University of Buffalo, USA 
 
Photochromic technologies have the potential to transform traditionally 
passive materials into active materials which change their chemical or 
electronic properties in response to light stimulus. New photochromic 
materials are being synthesized and reported at an extremely rapid rate 
driven in large part by the numerous potential applications for these advanced 
materials including molecular switches, sensors, data storage, 
photomechanical devices and even biological switches.  

One of the newest emerging applications for photochromic technologies 
being developed in the Benedict research lab is the development of photo-
responsive crystalline materials capable of undergoing structural 
reorganization upon application of light. The evolution of strategies for the 
design and synthesis of diarylethene-based structural building units highlights 
the challenges of engineering crystals with these conformationally flexible 
molecules. The Benedict group is also developing cutting edge in situ X-ray 
diffraction techniquesto study the structural reorganization, both photo-
induced and through guest exchange, under ‘real world’ conditions in order to 
develop a molecular level understanding of the processes that occur within 
these important materials. 
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 S1   Structure Determination of Organic Materials from Powder X-ray 
Diffraction Data: Opportunities for Multi-technique Synergy 

Kenneth Harris 

School of Chemistry, Cardiff University, UK 
  
Structure determination of organic materials directly from powder X-ray 
diffraction (XRD) data [1,2] is now carried out extensively by researchers in 
both academia and industry. Most research in this field uses the direct-space 
strategy for structure solution followed by Rietveld refinement. Although the 
structure determination process is generally carried out solely using powder 
XRD data, significant advantages may be gained by augmenting the process 
of structure determination from powder XRD data by utilizing information from 
other experimental and computational techniques. This type of multi-
technique strategy may be particularly advantageous in tackling complex and 
challenging structure determination problems, both by providing independent 
information that directly facilitates the structure determination process and by 
allowing rigorous validation of the final structure obtained in the Rietveld 
refinement. The lecture will focus on the use of solid-state NMR spectroscopy, 
three-dimensional electron diffraction (3D-ED) and periodic DFT-D 
calculations to augment the process of structure determination of organic 
materials from powder XRD data [3-11], and will be illustrated using several 
case studies from recent research. 

References: 

[1] Harris, K. D. M.; Tremayne, M.; Kariuki, B. M. Angew. Chemie Int. Ed. 2001, 40, 
1626. 
[2] Harris, K. D. M. Top. Curr. Chem. 2012, 315, 133. 
[3] Dudenko, D. V.; Williams, P. A.; Hughes, C. E.; Antzutkin, O. N.; Velaga, S. P.; 
Brown, S. P.; Harris, K. D. M. J. Phys. Chem. C 2013, 117, 12258. 
[4] Williams, P. A.; Hughes, C. E.; Harris, K. D. M. Angew. Chemie Int. Ed. 2015, 
54, 3973. 
[5] Watts, A. E.; Maruyoshi, K.; Hughes, C. E.; Brown, S. P.; Harris, K. D. M. Cryst. 
Growth Des. 2016, 16, 1798. 
[6] Hughes, C. E.; Reddy, G. N. M.; Masiero, S.; Brown, S. P.; Williams, P. A.; 
Harris, K. D. M. Chem. Sci. 2017, 8, 3971. 
[7] Hughes, C. E.; Boughdiri, I.; Bouakkaz, C.; Williams, P. A.; Harris, K. D. M. Cryst. 
Growth Des. 2018, 18, 42. 
[8] Al Rahal, O.; Hughes, C. E.; Williams, P. A.; Logsdail, A. J.; Diskin-Posner, Y.; 
Harris, K. D. M. Angew. Chemie Int. Ed. 2019, 58, 18788. 
[9] Sun, T.; Hughes, C. E.; Guo, L.; Wei, L.; Harris, K. D. M.; Zhang, Y.; Ma, Y. 
Angew. Chemie Int. Ed. 2020, 59, 22638. 
[10] Al Rahal, O.; Williams, P. A.; Hughes, C. E.; Kariuki, B. M.; Harris, K. D. M. 
Cryst. Growth Des. 2021, 21, 2498. 
[11] Smalley, C. J. H.; Logsdail, A. J.; Hughes, C. E.; Iuga, D.; Young, M. T.; Harris, 
K. D. M. Cryst. Growth Des. 2022, 22, 524.



ICCOSS XXV, Ohrid, Macedonia 

73 

 

 S1   Automated Diffraction Tomography – Solving Crystal Structures of 
Beam and Vacuum Sensitive Organics 

Ute Kolb 

Johannes Gutenberg-Universität Mainz, Germany 
  
The development of automated diffraction tomography (ADT) in 2007 did 
open a door to single crystal structure analysis from single nano-crystals. Ten 
years later several comparable techniques are available which are 
summarized with the term three dimensional electron diffraction (3DED) [1]. 
The amount of crystal structures solved nowadays with 3DED methods is 
constantly rising. This is supported by an increasing number of groups 
implementing the technique, the development of dedicated data acquisition 
and processing software as well as the first electron diffractometers build 
directly for 3DED application. In this talk, the application of ADT to beam and 
vacuum sensitive material such as small organic molecules and metal-
organic frameworks are presented. In general, organic material is subject to 
damage caused by the electron beam. This includes sample heating, which 
can be counterbalanced by the use of cryo-conditions, but as well the 
production of radicals in the material, which is accumulative. 3DED methods 
are set-up to use a minimal electron dose in order to keep the beam damage 
as small as possible. In addition, electron diffraction is performed in high 
vaccum which can give rise to structural changes. In comparison to solvent 
molecules bound by hydrogen bridges which are stable in vacuum, many 
materials loose the solvent, thus changing their crystal structure inside the 
TEM. Additionally, the sample inside the TEM may sublime as shown in 
Figure 1 [2]. 
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Figure1. µ-STEM images of two polymorphs of caffeine (needle and hexagon shape), a) 

directly after insertion, b) after 30 min without treatment.  



ICCOSS XXV, Ohrid, Macedonia 

74 

 

S1   Time Resolved In Situ Monitoring of Mechanochemical 
Transformations 

Adam A. L. Michalchuk 

Federal Institute for Materials Research and Testing (BAM), Germany 
 
Mechanochemistry (driving physical and chemical transformations with 
mechanical force) are of growing interest for sustainable chemical and 
materials processing. However, our ability to use this transformative 
technology is greatly hindered by a lack in understanding of how they work. 
Obtaining this insight requires the development of new experimental 
approaches capable of resolving details of mechanochemical transformations 
in real time. We will here discuss recent developments of analytical methods 
based on laboratory and synchrotron facilities that allow to probe 
mechanochemical reactions under operando conditions. Moreover, we will 
demonstrate how these techniques – and their combinations – are able to 
provide new insights into the formation and transformation mechanisms of 
solids under dynamic mechanical force. 
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Figure 1. Time resolved in situ X-ray diffraction monitoring of the mechanochemical 
cocrystallisation of theophylline (tp) and benzamide (ba) under neat grinding (NG) 
and liquid assisted grinding (LAG) conditions. 

 



ICCOSS XXV, Ohrid, Macedonia 

75 

 

 S1   Fun and Engaging Ways to Share the Wonders of Crystallography 

Suzanna Ward 

The Cambridge Crystallographic Data Centre, UK 

 
Thanks to crystallography and the wealth of data available in resources like 
the Cambridge Structural Database (CSD) we can learn a lot about molecular 
geometries, interactions and assemblies. This helps us to advance our 
understanding of chemistry and crystallography but we can also use it to help 
optimise drug design, and to answer important questions like “why did my 
chocolate bar change colour?” 

The recognition of the value of crystallography for research and education 
purposes is one of the driving forces at the Cambridge Crystallographic Data 
Centre (CCDC). Curating and sharing over a million structures in the CSD 
coupled with our education and outreach activities helps us in our mission of 
the advancement of chemistry and crystallography for the public benefit.  

Over the past few years we have created new content, such as games and 
videos, to demonstrate the power of structural data in fun and engaging ways, 
targeted to inspire a new generation of scientists. This has included a wide 
variety of activities, card games, social media campaigns and (virtual) science 
festivals and is often done in collaboration with others in our community.  

This talk will highlight some of the current education and outreach efforts of 
the CCDC, it will show how we communicate such initiatives and resources, 
and it will reflect on how we engage with our community.  What we have learnt 
along the way can help us and others explore how we can better spread the 
science of crystallography and its application in research and education inside 
and outside the crystallographic community. And it can start with chocolate. 
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 S1   Structure Determination of Small Molecule Compounds by an 
Electron Diffractometer for 3D ED/MicroED 

Christian Göb 

Rigaku Europe SE 
 
Recognizing the potential of Single-Crystal Electron Diffraction (SC-ED), also 
known as 3DED and MicroED, Rigaku and JEOL announced a collaboration 
in 2020 to develop a product designed in a fashion that will make it easy for 
any crystallographer to use. The resulting product, the XtaLAB Synergy-
ED[1], a new and fully integrated electron diffractometer, was released 
around one year later in May 2021. Many materials only form nanosized 
crystals or are challenging to produce in large quantities. Before the 
development of the SC-ED technique, synthetic chemists were forced to rely 
on other techniques, such as NMR or MS, often in combination with each 
other, to postulate a 3D structure. Unfortunately, the NMR results can be 
difficult to interpret for complicated molecules such as natural products. SC-
ED has become a revolutionary technique for the advancement of structural 
science. The XtaLAB Synergy-ED is an electron diffractometer operated via 
CrysAlisPro for a seamless workflow from data collection to structure 
determination of three-dimensional molecular structures from nanocrystals. 
Since its launch, our demo lab XtaLAB Synergy-ED has generated over 160 
structures of various samples, see Figure 1, from organics to MOFs, with a 
range of compositions and cell dimensions. In this presentation, we will 
provide an overview of the capabilities of the Synergy-ED and review some 
of more interesting structures that have been determined since May of 2021. 
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 S1   Photofunctional Soft Crystals Based on Platinum(II) Complexes 

Masako Kato 

Kwansei Gakuin University, Japan 
 
Pt(II) complexes bearing aromatic ligands have been actively developed 
because of their interesting photofunctionality. Not only the luminescence 
properties of discrete complexes but also their self-assembled systems have 
attracted much attention because assembled Pt(II) complexes often exhibit 
characteristic luminescence based on the Pt···Pt electronic interactions and 
the color can change sensitively in response to the surroundings such as 
temperature, pressure, and vapor. Therefore, the Pt(II) complexes are 
important as flexible and ordered sensing materials called soft crystals [1].  

In this presentation, outstanding luminescence properties of a series of 
assembled Pt(II) complexes comprising N-heterocyclic carbene with different 
substituent groups and cyanide ligands will be discussed (Fig. 1a) [2]. All the 
complexes exhibited highly efficient photoluminescence with an emission 
quantum yield more than 0.5 in the solid state at room temperature, 
originating from the triplet metal-metal-to-ligand charge transfer (3MMLCT) 
state. Their emission colors cover the entire visible region from red to blue by 
changing the substituent. It is notable that blue 3MMLCT emission was 
realized firstly in this system. Moreover, vapochromic response was observed 
based on the reversible single-crystal-to-single-crystal transformation. 
Meanwhile, ON-OFF control of the luminescence based on the phase 
transition between highly luminescent crystal state and non-luminescent 
super-cooled state have been achieved by using a Pt(II) complex ionic liquid 
(Fig. 1b) [3].  
 
References: 
 
[1] M. Kato, H. Ito, M. Hasegawa, K. Ishii, Chem. Eur. J. 2019, 25, 5105–
5112. 
[2] D. Saito et al., Angew. Chem. Int. Ed. 2020, 59, 18723–18730. 
[3] M. Yoshida, S. Verner et al., Adv. Opt. Mater. 2022, 2102614. 
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 S1   Crystal Engineering – Recent Progress and Future Outlook 

Len Barbour 
University of Stellenbosch, South Africa 
 

Over the past three decades Crystal Engineering has matured into a major 

research area in chemistry and materials science. We have benefitted 

substantially from innovations in X-ray diffraction, advanced computational 

methods employing powerful computers, and the development of a range of 

complementary analytical techniques. Moreover, many new potential 

applications of Crystal Engineering have emerged. This presentation will 

highlight some of the advanced methods and their applications towards 

exciting new developments in the field. 
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 S1   Recent Advances in Laboratory PDF Experiments 

Mirijam Zobel 

RWTH Aachen University, Germany 
 
Although the very first laboratory-based X-ray pair distribution function (PDF) 

analysis had been carried out in the 1930s [1], laboratory PDF studies have 

been pretty uncommon till a few years back. [2] Limited momentum transfer 

vector Qmax, insufficient instrumental resolution and very long measurement 

times impeded a routine use for structural refinements. A few years ago, we 

have significantly pushed instrumental resolution of PDF data in the 

laboratory by reducing air scattering and optimizing beamstop positioning for 

a diffractometer in transmission geometry. [3] The use of monochromatic Ag 

Kα1 radiation permitted laboratory PDF data to be fitted over interatomic 

distance ranges of several dozens of Angstroms. This paved the way to study 

local disorder in superionic conductors, 1D lanthanide polymer powders and 

glasses in the laboratory. Recent advanced data processing has evolved to 

also make use of data from diffractometers with Goebel mirrors providing 

Kα1,2 mixtures. TOPAS can nowadays deconvolute the instrumental 

contributions such as wavelength mixtures, emission profiles or axial 

divergence, yielding less instrumentally dampened PDF data [4] – in 

particular for crystalline materials. The limits of this approach are showcased 

for disordered matter and it is highlighted why in case of weakly scattering 

materials such as organic matter and liquids, synchrotron radiation is still 

needed. 

 

References: 

 

[1] B. E. Warren, N. S. Gingrich, Phys. Rev. (1934) 46 (368) 

[2] M. J. Nijenhuis, J. T. Gateshki, M. Fransen, Z. Kristallogr. Suppl. (2009) 
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S1   Insights into Organic Materials Using the Pair Distribution Function 

Maxwell Terban 

Max Planck Institute for Solid State Research, Germany 
 
The pair distribution function is a powerful tool for interpreting the scattering 
patterns from disordered materials. While it has tended to be a more popular 
technique within solid-state physics and inorganic chemistry communities, it 
has a long and rich history for fundamental understanding of organic and 
molecular materials as well. The requisite measurements and analysis tools 
are meanwhile becoming increasingly accessible to all communities. In this 
talk, I will discuss the application of total scattering and pair distribution 
function analysis to a variety of different organic and hybrid material systems 
including small molecules and semicrystalline and microporous polymers. I 
will discuss the benefits that this technique can impart for different use-cases 
and the different methodological implementations involved. 
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 S1   X-ray Powder Diffraction in Education 

Robert Dinnebier 

Max Planck Institute for Solid State Research, Germany 
 
X-ray powder diffraction (XRPD), an established technique for the study of 
crystal structures, finds increasing application toward qualitative and 
quantitative phase analysis and the study of microstructure for micro- and 
nanocrystalline materials. 

For the study of crystalline materials, a powder pattern can be divided into 
Bragg reflections and background, where the latter among other contributions 
contains diffuse scattering from the sample. Bragg reflections are 
characterized by their position, intensity, breadth, and shape, each containing 
a wealth of information. 

In a series of educational papers dealing with the description and visualisation 
of mathematical functions used to describe a powder pattern, we present a 
collection of user-friendly, interactive, and freely distributable Mathematica® 
teaching scripts. In particular, the so-called “Manipulate” option of Mathematica 
is extensively used to visualize the impact of parameters in an interactive 
manner. When possible, parameters from real life examples are default. The 
idea is “learn by doing”, to gain intuition for what a mathematical model does 
to the diffraction peaks in a powder pattern and what are the limitations of said 
model, since every model is always an oversimplification of the underlying 
physics. 
 

 
 
Figure 1. Screenshot of a Mathematica script dealing with the convolution of size 
effect into a Voigt profile and its Fourier transform for a given lognormal distribution 
of a chosen shape.  
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 S1   XRPD Data Analysis of Stacking Faulted, Organic Materials 

Sebastian Bette 

Max Planck Institute for Solid State Research, Germany 
 
Many crystal structures contain two-dimensional layered structural motifs 
periodically repeated in the third dimension, resulting in a distinct stacking 
sequence. In real crystals, the stacking order can deviate from ideal periodicity. 
The stacking sequence becomes non-uniform and a microstructure is created. 
Transitions between different stacking sequences appear as stacking faults 
which effects both the diffraction pattern and the substance properties. These 
defects lead to diffuse elastic scattering generated at arbitrary positions in 
reciprocal space, and consequently, scattered intensity is no longer observed 
only at distinct reciprocal lattice points. In three-dimensional reciprocal space, 
new features such as streaks or superstructure reflections appear. Often, the 
type of faulting can be different for individual single crystals of the same batch 
of a certain material. By simultaneously collecting scattering patterns averaged 
over a large number of crystallites, as with X-ray powder diffraction (XRPD) or 
neutron powder diffraction, structural details can be obtained that are very 
representative of the bulk properties. Since powder diffraction is the one-
dimensional projection of three-dimensional reciprocal space, the above 
mentioned effects can appear as new peaks, peak shifts, peak asymmetries, 
and/or peak broadening all over the powder pattern. Improvements in 
computational hardware and software algorithms enable quantitative analyses 
on the degree of faulting by recursive routines.  

Two-dimensional, organic polymers like covalent organic frameworks (COFs) 
and polyheptazine imides (PHIs) are prone to stacking fault disorder, due to 
hexa- and trigonal layer symmetry and weak interlayer interaction. Hence, 
analysis of the XRPD patterns of these materials is very challenging. In this 
talk, strategies for the interpretation of XRPD patterns of strongly stacking 
faulted; two dimensional, organic polymers are shown using several COF and 
PHI systems as examples.  
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 S1   Advanced Materials Characterization Using Powder Diffraction 
Techniques and the Powder Diffraction File 

Thomas Blanton 

International Centre for Diffraction Data (ICDD) 
 
Powder X-ray diffraction (XRD) has historically been the analytical technique 
of choice for phase identification of crystalline materials. Today advances in 
radiation sources, optics and detectors, allow scientists to use XRD to probe 
beyond phase identification and extend studies to investigate material 
microstructure as well as nanostructure properties. Whether the material of 
interest being studied is crystalline or amorphous, randomly or preferentially 
oriented, inorganic or organic, powder or solid, there are many diffraction 
methods available that can be used to analyze a sample and provide help in 
understanding how material processing affects material properties. In addition 
to improvements in diffraction instrumentation, new developments in the ICDD 
Powder Diffraction File (PDF®) databases have produced an array of solid-
state analysis tools resulting from a combination of single crystal and powder 
diffraction data. Advanced features include: atomic coordinates for Rietveld 
refinement techniques; amorphous and nano material references; digital 
simulation tools for evaluating X-ray, synchrotron, electron and neutron 
diffraction (CW and ToF) data as well as crystallite size and analysis of two-
dimensional diffraction data. Diffraction methods and the Powder Diffraction 
File together create a synergy between data collection and data analysis that 
has been proven to assist scientists in finding a more complete and correct 
answer to their materials characterization questions. The origins of the PDF 
will lead to a review of current capabilities of databases and software, resulting 
in solutions for materials analyses. 
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 P-1   Mechanochemical Screening of Ternary Molecular Ionic 
Cocrystals 

Abeer Shunnar 

Khalifa University, UAE 
 
Ionic cocrystals (ICC) are a class of multi-component solid forms with the 
empirical formula A⁻BH⁺N (A⁻ = anion, B⁺= cation, N= neutral molecule or salt 
complex). The value of formulating active pharmaceutical ingredients (APIs) 
as molecular ICCs is that they allow the delivery of several therapeutic agents 
whilst facilitating the optimization of the physicochemical properties of the 
parent API [1]. Solution crystallization techniques are not suitable for the 
synthesis of higher-order cocrystals containing three or more chemical entities 
due to the inherent differences in the solubilities of the chemical species, which 
limits the construction of them. We demonstrate here that mechanosynthesis 
[2] is a versatile technique for the synthesis of ternary molecular ICCs in 
essentially quantitative yield in less than 30 minutes of grinding. Ternary 
molecular ICCs were synthesized via the cocrystallization of 4-dimethyl 
aminopyridine (4-DMAP) with a range of carboxylic acid coformers. The 
mechanosynthesis screen led to the facile crystallization of all known ICCs 
previously reported under solution crystallization screens as well as novel ICCs 
not previously reported. In conclusion, the mechanosynthesis of ternary 
molecular ICCs of the general type A⁻BH⁺N is feasible and we show that 
mechanochemistry can provide a facile route for the synthesis of higher-order 
cocrystals with functional properties [2]. 
 
References: 
 
[1] L. Casali, L. Mazzei, O. Shemchuck, K. Honor, F. Grepioni, S. Ciurli, D. 
Braga, J. Altrusaitis, Chem. Comm. 2018, 54, 7637-7640. 
[2] A. F. Shunnar, B. Dhokale, D. P. Karothu, D. H. Bowskill, I. J. Sugden, H. 
H. Hernandez, P. Naumov, S. Mohamed*, Chem. Eur. J. 2020, 26, 4752 – 
4765. 
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P-2   Photothermally Driven High-Speed Crystal Actuation 

Yuki Hagiwara 

Waseda University, Japan 
 
Mechanical crystals, which exhibit macroscopic motions induced by external 
stimuli such as light and heat, are applicable to actuators and soft robots [1]. 
In the past decade, various mechanical motions have been reported mainly 
based on photoisomerization and some based on phase transition [2]. 
Recently, we firstly discovered mechanical motion of a molecular crystal 
induced by photothermal effect [3]. The crystal of salicylideneaniline with p-
benzoyl substituent exhibited the thermal single-crystal-to-single crystal 
phase transition near the room temperature and undergo slight 
photoisomerization. A long rod-shaped crystal bent reversibly by thermal 
phase transition on heating and cooling, but did not bend by 
photoisomerization. Surprisingly, fast bending was induced by the 
photothermal effect under UV and visible light irradiation. Furthermore, the 
photothermal effect could achieve the high-speed bending of 25 Hz on pulsed 
UV irradiation. We clarified the mechanism of the photothermally driven 
bending; the photothermally generated heat is conducted in the thickness 
direction, then the non-steady temperature gradient leads to the bending 
motion because the top surface expands more than the back surface. Crystals 
that undergo photoisomerization and phase transition are limited. In contrast, 
most crystals that absorb light exhibit their own photothermal effects. 
Therefore, the photothermal effect has great potential and versatility for the 
development of mechanical crystal. 

References: 

[1] Koshima, H. (ed) Mechanically Responsive Materials for Soft Robotics. (Wiley-
VCH, Weinheim, 2020). 
[2] Koshima, H., Hasebe, S., Hagiwara, Y., Asahi, T., Isr. J. Chem. 61, 683–696 
(2021). 
[3] Hagiwara, Y., Taniguchi, T., Asahi, T., Koshima, H., J. Mater. Chem. C 8, 4876– 
4884 (2020). 
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 P-3   Reversing the Polymorphic Outcome of Crystallization and the 
Apparent Relative Stability of Nitrofurantoin Using Additives 

Agris Bērziņš 

University of Latvia, Latvia 
 

In this study we explored the possibility to selectively change the polymorphic 
outcome of crystallization of a molecular compound by additives or templates. 
We explored the crystallization of an antibacterial nitrofurantoin (NF). NF forms 
2 polymorphs α and β (LABJON) and numerous multicomponent phases. We 
explored the stability of NF polymorphs, for which there is a contradicting 
information available, and clarified the factors determining the crystallization 
outcome. We set out to find a reliable approach for a selective crystallization 
of the α polymorph in crystallization in presence of additives, as the only 
currently known crystallization procedure is very complex. We further 
investigated the changes of the crystallization process introduced by the 
additives allowing the control of the crystallization polymorphic outcome. The 
DSC/TG allowed to determine that polymorphs are related enantiotropically 
with polymorph β being stable at elevated temperature, however, the transition 
point could not be determined. The determined solubility of both polymorphs 
and slurry bridging experiments indicated that polymorph β is the stable 
polymorph at ambient conditions. By crystallizing NF from aprotic polar and 
electron pair donor solvents in most cases polymorph β was obtained, whereas 
from the hydrogen bond donor solvents mostly polymorph α crystallized. We 
were able to identify several additives that fully and reliably provided 
crystallization control of NF polymorphs: crystallization of polymorph α was 
achieved from acetonitrile and THF, from which otherwise polymorph β was 
obtained, and also 1,4-dioxane, from which both polymorphs often crystallized 
concomitantly. Additives providing selective crystallization of polymorph α are 
BIS-TRIS, PVC and PAN. Furthermore, these additives also result in 
polymorph α being formed in the solvent mediated phase transformation 
(SMPT) experiments and also provide that solubility of polymorph α is lower 
than that of polymorph β. 
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 P-4  In situ Control of Solid-State [2+2] Photodimerization in the Soft 
Crystal 

Akiko Sekine 

Tokyo Institute of Technology, Japan 
  
The solid-state [2+2] photodimerization of olefins is a well-known topo-
chemical reaction where the structure of the reaction product is pre-
determined by the molecular arrangement in the initial crystal (Fig. 1). On the 
other hand, there are cases such as, for example, the [2+2] photodimerization 
of thymine where one would like to avoid this type of reaction to occur within 
DNA. In situ control of the photoreactivity is challenging because the reaction 
depends on the crystal structure that cannot be modified. However, if another 
reactive group is present in the crystal, it can trigger a change of the 
crystalline environment around the carbon-carbon double bonds thus making 
the photodimerization reactivity controllable in situ. This is called “dual 
reactive strategy” [1-3]. In this study, the reactivity control was realized in a 
“dual photoreactive crystal” by using the above strategy to design (3-
cyanopropyl)(4-styrylpyridine)cobaloxime (1), shown in Fig. 2. Compound 1 
was synthesized by employing two photoreactive groups, 3-cyanopropyl and 
4-styrylpyridine, both coordinated to the central metal. After the visible light 
irradiation, the 3-cyanopropyl group isomerized to 2- and/or 1-cyanopropyl 
while keeping the single crystalline form. On the other hand, a [2+2] 
dimerization occurred between the 4-styrylpyridine moieties of adjacent 
molecules by UV light irradiation. Therefore, these two types of 
photoreactions are wavelength-selective and proceed independently from 
each other. Interestingly, after the 3-cyanopropyl group isomerized with 
visible light irradiation, the [2+2] dimerization of adjacent 4-styrylpyridines was 
suppressed. Thus, the [2+2] dimerization reactivity of 1 in the solid-state was 
prevented in situ by photoreaction of the 3-cyanopropyl group. 
 
References: 
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 P-5   Direct Observation of Rapid Water Uptake and Release from a 
Solvatochromic Single Crystal 

Alan Eaby 

University of Stellenbosch, South Africa 
 
Understanding sub-ambient temperature flow and aggregation of water in 
nanoscale capillaries has far-reaching consequences for passive water 
transport in biological systems, water treatment technologies, evaporation 
processes in nanoscale devices and atmospheric water capture/release. It is 
well-known that the properties of nanoconfined water differ from those of bulk 
water; in particular, the freezing and melting temperatures of confined water 
are inversely related to the dimensions of the channel [1]. Moreover, it has 
been shown that the dehydration temperature of a crystalline channel hydrate 
depends on the channel geometry and functionalities [2]. Using crystal 
engineering, complementary combinations of these parameters can be 
achieved, allowing for the target temperatures of water uptake and release to 
be systematically tuned. In our ongoing studies of guest transport in porous 
molecular solids, we have discovered a crystal that readily and reversibly 
adsorbs atmospheric water into 1 nm wide channels. Below 55% relative 
humidity (RH) the bright yellow crystals only adsorb up to 0.6 wt% of water. 
Above 55% RH the crystals rapidly adsorb an additional 6.7 wt% water and 
become deep red owing to water-induced enolimine/ketoenamine 
tautomerism. Dynamic vapor sorption (DVS) experiments show that water 
uptake is non-hystereric, and the yellow-red color change is reversed when the 
RH drops below 55%. This stark color change allowed us to visually monitor 
water loss as a function of temperature, and we have thus established that the 
crystals can release water vapor over a wide temperature range. Using a 
combination of theoretical methods, optical microscopy, calorimetry and 
variable-temperature X-ray diffraction ‘snapshots’, we have elucidated the 
mechanism of water desorption, and its implications for designing materials for 
energy efficient atmospheric water harvesting. 

References: 

[1] ChemPhysChem. 9, 2651–2659 (2008).  
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P-6   Selective Precipitation Process for the Recovery of Gold from E-
waste Using Simple Diamides 

Susanna Vance 

University of Edinburgh, UK  
 
Waste electronics and electrical equipment (e-waste) has become the fastest 
growing hazardous solid waste stream in the world, with approximately only 
one fifth being recycled.1 Achieving its sustainable management is therefore 
crucial to moving towards a circular economy, and given the high content of 
base and precious metals in e-waste (often exceeding those in natural mineral 
ores), recycling is of great economic benefit.2 Many thermo- and bio-chemical 
processes designed to recover metals from their ores have been adapted for 
metal recovery from e-waste, with hydro-, bio- and pyro-metallurgical 
processes the most common.3 Recyclable precipitation processes have 
become increasingly popular as they provide significant advantages over 
solvent extraction and single-use precipitation methods.4  

We have employed simple tertiary diamides in the targeted precipitation of gold 
and other metals from acidic leach solutions from a variety of sources.5 
Following selective precipitation, contact of the solids with water releases the 
gold back into solution which in turn facilitates recycling of the ligand. Given 
the potential this process has for use in large scale recycling, we are 
investigating the factors that dictate selectivity through computational 
modelling of the solid state, in addition to mechanistic studies using diffraction 
techniques. Understanding the mechanistic pathways that operate and the 
factors important to selectivity can thus facilitate targeted ligand design for 
optimised recovery of a variety of metals. 
 
References: 
 
[1] A. K. Awasthi, J. Li, L. Koh and O. A. Ogunseitan, Nature Electronics, 2019, 2, 86-89. 
[2] P. Tanskanen, Acta Materialia, 2013, 61, 1001-1011. 
[3] B. Debnath, R. Chowdhury and S. K. Ghosh, Frontiers of Environmental Science & 
Engineering, 2018, 12. 
[4] A. E. Lewis, Hydrometallurgy, 2010, 104, 
222-234. 
[5] L. M. M. Kinsman, B. T. Ngwenya, C. A. 
Morrison and J. B. Love, Nat Commun, 2021, 
12, 6258. 

  
 
 

Figure 1- (a) Examples of diamide ligands used in precipitation 
process. (b) Schematic of precipitation process outlining the 

recyclability of the ligand. 
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 P-7   The Correlation of the pKa Equalization Principle to Charge-
Assisted Hydrogen Bonds in Differentiation of the Molecular Salts from 
Cocrystals 

Aleksandar Cvetkovski  

Faculty of Medical Sciences, University Goce Delčev, Macedonia 
 
On the basis of the pKa equalization principle, the strongest hydrogen bonds 
are associated with a very low ΔpKa value, i.e. the difference between donor 
and acceptor acidic constants. [1] The ΔpKa value associated with a general 
D—H∙∙∙A interaction is calculated as ΔpKa (D—H∙∙∙A ) = pKAH (D—H) ─ 
pK+BH(A—H+) is applied to correlate the wide range O∙∙∙N distance 
distribution to chemical diversity, expressed in terms of acidity constant, 
displayed by the conformer molecules in Phloroglucinol (PHL) cocrystals and 
pyridoxime (vitamin B6) molecular salts. [2,3]. The presented crystal structure 
packing motifs between cocrystallized, both neutral N-heterocycles coformers 
and O-type of acidic drug model (PHL), as well between protonated and non-
protonated N-heterocycle (pyridine type of drug model pyridoxine) and 
aromatic carboxylic acids confirm that the bond distances correlate to the 
nature of the hydrogen bond in range from week charge-assisted H-bonds in 
PHL/N-heterocycles cocrystals (ΔpKa < 0), toward the so-called “salt–cocrystal 
continuum” in unprotonated pyridine derivative (ΔpKa 0 – 1), till to formation 
strong charge-assisted H-bonds in molecular salts of the same protonated 
pyridine (ΔpKa > 3). [4]    
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 P-8  Hydrogen-bonded Frameworks: Creative Applications from 
Structural Analysis of Reactive Substrates to the Directed Assembly of 
Charge Transfer Complexes 

Alexandra Dillon 

New York University, USA 
 
Molecular frameworks, including metal-organic (MOF), covalent-organic (COF) 
and hydrogen-bonded (HBF), are central to the study of solid-state chemistry, 
largely owing to the ability to tune their properties through molecular design. 
HBFs, unlike their MOF and COF counterparts, differ in their unique ability to 
self-assemble to form crystalline inclusion compounds in stoichiometric 
amounts. Guanidinium organosulfonate (GS) frameworks are a highly versatile 
class of HBFs based on a persistent hydrogen bonded network of guanidinium 
cations and organosulfonate anions, where modification of the sulfonated 
organic component of the GS framework allows for facile alteration of the size, 
shape, and chemical environment of the cavities, as well as the crystalline 
architecture of the framework. The remarkable versatility of the GS frameworks 
enables applications ranging from non-linear optics to chemical separations. 
We have demonstrated the ability to use GS frameworks for structure 
determination with guests for which single crystal analysis is elusive, including 
determination of absolute configuration. These frameworks have also been 
used for conformational analysis of target guest molecules to explain their 
reactivity. Finally, we have also explored using the frameworks for directed 
assembly and tuning of charge-transfer complexes. 
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 P-9   Solid-State Chemistry of Gefapixant Citrate: Development of a 
Green and Sustainable Manufacturing Process 

Alfred Lee 

Merck Sharpe & Dohme Corp. 
 
Gefapixant citrate (or MK-7264) is a P2X3 receptor antagonist that is under 
investigation for the treatment of refractory and unexplained chronic cough. It 
has demonstrated significant efficacy in recent Phase 3 clinical trials in 
reducing the frequency of cough in patients with refractory chronic cough after 
12 weeks of treatment compared to placebo.   

This presentation provides a solid-state chemistry perspective on the 
development of a commercial manufacturing process for gefapixant citrate. 
Key innovations that will be discussed are: (1) exploitation of a cocrystal that 
enabled chemical purification and enhance the physical properties of a 
regulatory starting material; (2) utilization of crystal structure prediction (CSP) 
across the chemical synthesis to ensure that products are launched with the 
best chemical processes; (3) a novel salt metathesis approach to consistently 
deliver the correct API salt form in high purity; and (4) navigation of a complex 
solid form landscape through knowledge of a process phase diagram. 
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 P-10   Microstructural Characterization of Ball Python Urates 

Alyssa Thornton 

Georgetown University, USA 
 
Excess nitrogen that is not metabolized must be excreted - as ammonia (NH3), 
urea (CH4N2O) or uric acid (C5H4N4O3). Of the three, uric acid has a 
significantly lower aqueous solubility. While humans primarily excrete urea 
along with large volumes of water as urine, uricotelic species such as reptiles 
and birds excrete uric acid in a solid form (“urates”) as a means to conserve 
water. To better understand how uricotelic species can manage this poorly 
soluble compound in a low water environment, we performed a detailed 
microstructure analysis of the urates eliminated by the ball python, a model 
ancient snake species.   

A combination of SEM, IR, TGA and PXRD studies revealed that ball python 
urates have a unique morphology consisting of microspheres (1-60 µm in 
diameter) made from agglomerated sphere-shaped particles.  Microspheres 
retain their spherical shape under gentle hand-grinding but fracture under 
attrition milling conditions.  Powder X-ray diffraction of hand-ground and milled 
samples exhibit one intense diffraction line with a d-spacing of 3.191 Å, and 
weaker diffuse scattering over a 2-theta span of 50 degrees. The data 
collectively suggest that the ball python urates have a composition consistent 
with uric acid hydrate and a turbostratic layered structure.  Upon heating, or 
with extended aging times, the microspheres were found to transform to other 
well-known forms of uric acid. 
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 P-11   Understanding the Impact of Crystal Chemistry on the 
Comparative Crystallisation of Entacapone Polymorphic Forms and 
their Directed Nucleation on Gold Templates 

Cai Ma 

University of Leeds, UK 
 
In our previous studies, the ability to direct the surface crystallisation of different 
polymorphs of entacapone by tuning the electrochemical potential of Au(111) 
templates was demonstrated with entacapone crystallised in its stable form A 
on the template surface and concomitantly in its metastable form D in the bulk 
solution. This study reports the crystal structure of entacapone form D solved 
with synchrotron X-ray diffraction and uses molecular modelling methods to 
investigate the molecular structure and their conformation, crystal structure 
and lattice energy and their synthons, crystal morphology and surface 
chemistry of both entacapone forms. Density functional theory and molecular 
dynamics were also used to explore the role of a gold surface in the preferential 
formation of crystalline entacapone form A. Through these modelling studies, 
together with the Raman spectra of entacapone on Au surface, the absorption 
and orientation of entacapone molecules on the Au surface were examined to 
explain the nucleation of form A on the Au surface instead of form D. 

 

Acknowledgments: This work was supported by the Innovate UK (Digital 
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P-12   Inter-relationship between Intermolecular Interactions and Lattice 
Energetics in the Crystal Structures of Pharmaceutical Materials 

Cai Ma 

University of Leeds, UK 
 
Crystal lattice energy, synthons and their contributions, surface chemistry and 
surface energy, functional groups provide the crucial insights into the 
crystallisation and formulation of crystals under various processing 
environments. Computational and statistical studies with the Cambridge 
Structural Database (CSD) entries can catch the insight into pharmaceutical 
development and manufacturing for the generation of particle informatics for 
digital-based drug development. A previous study (Bryant et al., J Pharm Sci, 
2019) reported the generation of the CSD drug subset and its statistical 
analysis including molecular and crystal descriptors. In this study, a molecular 
modelling software was applied to a list of crystal structures in the CSD drug 
subset through Python codes. The simulation results were statistically 
analysed for obtaining the distributions of molecular/crystal descriptors, crystal 
lattice energy, synthonic and functional group contributions, and also 
identifying their relationships between each other. Linear relationships 
between molecular weight and normalised crystal cell volume, and also 
between crystal void volume percentage and packing coefficient were 
obtained. From these, some statistically-based guidance for the digital design 
of pharmaceutical crystals could be provided for practical use. 
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 P-13   Behavior of Occupied and Void Space in Molecular Crystal 
Structures at High Pressure 

Cameron J G Wilson 

University of Edinburgh, UK 
 
We report a Monte Carlo algorithm for calculation of occupied (“network”) and 
unoccupied (“void”) space in crystal structures. The variation of the volumes of 
the voids and the network of intermolecular contacts with pressure sensitively 
reveals discontinuities associated with first- and second-order phase 
transitions, providing insights into the effect of compression (and, in principle, 
other external stimuli) at a level between those observed in individual contact 
distances and the overall unit cell dimensions. The method is shown to be 
especially useful for the correlation of high-pressure crystallographic and 
spectroscopic data, illustrated for naphthalene, where a phase transition 
previously detected by vibrational spectroscopy, and debated in the literature 
for over 80 years, has been revealed unambiguously in crystallographic data 
for the first time. Premonitory behavior before a phase transition and crystal 
collapse at the end of a compression series has also been detected. The 
variation of the network and void volumes for 129 high-pressure studies taken 
from the Cambridge Structural Database (CSD) were fitted to equations of 
state to show that networks typically have bulk moduli between 40 and 150 
GPa, while those of voids fall into a much smaller range, 2−5 GPa. These 
figures are shown to reproduce the narrow range of overall bulk moduli of 
molecular solids (ca. 5−20 GPa). The program, called CellVol, has been written 
in Python using the CSD Python API and can be run through the command line 
or through the Cambridge Crystallographic Data Centre’s Mercury interface. 
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P-14   Influence of the Pressure Transmitting Medium on the Pressure 
Effect in Metal-Organic Framework 

Aleksandra Półrolniczak 

Adam Mickiewicz University, Poland 
   

The investigation of the structural phenomena occurring in the solid-state at 
high pressure requires maintaining the hydrostatic conditions during the 
experiment. To achieve these conditions, it is necessary to use a liquid with 
high solidification pressure to assure that the force will be transmitted 
uniformly in the planned pressure range. What is more, in compounds 
containing large voids in the structure, the molecular size of the pressure 
transmitting medium (PTM) becomes also extremely important. According to 
the size of the molecules, two types of PTM can be distinguished: penetrating 
PTMs, i.e. those whose particles are smaller than the pores of the material, 
which allows them to penetrate into the structure, and non-penetrating PTMs, 
with particle sizes larger than the available volume of cavities, preventing the 
medium from penetrating the pores. Recently, we have established that 
crystals of [Zn(m-btcp)2(bpdc)2]·2DMF·H2O, referred to as DMOF, exhibit 
interesting mechanochemical behaviour depending on the type of used PTM. 
Compression in non-penetrating PTM led to negative linear compressibility 
(NLC), while a penetrating PTM ‘hyperfills’ the pores of this framework, 
adjusting the 3-dimensional strain and redirecting the NLC phenomena, 
eventually resulting in a pressure-induced amorphization around 1.2 GPa. 
Owing to the strong and inverse elastic responses between negative and 
positive deformation in two orthogonal directions, DMOF can be considered 
as a molecular sensor capable of detecting molecules of different sizes in its 
compressed environment. The most interesting property of DMOF is that its 
NLC in the non-penetrating media contrasts with the elongation along another 
direction in a penetrating PTM. This unique feature could be applied as a 
switch of sensors of fluids or micro-mechanisms controlled by hydraulic 
systems. Certainly, a library of materials with such exceptional mechanical 
and mechanochemical properties is needed. 

Acknowledgment: This work was supported by funding from the Polish National 
Science Centre: PRELUDIUM 18 No. UMO-2019/35/N/ST5/01838 and grant 
POWR.03.02.00-00-I026/16 co-financed by the EU European Social Fund under 
the Operational Program Knowledge Education Development. 
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 P-15   Insights into Surface Structural Dynamics for Particle Property 
Control 

Dave Collins 

University of Leeds, UK 
 
The physical properties of a crystalline material are dependent on the structure 
of the crystal surface, for example surface wettability is governed by the 
hydrophobicity or hydrophilicity of the exposed crystal facet. Other properties 
such as solubility, bioavailability, compaction behaviour, catalytic ability etc. 
share this dependence on structure yet there is currently a lack of 
understanding on the structure of crystal surfaces, exposed functionalities and 
how these link to the properties of the material.  

Accurate prediction of crystal growth behaviour is particularly difficult for 
organic crystals with non-centrosymmetric molecular structures giving rise to a 
wide range of flat, step and kink crystal growth sites each with different 
functional groups exposed, in varying orientations, resulting in different binding 
specifications for an additional growth unit. The growth behaviour is then 
complicated even further by the crystallisation conditions changing the shape, 
size and solid form of the resulting crystals and consequent physical properties. 
Factors influencing crystal habit include the identity and composition of solvent 
used, the inclusion of additives and concentration used, thermal properties of 
the crystallising solution and evaporation rate.  

This study uses a complimentary approach of Angle Resolved Polarised 
Raman Spectroscopy and X-ray based crystallographic techniques to identify 
exposed crystal faces, and the functionalities on these surfaces for comparison 
to measured surface properties in order to establish links between the two. This 
exploration of surface structure and physical properties can then be used to 
predict surface activity and to improve understanding of the nature of potential 
interactions with other components such as solvents, additives, or 
biomolecules. 
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 P-16   Polymorph Formation in OSC Driven by the Crystalline Form of 
the Chemical Precursor 

Elisabetta Venuti 

Department of Industrial Chemistry, University of Bologna, Italy 
 
In the case of pigments, the manufacturing of films for organic electronics 
applications by wet methods suffers from the drawback of the low solubility of 
the material.[1] The problem can be overcome via the deposition of the so-
called latent pigment, that is a soluble, easily processable derivative. Thermal 
cleavage allows for the recovery of the parent pigment system.  

The strategy of preparing crystalline films of the organic semiconductor 
quinacridone (QA) via the soluble chemical precursor tBoc-QA,[2] coupled to 
the deposition by the bar-assisted meniscus shearing (BAMS) method, has 
proved to be successful in improving sample homogeneity and 
reproducibility.[3] Unexpectedly, however, the crystal structure of the 
semiconductor on the Si/SiO2 substrate is determined by the precursor starting 
structure, which is in turn triggered by the deposition method.[4] The films are 
in fact found to be made of the metastable α-QA polymorph, at variance from 
what is observed in the spin coating depositions, where the β form of the 
pigment appears. A novel polymorph of the precursor itself, the growth of which 
is probably driven by the higher deposition temperatures required by the 
shearing method, acts as a template for selective formation of α-QA.  

Such a finding suggests that chemical precursor methods can be employed to 
access and test different crystal structures, together with those already 
adopted in crystal engineering to exploit the multifaced quality of 
polymorphism. 
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 P-17   Crystallization of Active Pharmaceutical Ingredients in Thin 
Films 

Gabin Gbabode 

University of Rouen Normandy, France 
 
Utilizing surfaces for nucleation and growth is often adopted as a means to 
enhance crystallization. Certain surfaces can accelerate crystallization while 
other prevent it. On the other hand, constrains induced by the surface can 
trigger crystal growth on well-defined contact planes and thus along specific 
crystallographic directions i.e. texture or epitaxial growth can result.[1] It has 
also been shown that surfaces can increase the crystallization rate when 
compared to the bulk.[2] Furthermore, it has been shown for several organic 
semiconductors (organic molecules deposited on flat solid substrates as thin 
films a hundred of nm thick) that new polymorphs could be stabilized only close 
to the substrate (called “substrate induced polymorphs or SSPs).[3,4] In this 
presentation, we report two cases of crystallization of active pharmaceutical 
ingredients (APIs) showing the ability of a solid surface to drastically change 
the outcome of the crystallization and thus modify the properties of the API. 
The first example concerns pyrazinamide (PZA), an API used in the treatment 
of tuberculosis, which possesses 4 polymorphic forms. Here, thin film 
deposition of PZA alone or with an additive (dimethyl urea –DMU-) shows the 
long-time stabilization of a metastable polymorph. The second example 
pertains to ketoprofen (a non-steroidal anti-inflammatory) for which amorphous 
solid dispersions could be achieved upon thin film co-deposition with 
polyethylene oxide. Film thickness and relative humidity proved to significantly 
influence the stability of those amorphous solid dispersions. 
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 P-18   Halogenation Dictates Structures and Properties of Amyloid 
Peptides 

Giancarlo Terraneo 

Politecnico di Milano, Italy 
 

Besides pathological roles in many diseases, e.g., Alzheimer’s, Parkinson’s, 
Creutzfeldt–Jakob, and Huntington’s, amyloid peptide architectures have 
found many other non-biological applications such as forming highly ordered 
nanomaterials. Together with their biocompatibility and the ease of production, 
amyloidogenic peptides show a very versatile polymorphic behavior yielding a 
broad range of hierarchical structures, such as tapes, ribbons, fibers, 
nanoparticles, and nanotubes.  

Subtle variations in the experimental conditions, peptide sequence or its 
chemical functionalization may impact the self-assembly pathway and, 
consequently, the resulting nanostructures.  

Here we report that depending on the number, position, and nature of the 
halogen atoms introduced into either one or both phenylalanine benzene rings 
of the amyloid β peptide-derived core-sequences such as DFNKF (H2N-Asp-
Phe-Asn-Lys-Phe-COOH), KLVFF (H2N-Lys-Leu-Val-Phe-Phe-COOH) and 
DSGYEV (H2N-Asp-Ser-Gly-Tyr-Glu-Val-COOH), different architectures and 
properties are obtained in a controlled manner. 
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 P-19   Guest–Induced Structural Reorganization of a Metal–Organic 
(M6L4) Cage 

Hema Kuntrapakam 

Weizmann Institue of Science, Israel 
 
Inspired by the molecular recognition of enzymes, chemists designed multiple 
synthetic hosts capable of encapsulating various guest species. The host–
guest chemistry finds multifarious applications in the areas of molecular 
sensing and separation, drug delivery, reactivity control etc. Metal-organic 
cages (MOC) are the most popular synthetic hosts owing to their i) easy 
synthesis ii) feasible rational design with precise cavity control (in terms of the 
size, shape and polarity), and iii) dynamic nature of the metal-ligand 
(coordination) bond. The dynamic nature of the coordination bond is interesting 
as it enables a cage to undergo adaptation or structural reorganization. In our 
studies, we observe the presence of two different isomers of a Pd6L4 cage (L 
= 1,3,5-trimidazolyl benzene) wherein only one of the isomers is predominant 
(thermodynamically stable isomer - cage 1, a less symmetrical isomer with an 
open cavity) with another being present in inconsequential amounts 
(metastable isomer - cage 2, a high symmetrical octahedral isomer with an 
enclosed cavity) at ambient conditions. We anticipated that by judicious choice 
of guests with suitable shapes and symmetries, it would be possible to 
maximize the population of cage 2. Remarkably, we were able to achieve 
quantitative conversion of cage 1 to cage 2 upon complexation with 4,4’,4’’,4’’’-
methanetetrayltetraphenol. The presence of two isomers and the predominant 
formation of cage 2 upon guest (with tetrahedral symmetry) encapsulation 
were unambiguously confirmed by 1D and 2D NMR studies. Imidazole groups 
in the ligands of cage 1 are twisted with respect to benzene in order to avoid 
steric clashes between the imidazole and benzene hydrogens. Conversely, 
cage 2 necessitates a near-planar conformation of imidazole groups. Such 
planar conformation, although not-preferable under ambient conditions due to 
the steric repulsions, may be stabilized by the encapsulation of guest that 
preferably fit to the cavity of cage 2. 
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P-20   Scale-up of Agrochemical Urea-Gypsum Cocrystal Synthesis 
Using Thermally-Controlled Mechanochemistry 

Ivana Brekalo 

Ruđer Bošković Institute, Croatia  
 
Nitrogen fertilizers are an important part of supporting the growing human 
population by enabling increased food production. However, there are ongoing 
challenges in their sustainability, both during production and use. Urea, one of 
the most common nitrogen fertilizers, decomposes under ambient conditions, 
releasing ammonia and causing losses in the nitrogen cycle.[1] Urea retention 
time can be increased by incorporating it into adducts that stabilize it.[2] We 
here explore the atom- and energy-efficient synthesis of crystalline calcium 
urea sulfate ([Ca(urea)4]SO4, URCASU[3]), a combined calcium, nitrogen, and 
sulfur fertilizer. We study its mechanochemical formation from urea and three 
different calcium sulfate sources (CaSO4⋅xH2O, x = 0, 0.5, 2), one of which 
(gypsum) is a common waste product of the construction industry. We monitor 
the kinetics of URCASU formation on a small scale in a mixer mill (MM) by in 
situ Powder Xray Diffraction (PXRD) and Raman spectroscopy, to establish 
the catalytic effects of water contained in the starting materials, at both room 
temperature and elevated temperatures. We then use the obtained results to 
inform scale-up procedures, using planetary milling (PM) and twin screw 
extrusion (TSE). We compare the time-space yield and energy consumption of 
both methods, as well as the conversion efficiency, to ascertain the most 
efficient and sustainable scale-up procedure. Dissolution and stability studies 
of the prepared URCASU adducts show significantly higher urea retention in 
both laboratory and real-world conditions, compared to pure urea. 

[1] Pan, B.; Lam, S. K.; Mosier, A.; Luo, Y.; Chen, D. Agric. Ecosyst. Environ. 
2016, 232, 283. 
[2] Honer, K.; Kalfaoglu, E.; Pico, C.; McCann, J.; Baltrusaitis, J. ACS 
Sustain. Chem.Eng. 2017, 5, 8546. 
[3] Villiers, J. P. R.; Boeyens, J. C. A. J. Cryst. Mol. Struct. 1975, 5, 215 
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P-21   Crystal Structures of Resonance-Assisted Hydrogen-Bridged 
(RAHB) Rings-RAHB/RAHB and RAHB/C6-Aromatic Stacking 

Jelena Blagojević Filipović 

Innovation Center of the Faculty of Chemistry, Belgrade, Serbia  
 
Stacking interactions of rings with resonance assisted hydrogen bonds (RAHB) 
were studied. Contacts between two RAHB rings deposited in the Cambridge 
Structural Database (CSD) were studied, as well as contacts between RAHB 
rings and C6-aromatic fragments. Large portion of RAHB/RAHB contacts 
(91%) [1] and a bit smaller portion of RAHB/C6-aromatic contacts (59%) [2] can 
be described as stacking interactions, since they exhibit parallel alignment and 
interplane distance in the range between 3.0 and 4.0 Å, which is a 
characteristic of stacking interactions. Although stacking interactions are 
present also between two benzene molecules in crystal structures, a huge 
structural difference can be observed, since RAHB/RAHB and RAHB/C6-
aromatic contacts form layers, unlike benzene/benzene contacts. These 
observations are based on comparing relations between interplane 
separations (R) and horizontal displacements (r) of the interacting rings in 
RAHB/RAHB, RAHB/C6-aromatic and benzene/benzene systems [3]. 

Quantum chemical calculations on dimer model systems confirm the existence 
of stacking interactions between RAHB/RAHB and RAHB/C6-aromatic 
molecules, since interaction energies can be relatively strong [1,2]. In most of 
the cases these interactions are stronger than benzene/benzene interaction. It 
is quite interesting that the stacking interactions conserve large portion of their 
strength at large horizontal displacements, which is observed also in 
benzene/benzene interactions what distinguishes them from the saturated 
systems [1-3]. 
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 P-22   Thermomechanical Properties of Molecular Crystals from 
Machine Learning Potentials 

Ivor Lončarić 

Ruđer Bošković Institute, Croatia 
  
Molecular crystals are a common and important class of crystalline materials 
and the main topic of this conference. However, modeling molecular crystals 
based on first principles (eg. 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. Mechanical and thermal properties are 
even harder to model correctly as a standard harmonic approximation is often 
not accurate enough. In this presentation, we will show how machine-learned 
interatomic potentials can enable accurate and fast calculations of mechanical 
and thermal properties of molecular crystals enabling a high-throughput search 
for materials with the desired properties. In principle, to train machine learning 
potential one would need to create a sufficiently large database of molecular 
crystals calculated with the desired accuracy. This is also a very challenging 
task and we will show how to avoid this step using transfer learning and existing 
databases of small systems. 
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 P-23   Two-Dimensional Topological Crystallization and Chiral 
Tessellation 

Karl-Heinz Ernst 

EMPA, Switzerland 
  
We report a unique the transmission of chirality from single polyaromatic 
hydrocarbon molecules (1,3,5-tristetrahelicenebenzene, Fig. 1) into two-
dimensional self-assembled monolayers on a silver surface, as studied by 
means of scanning tunneling microscopy (STM) in ultrahigh vacuum. The 
relatively high molecular flexibility allows adaptation of handedness during 
crystal growth which is governed rather by entropy than by enthalpy. The 2D 
crystal is a solid solution with domains of opposite enantiomeric excess and 
supramolecular handedness, as revealed by submolecular resolution STM. 
The layer is dominated by motifs, such as nodes of different topology, two-
armed and three-armed spiral arrangement and an enantiospecific lateral 
offset of oligomeric triangles. To our knowledge such chiral self-assembly 
phenomenon has been neither reported previously nor has such aperiodic tiling 
of the plane been previously described by mathematical analysis. The 
presence of a chiral dopant promotes triangular boundaries without 
displacement and destroys the topological features. Potential implications for 
regular crystallization will be discussed. 
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 P-24   Sustainable Mechanochemical Synthesis of Diamondoid Ethers 

Jasna Alić 

Ruđer Bošković Institute, Croatia 
 
Diamondoids are polycyclic cage hydrocarbons with a structure resembling the 
diamond crystal lattice [1]. Unlike bulk diamond, diamondoids can be 
selectively functionalized, making them applicable in areas ranging from 
medicine [2] to nanotechnology [3]. Here, we present the mechanochemical 
synthesis of several diamondoid ether derivatives differing in the type and size 
of their cage subunits. Recently, mechanochemistry has been increasingly 
utilized due to its compliance with the principles of green chemistry [4]. 
Mechanochemical syntheses of diamondoid ether derivatives do not proceed 
under ambient conditions but are enabled by high-temperature ball milling 
conditions [5]. Crystal structures obtained from single-crystal XRD experiments 
confirmed the target products and ascertained London dispersion interactions 
as a driving force for the self-assembly of such bulky molecules in the solid 
state. Note that the advantages of mechanochemical synthesis of diamondoid 
ethers include facile reaction proceedings, shorter reaction times, use of 
inorganic bases, and elimination of solvent necessity. Hence, this approach is 
characterized by notable improvements in sustainability metrics compared to 
the conventional solution synthesis methods. Looking from the emerging 
nanotechnology perspective, the costs and sustainability of target material 
fabrication are paramount for future real-world applicability. 
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 P-25   A Reflective Device Enabling Crustaceans to See but Not be 
Seen 

Keshet Shavit 

Ben-Gurion University of the Negev, Israel 
 
Larval crustaceans use transparency to camouflage themselves in rivers and 
the open ocean. These animals have evolved an ingenious optical device to 
conceal the conspicuous pigments in their eyes – an ‘eyeshine’ reflector which 
deflects light away from the opaque pigments [1]. Using cryo-SEM and TEM 
we show that the eyeshine of larval shrimp is produced by light-scattering from 
dense arrays of high refractive index, core-shell nanoparticles made of 
crystalline isoxanthopterin. Recently, these nanoparticles were found in the 
tapetum of adult shrimp where they are used to enhance photon-capture [2]. 
The reflectivity and scattering of the particles are enhanced by their 
birefringence, which results from the anisotropic arrangement of refractive 
indexes within the particle shell [3]. These particles are located in specialized 
cells overlaying the pigment and extending down the sides of the rhabdoms. 
Reflectivity measurements and optical modeling demonstrate that the color of 
the scattering is determined by the size of the particles and their degree of 
short-range ordering. The eyeshine color is spectrally-matched to the water 
color in the native habitat of the shrimp and also changes upon light-dark 
adaptation. This enables them to remain inconspicuous against the 
background. For example, the prawn M. rosenbergii which inhabits 
yellow/green rivers in the Indo-Pacific exhibits yellow/green eyeshine, 
produced by 400 nm particles. Marine shrimp from the gulf of Aqaba have blue 
eyeshine produced by 220 – 330 nm particles.  
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 P-26   John Neil Sherwood (1933-2020): An Appreciation 

Kevin Roberts 

School of Chemical and Process Engineering, University of Leeds, UK 
 
Understanding, characterising and defining the crystal growth of organic 
materials and, in particular, the pivotal inter-relationship between their growth 
conditions, lattice defect generated and resulting properties owes so very much 
to the seminal work, spanning 6 decades, of Professor John N. Sherwood of 
the University of Strathclyde who died at the age of 87 on the 4th December 
2020. John was a founding member of both the ICCOSS and the wider crystal 
growth of organic materials communities. His research into the growth and 
structural characterisation of organic crystals encompassed wide range of 
compounds (>200) including plastic crystals, long chain hydrocarbons, 
energetic materials and non-linear optic materials. He also collaborated widely 
with industry where crystallisation is used to both isolate and purify materials 
Careful control of the crystal growth process is vital to ensure the quality and 
efficacy of crystalline ingredients during their manufacture. As a founder user 
of UK’s Source at Daresbury in the late 1970s, John was a great champion of 
its use of synchrotron radiation X-ray topography in the study defects in 
crystals. This led their wider exploitation synchrotron-based techniques for in-
situ studies of crystallization, solid-state reactivity and mechanically-induced 
deformation.  Over his career, John Sherwood published more than 250 high 
quality journal papers whose examination reveals his strong collaborative 
ethos and inclusive style which enabled the assembly of large, interdisciplinary 
teams to tackle significant scientific and industrial research challenges. He was 
an excellent mentor to both students and colleagues. The talk will give a brief 
overview of his scientific life and his key contributions as an eminent academic 
scientist, mentor and friend.  
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 P-27   Cyclodextrin-Based Metal Organic Framework Crystallization and 
Evaluation as Potential Drug Carrier 

Kristine Krukle-Berzina 

Latvian Institute of Organic Synthesis, Latvia 
 
Metal–organic frameworks (MOFs) have been known for decades, and they 
continuously have gained interest because of their application potential 
increasing in the various fields – pharmacy, medicine, technology etc [1]. 
Cyclodextrin (CD) MOFs porous architecture and adjustable properties allow 
them to be considered as promising drug carriers. Modification of the properties 
of an existing active pharmaceutical ingredient (API) without changing its 
biological role can be much faster and more effective [2]. 

In this study different CD based MOFs were crystallized using various methods 
and characterized by X-ray methods. At the results we obtained two new 
crystal structures for α-CD-K and one α-CD-Rb MOF using vapor diffusion 
method. One of the newly obtained α-CD-K and α-CD-Rb is isostructural. The 
new crystal structure for β-CD-K MOF using solvent exchange method. It’s kept 
the symmetry and space group but molecules arrangement in crystal lattice 
change compared to the literature published [3]. The new crystal phase for γ-
CD-K using fast crystallization. All crystal forms were compared and evaluated 
as potential drug carriers. 

 

Acknowledgment: This project is co-financed by European Regional 
Development Fund within the Activity 1.1.1.2 “Post-doctoral Research Aid”. 
Research application No. 1.1.1.2/VIAA/3/19/583, "Application of metal-organic 
frameworks as potential carriers of active pharmaceutical ingredients". 
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 P-28   Phase Behaviour of n-alkane and Fatty Alcohol Mixtures: Insight 
into the Surface Structure of Leaf Cuticle Waxes 

Laksha Parameswaran 

University of Leeds, UK  
 
Currently, one of the major challenges is the survival of plants in given the 
changing climates such as increasing temperatures and droughts. The plant 
has a built-in survival mechanism called the cuticle; a waxy layer embedded 
on the aerial surfaces of several plant organs, mainly leaves. The cuticle 
prevents the water absorbed by the roots to escape through the aerial parts of 
the plant. This research sets out to understand whether crystallisation wax is 
affected by its composition. Further structural characterization will provide 
insight into agrochemical absorption and movement of water molecules 
through the wax. The studied model is representative of the natural plant, S. 
elegantissima, which is mainly composed of long-chain hydrocarbons. Using 
DSC, PXRD and FTIR, a novel equilibrium phase diagram has been presented 
for the binary mixture of n-alkane C31H64 (C31) and fatty alcohol C30H61OH 
(C30-OH). These components represent 70% of the composition in the cuticle. 
From the DSC traces, the relationship between the two components is more 
complicated with monotectic, eutectic and peritectic reactions occurring 
between 20 to 90°C. Isothermal PXRD and FTIR at 25°C of the binary mixture 
show that the addition of C31 lowers the symmetry of C30-OH when 
recrystallised from melt. It is hypothesised that disorder in the long chain helps 
to accommodate this new crystalline phase between the two components. 
Whether this new phase is significant in agrochemical absorption and water 
permeation is yet to be discovered. 
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 P-29   Assessing the Possibility of Pharmaceutical Crystal Engineering 
by Combined Experimental Evaluation of Their Physical Properties and 
Quantum Crystallography: the Case of Clopidogrel Hydrogensulfate 

Ljupčo Pejov 

Institute of Chemistry, Faculty of Science, SS Cyril and Methodius 
University, Skopje, Macedonia  
 
The relation between crystal structure and physical properties of the so-called 
pharmaceutical crystals is assessed by a combined experimental and quantum 
crystallographic approach. The two polymorphic modifications of clopidogrel 
hydrogensulfate are considered as prototypical case (see Figure below where 
the optimized geometry of form I is presented). The two crystal phases of the 
title compound are experimentally investigated by powder X-ray diffraction 
techniques, infrared spectroscopy augmented with two-dimensional correlation 
analysis (2DCOS) using temperature as external perturbation parameter, as 
well as differential scanning calorimetry. A range of parameters relevant to 
pharmaceutical technology, such as tabletability, tensile strength and bulk 
deformability are studied as well. From theoretical side, the structural, 
spectroscopic and elastic properties of the two polymorphs are computed, 
using both finite-cluster representations of the crystals along with density 
functional theory in atom-centered basis set representation, as well as 
pseudopotential plane-wave density functional theory for 3D periodic systems. 
Essentially complete reassignment of vibrational spectra of the studied 
systems is proposed on the basis of results from finite-cluster calculations. 
2DCOS, on the other hand, allows rather precise insights into the behavior of 
very similar, but yet crystallographically distinct oscillators to be derived. The 
calculated elasticity tensor components can be understood in terms of local 
bonding properties within the crystal. Using the Voigt-Reuss-Hill scheme, the 
single-crystal tensorial properties are averaged for a case of polycrystalline 
aggregates of the title systems, as encountered in pharmaceutical engineering. 
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 P-30   How does High Temperature Aging Influence the Thermal 
Properties and Crystal Structure of Sodium Lauroyl Isethionate? 

Thomas Barber 

University of Leeds, UK  
 
Sodium lauroyl isethionate (SLI) has become a popular alternative to traditional 
surfactants in the personal care market. This is due to its increased product 
performance in hard water, and mildness compared to other synthetic 
detergents. Recent work has enabled high purity SLI to be produced, allowing 
for isolated analysis and characterization of its solid crystalline phase. Due to 
the synthesis method used in industry, once produced SLI can remain at high 
temperature in the liquid phase for extended periods of time. Despite inert 
conditions preventing major chemical decomposition, relaxation was found 
occur in the liquid crystal phase leading to changes in the subsequent 
crystallization. This included higher temperature phase changed points and 
and an changes to the interlamellar spacing. 
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 P-31   Polymorphism and Stereoselectivity in the [2 + 2] 
Photodimerization Reaction of Vitamin K3 

Lorenzo Pandolfi 

University of Bologna, Italy  
 
The solid-state photoreactivity of vitamin K3 (VK3) has been known for a long 
time and this feature has strongly limited its industrial use. [1–4] In particular, 
the [2 + 2] photodimerization in broadband light, which yields the cis-syn and 
cis-anti dimers in equal amounts, has been described for the 
thermodynamically stable polymorph I. A new polymorph II of VK3 was isolated 
for the first time in 2008 [5] but, to the best of our knowledge, its photochemistry 
has not yet been studied. Here we report on the photoreactivity of both VK3 
polymorphs investigated by means of lattice phonon Raman microscopy and 
ATR-IR spectroscopy in the molecular vibration energy range. This approach 
allows for the description of the reaction as a combination of two processes: 
the chemical change of the molecules and the photo-physical transformation 
of the unit cell. The vibrational analysis was supported by the DFT calculation 
of the spectra as well as by UV-Vis spectroscopy, X-ray diffraction and NMR 
characterizations. Even though neither VK3 crystal structure satisfies the 
empirical rules of the topochemical postulate, [6] both are found to exhibit 
reactivity in all the adopted irradiation conditions, with polymorph II 
characterized by a slower kinetics. In addition, by selecting energy and/or 
frequency of the exciting light, the reaction can be driven to take place under 
controlled conditions in a crystal-to-crystal fashion, with the two crystalline 
forms displaying different stereoselectivities. 

[1] J. Medinaveitia, Anales real. Soc. Espan. Fis. Quim., 31, 1933. 
[2] H. Werbin e E. T. Strom, J. Am. Chem. Soc., 90, 1968. 
[3] J. P. Attfield e H. Nowell, New J. Chem., 28, 2004. 
[4] B. Zhu, J. R. Wang, Q. Zhang e X. Mei, CrystEngComm, 18, 2016. [5] N. Cindro, 
M. Tireli, B. Karadeniz, T. Mrla, K. Užarević, ACS Sustainable Chem. Eng. 7 (2019) 
16301.  
[5] S. Rane, K. Ahmed, S. Salunke-Gawali, S. B. Zaware, D. Srinivas, R. Gonnade e 
M. Bhadbhade, J. Mol. Struct., 892, 2008.  
[6] G. M. J. Schmidt, Pure Appl. Chem., 27, 1971. 
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 P-32   From Molecular Electronic States to Molecular Excitons  in 
Quinacridone Crystals 

Luca Grisanti 

Ruđer Bošković Institute, Croatia 
 
The prediction and the simulation of optical properties in organic molecular 
crystals remains a challenging computational task. DFT techniques combined 
with the selection of proper functionals have been successfully applied to 
describe excited states and related properties in isolated molecular systems. 
However, the evolution of spectral properties in a crystalline environment is 
very difficult even in simplified models neglecting vibrational degrees of 
freedom. This is a consequence of the non-trivial effects such as embedding 
and electrostatic interactions, and excitonic couplings.  

As a first step towards the understanding of the relation between linear optical 
properties at molecular levels and inside a crystal, we have implemented a 
model that combines time-dependent DFT calculations on single molecules 
and on molecular clusters extracted from the crystal, and transfers part of the 
information to a model Hamiltonian constructed on the basis of the interacting 
excitations on the molecular units. This will allow us to understand the 
character of excitonic states and their impact on spectral properties. 

We have tested our approach on quinacridone, a well known crystalline organic 
pigment that forms several polymorphs, featuring both π-stacking and 
hydrogen bond supramolecular motifs, and where the combined presence of 
dark states, localized and CT excitations, leads to a quite complex picture. 
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 P-33   Mechanochemical Synthesis of Novel Crystalline β-CD Inclusion 
Complexes with Urease and AMO Inhibitors for a Healthier Environment 

Lucia Casali 

University of Bologna, Italy 
 
With the global agricultural production ever-expanding, the quest for a 
sustainable soil fertilization and crop productivity is all the more necessary. At 
the present day, most of the nitrogen fertilizer applied to the soil is lost to the 
environment given the activity of the two soil enzymes urease and ammonia 
monooxygenase (AMO). Therefore, the control of soil enzymatic activities that 
impact on the release of N-based compounds either in the atmosphere or in 
the underground waters is critical. The current agrochemical formulations are 
aimed to increase N use efficiency by suppling inhibitors of such enzymes to 
the soil. In the past few years, we have succeeded in improving the physico-
chemical properties of agrochemicals - such us stability, water solubility, and 
manageability - via co-crystallization with organic molecules and inorganic 
salts. However, the urease and AMO inhibitors here investigated (nitrapyrin 
and thiurams) were quite difficult to co-crystallize, given their high 
hydrophobicity and low reactivity. Therefore, we proceeded with the 
optimization of such inhibitors by including them into the apolar cavity of β-
Cyclodextrin (β-CD), a safe and cheap ‘drug’ delivery extensively used in the 
pharmaceutical field. We mechanochemically synthesized novel crystalline β-
CD inclusion complexes, and we characterized them through a combination of 
solid-state techniques, including ex situ and in situ X-ray diffraction, Raman 
and NMR spectroscopies, thermal analysis. We finally tested these 
compounds towards the enzymes, proving that they still displayed a good 
inhibition activity. All results indicated that the included inhibitors presented 
improved properties related to stability, water solubility, and inhibition activity. 
These novel β-CD inclusion complexes were easily obtained through the 
green, fast, and quantitative mechanochemical synthesis, therefore they may 
represent a novel class of inhibitors to enhance the efficiency of nitrogen soil 
fertilization. 
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 P-34   Comparison of Adsorption Capability of G/CNT Hybrids and 
G/CNT/Polymer Nanocomposites 

Marija Prosheva 

Faculty of Technology and Metallurgy, Macedonia 
 
Carbon nanomaterials emerge as excellent adsorbents due to their 
extraordinary surface properties. The active surface of these nanomaterials 
is further improved by combining carbon nanotubes (CNT) and graphene in 
3D hybrid structure. In this research work G/CNT hybrids with different G:CNT 
weight ratios, 10:1, 1:1 and 1:10, were prepared and later used as filler into a 
polymer matrix. The polymer nanocomposites filled with 1 wt% of G/CNT 
hybrids were obtained using in-situ emulsion polymerization. 

The adsorption performance of the hybrids and polymer nanocomposites was 
investigated using Quartz crystal microbalance (QCM) towards various toxic 
gases, NH3, NO2, NO and CO. In order to gain better understanding of the 
adsorption properties of the nanocomposites, their morphology and surface 
structure were investigated using scanning electron microscopy and atomic 
force microscopy. The chemical composition and structure of the hybrids was 
investigated using Raman spectroscopy and Transmission electron 
microscopy. 

From the microscopic and spectroscopic techniques is obvious that the 
different G/CNT ratio effects the structure of the different hybrid and 
subsequently, resulting in different morphology of the polymer 
nanocomposites. The results from the QCM suggested that by increment of 
the CNT concentration the adsorption performance was improved. When the 
G/CNT hybrids were incorporated into a polymer matrix the adsorption 
performance of the 1:1 G/CNT sample was significantly improved by 
increment of the frequency change up to 4-5 times compared to the neat 
polymer, depending on the type of gas.
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 P-35   Shape and Volume – Molecular Recognition Rules of Calixarene 
Ring 

Maura Malinska 

University of Warsaw, Poland 
 
Calixarenes are vase-shaped host molecules that can form complexes with 
one or more guest molecules. To establish molecular recognition rules, the 
hosts p-tert-butylcalix[6]arene (TBC6) and p-tert-butylcalix[8]arene (TBC8) 
were crystallized with different solvent molecules and the obtained structures 
were characterized by X-ray diffraction. With most solvents, 1:1 and/or 1:3 
TBC6–guest complexes were formed, although other stoichiometries were 
also observed with small guest molecules, and crystallization from ethyl 
acetate produced the unsolvated form. A common structural feature of most 
host-guest structures is off-set bilayer packing, which is built by the strongest 
dimers between TBC6 which have energies lower than −110 kJ mol−1. This 
structural feature was also present in pure TBC6 crystallized from ethyl 
acetate. The incorporation of solvent molecules with volumes <100 Å3 leads 
to the separation of the off-set bilayers, whereas larger solvent molecules 
prevent the formation of this layer in the crystal structures. Even though the 
formation of a structural motif with the tert-butyl group in the TBC6 cavity is 
energetically favoured, its slow rate of formation possibly limits the formation 
of pure TBC6 crystals. The calculated fill percentage of the TBC6 cavity was 
∼55% for apolar guests and significantly lower for polar solvents, indicating 
that polar molecules can bind to apolar cavities with significantly lower 
packing coefficients. All guest molecules that occupy the TBC6 cavity interact 
with the host with an energy close to −50 kJ mol−1; therefore, this property 
does not determine molecular recognition. The ratio between the apolar 
surface area and the volume was used to predict the formation of inclusion 
versus exclusion complexes, with inclusion complexes observed at ratios 
<40. These findings allow the binding of potential guest molecules to be 
predicted and a suitable crystal packing for the designed properties to be 
obtained. 
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 P-36   Joint Crystal Structure and Computational Study of Hydrogen 
Bonds of Ethylenediamine 

Milan Milovanović 

Innovation Center of the Faculty of Chemisty, Serbia 
  
The hydrogen bonds of coordinated ethylenediamine (en) play important roles 
in catalytic activity [1], the aim of this work was to study geometrical 
parameters and strength of these interactions. The search of crystal 
structures archived in Cambridge Structural Database (CSD) was performed 
in order to find crystal structures containing at least one coordinated en to a 
transition metal, and at least one free water molecule interacting with en via 
NH···O hydrogen bond. All calculations were performed at M06L-GD3/def2-
TZVPP/BSSE level of theory since it was confirmed that this level gives a 
good agreement with the CCSD(T)/CBS level. The distribution of dOH (Fig. 1) 
showed the maximum is at 2.0 Å - 2.1 Å, with a relatively large number of 
structures with distances shorter than 2.0 Å. The distribution of α (Fig 1.) 
revealed the maximum at 150⁰ - 160. The dOH and α are correlated, i.e. shorter 
distances correspond to larger angles. Most of en complexes contain cobalt, 
followed with palladium, nickel, and copper and most of them are in 
octahedral geometry. The coordination of en to the metal ions strengthens its 
hydrogen bonds with a water molecule. Namely, the energy of hydrogen bond 
of noncoordianted ethylenediamine is -2.3 kcal/mol, while the interaction 
energies for neutral metal complexes are in the range of -4.0 kcal/mol to -6.7 
kcal/mol. Increasing of charge of complexes increases the energy of 
hydrogen bond. For singly charged complexes energy spans from -8.5 to -
11.8 kcal/mol; for doubly charged complexes it spans from -15.6 kcal/mol to -
19.9 kcal/mol; while triply charged complex has the strongest interaction of -
28.0 kcal/mol [2]. In addition, the energies of hydrogen bond have a good 
correlation with the electrostatic potential on interacting hydrogen atom.  

[1] Ghosh, S. K.; Ehnbom, A.; Lewis, K. G.; Gladysz, J. A. Coord. Chem. Rev. 
2017, 350, 30–48.  
[2] Živković, J. M; Milovanović, M. R.; Zarić, S. D., submitted to Cryst. Growth 
Des. 2022. 
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P-37   Self-Healing Molecular Crystals 

Patrick Commins 

New York University Abu Dhabi, UAE 
 
There has been an exponential growth in the interest in self-healing materials 
over the past 15 years. Such materials are robust, flexible and of course, more 
durable compared to ordinary materials. However, interest in this exciting 
area of research has remained mostly within the soft materials community 
and has not been explored by solid-state organic chemists. With recent 
advancements in the understanding of molecular migration in solids and the 
apparent boon of discoveries of crystals that are able to bend, twist, curl, 
jump, flip or coil, solid-state chemistry research has become much more 
dynamic. With the latest insights into solid-state reactivity, we show that it is 
possible to extend the self-healing phenomenon towards molecular crystals. 
Here, we present our recent findings towards the first two self-healing 
molecular crystals. Single crystals of dipyrazolethiuram disulfide were 
synthesized, and their self-healing properties were studied using a modified 
tensile tester. It was found that the material displays 6.7% healing. Single 
crystals of 3-isopropoxyphenylboronic ester were also synthesized and found 
to heal up to 5 times better, with a maximum of 67% healing efficiency. The 
crystals of the boronic ester are particularly impressive as they display both 
plastic and elastic deformations, similar to soft polymeric materials. The 
physical characteristics of the self-healed materials were investigated using 
scanning electron microscopy, confocal fluorescence microscopy and 
computerized tomography scanning. The three forms of imaging show there 
was a degree of healing across the cracked region on both the surface and 
in the interior of the crystals. The self-healing capability was rationalized from 
the respective crystal structures and was found to be possible due to the 
dynamic nature of the covalent bonds in the two compounds. 
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 P-38   Synthesis of Various Pseudopolypeptides via Topochemical 
Azide-Alkyne Cycloaddition (TAAC) Reactions 

Rishika Rai 

School of Chemistry, Indian Institute of Science Education and Research 
Thiruvananthapuram, Kerala, India 
 

Functional as well as structural mimics of natural peptides (i.e. 
Peptidomimetics) have provided a wide scope of applications.1 To overcome 
the difficulties associated with solution-phase peptide synthesis, we have 
employed crystal lattice-controlled reactions, i.e. topochemical reactions, to 
develop various peptide mimics. Such lattice-controlled reactions between 
pre-organized reacting motifs, present in close proximity, offer substantial 
control over the stereochemistry of the products.2 We have synthesized 
simple dipeptides modified with azide and alkyne. Upon thermal activation, 
crystals of these dipeptides undergo not only topochemical Azide-Alkyne 
Cycloaddition (TAAC) reaction to form triazole-linked peptides3 but also show 
distinct mechanical behaviours (twisting) with respect to the molecular 
chirality of the dipeptides.4 We have also explored heterochirality in similar 
system (D and L amino acids). As anticipated, these crystals undergo TAAC 
polymerization but followed by cracking.5 Pursuing our interest in peptide-
based biomaterials, we have achieved a variety of pseudopolypeptides in 
crystalline form by employing similar principles.6 
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2018, 115, 2896. 
[5] Rai, R.; Krishnan, B. P.; Sureshan, K. M. Angew. Chem. Int. Ed. 
https://doi.org/10.1002/anie.202111623. 
[6] Rai, R.; Sureshan, K. M.  (manuscript submitted). 
 

 
 
 

 

 



ICCOSS XXV, Ohrid, Macedonia 

124 

 

 P-39   Developing the Application of the Crystalline Sponge Method 

Robert Carroll 

University of Southampton, UK 
 
The crystalline sponge (CS) method made waves in the scientific community 
when first published in 2013. It removes the necessity of crystallisation for 
single crystal X-ray diffraction (scXRD) by utilising the crystallinity and 
porosity of metal organic frameworks (MOFs). However, adoption of the 
technique has been primarily limited to the pharmaceutical industry and 
academic work has rarely strayed outside of the original authors’ laboratory. 
This project seeks to showcase the suitability of the CS method to academia 
and further develop understanding of the technique as a standard analytical 
tool. Initial research has explored novel biaryl molecules sourced from a 
synthetic organic laboratory at the University of Southampton. Systematic 
experiments, utilising methodology described in literature, have allowed 
elucidation of molecular structure for these synthetic oils via scXRD. A 
statistical design of experiments (DoE) approach is now being undertaken to 
critically evaluate the parameters of the methodology adopted in the initial 
work. This will explore new soaking conditions, by varying multiple factors 
simultaneously, to determine whether conditions arrived at in the initial work 
were truly optimal (for a related family of biaryl molecules). Computational 
modelling is also being employed to aid a conformational study of analytes 
within the pore environment using DFT-D3. Understanding how the 
environment of the CS influences the conformation of the analyte, comparing 
the results of conformational searches of isolated molecules to their 
conformations in the experimental structures. 
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 P-40   Simulation of the Phase Transition in DL-methionine 

Saba Ghasemlou 

Radboud University, The Netherlands 
 
Polymorphism in DL-methionine (DL-MET) has been studied to characterize 
the α and β polymorphic forms and to understand the temperature dependent 
solid-state phase transition between them. DL-MET belongs to the category 
of racemates of aliphatic amino acids. It consists of 2D hydrogen-bonded 
bilayers interconnected via weak Van der Waals interactions. The phase 
transition in DL-MET occurs via shifts within bilayers in a-b lattice plane and 
a combination of the shifts and rotation of the torsional angles in the 
perpendicular direction. In a large empirical study comparing many different 
phase transitions within the class of racemic aliphatic amino acids, we have 
shown that the mechanism for transitions involving a torsional change is 
different from those exhibiting only shifts [1]. The torsional change is likely to 
occur through a nucleation-and-growth mechanism, whereas the bilayers are 
likely to displace in a cooperative fashion. DL-MET allows for the study of both 
mechanisms within one system. Here we have applied computer simulations 
to reveal the phase transition in DL-MET. The transition path consists of many 
energy barriers which cannot be surmounted in the timescale of a Molecular 
Dynamics (MD) simulation. We have hence applied different Enhanced 
Sampling methods where an additional bias potential is added to ""push"" the 
system over the barrier. The results are later corrected for this extra bias. The 
simulations can provide us with trajectories of the transition, giving an 
atomistic view of the phase transition and with the free energy profile that is 
involved in the transition. Free energy profiles for different sizes of the 
simulation cell can provide us with more information on the mechanism since 
cooperative mechanism show different scaling behavior to nucleation-and-
growth. 
  
[1] Smets, M. M. H., et al., On the mechanism of solid-state phase transitions 
in molecular crystals – the role of cooperative motion in (quasi)racemic linear 
amino acids, IUCrJ, 2020, 7, 331-341. 
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 P-41   Pharmaceutical Salts of Piroxicam and Meloxicam with Organic 
Counterions 

Shan Huang 

University College Cork, Ireland 
 
Organic multi-component crystalline materials have attracted attention in a 
wide range of high-technology applications. In this study, the interest is in 
examining cocrystallization as a means to alter the properties of solid-state 
fluorescent materials. Piroxicam (PRM) and meloxicam (MEL) are two 
nonsteroidal anti-inflammatory drugs, belonging to the Biopharmaceutics 
Classification System (BCS) Class II drugs. In this study, six novel 
pharmaceutical salts of PRM and MEL with three basic organic counterions, 
i.e., 4-aminopyridine (4AP), 4-dimethylaminopyridine (4DMP) and piperazine 
(PPZ) were prepared by both slow evaporation and slurrying. These salts 
were fully characterized by single crystal and powder X-ray diffraction, 
thermal analysis, and Fourier transform infrared spectroscopy. From the 
solubility experiments, all six salts, especially MEL-4DMP and MEL-4AP, 
showed a significantly improved apparent solubility and dissolution rate in 
sodium phosphate solution compared with the pure APIs. Furthermore, the 
salts also exhibit similar solid-state luminescent properties. Hirshfeld surface 
analysis and HOMO-LUMO analysis supported the luminescent studies and 
the mechanism for the observed luminescence is discussed. 
 
 

 



ICCOSS XXV, Ohrid, Macedonia 

127 

 

 P-42   Decoupling Piezoelectric and Pyroelectric Effects in Co-doped 
Centrosymmetric Molecular Crystals by Crystals Engineering 

Shiri Dishon Ben Ami 

Weizmann Institute of Science, Israel  
 
Polar crystals display pyroelectricity upon temperature change with two 
primary and secondary contributions. Primary pyroelectricity, arises directly 
from the anharmonicity of chemical bonds, leading, upon heating or cooling, 
to changes of the relative positions of the atoms without changing the overall 
volume of the crystal. The secondary pyroelelctricity arises from the thermal 
expansion or contraction of the crystal, i.e. a piezoelectric contribution. Both 
contributions are always present along the same polar direction, and the 
secondary effect is often quite comparable to the primary one. Because the 
piezoelectric and pyroelectric effects provide the backbone for a wide range 
of technologies, from sensors and actuators to energy harvesters, controlling 
pyroelectricity and piezoelectricity independently of such crystals is not only 
a topic of scientific curiosity but is also technologically advantageous. This is 
because devices exploiting pyroelectricity are affected by unavoidable 
piezoelectricity, which is a source of mechanical noise interfering with the 
device operation. Therefore there is a quest to develop synthetic methods to 
design pyroelelctric materials decoupled from piezoelelctricity. Here we report 
the design of a synthetic method, for the preparation of co-doped crystals, 
where pyroelectricity is decoupled from piezoelectricity. The method based 
on the reduction of symmetry of centrosymmetric crystals, delineated by 
enantiotopic faces, by doping with “tailor made”, chiral dopants, which 
converts centrosymmetric crystals into polar pyroelectric crystals.[2,3] By the 
selection of appropriate combination of chiral dopants, we designed 
pyroelelctric materials with minimal or no piezoelelctricity. This approach will 
be illustrated with several examples.* 
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 P-43   Polymorph-induced Diversification of Crystal Actuation based 
on Photoisomerization and the Photothermal Effect 

Shodai Hasebe 

Waseda University, Japan 
 
Mechanically responsive mateirals, that display macroscopic motions by 
external stimuli such as light and heat, have attracted considerable attention; 
they are good candidate for future applications to actuators and soft robotics. 
The last decade has witnessed various mechanically responsive molecular 
crystals, which have been developled mainly based on photoisomerization of 
molecules. Recently, our group has reported that photothermal effects can 
actuate crystals at high speed. [1,2] For the practical application of 
mechanical crystals, diversification of actuation modes is required. Here we 
focueed on two polymorphic crystals of a salicylideneaniline derivative, α and 
β forms, and investigated their distinct photomechancial motions. α and β 
crystals were readily obtained by evaporation of methanol solutions at 50 ℃ 
and room temperature, respectively. Under UV light irradiation, the thin α 
crystal bent away strongly from the light source with a twist by 
photoisomerization. The thin β crystal, in contrast, did not because of the lack 
of photoisomerization. The thick β crystal, however, bent away quickly by the 
photothermal effect, ultimately achieving 500 Hz high-speed bending upon 
pulsed UV laser irradiation. Besides, the thick α crystal exhibited two-step 
bending by the combination of photoisomerization and the photothermal 
effect. We successfully created four motions from the same compound using 
two polymorphic crystals and two distinct mechanisms, photoisomerization 
and the photothermal effect. [3] 

[1] Y. Hagiwara, T. Taniguchi, T. Asahi, H. Koshima, J. Mater. Chem. C 2020, 
8, 4876–4884.  
[2] S. Hasebe, Y. Hagiwara, J. Komiya, M. Ryu, H. Fujisawa, J. Morikawa, T. 
Katayama, D. Yamanaka, A. Furube, H. Sato, T. Asahi, H. Koshima, J. Am. 
Chem. Soc. 2021, 143, 8866–8877.  
[3] S. Hasebe, Y. Hagiwara, K. Takechi, T. Katayama, A. Furube, T. Asahi, 
H. Koshima, Chem. Mater. 2022, 34, 1315–1324. 
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 P-44   Measurement of Boundary Layer Concentration Distribution, 
Thickness and Mass Flux during Growth and Dissolution of the {011} 
and {120} Faces of L-alanine Single Crystals 

Steven Nicholson 

University of Leeds, UK 
 
Growth and dissolution models are based on bulk solution properties and do 
not consider the values at the surface-solution interface of crystal faces, which 
grow and dissolve at different rates, and subsequently do not accurately 
describe molecular diffusion through the stagnant solution boundary layer. 
This can be improved through the combined use of molecular modelling and 
Mach-Zehnder/Michelson interferometry. A Mach-Zehnder/Michelson 
interferometer system was constructed to measure boundary layer 
concentration distribution, thickness, mass flux and kinetics during growth 
and dissolution of the {120} and {011} faces of an ˪-alanine single crystal in 
water. Crystal chemistry modelling was used to understand the processes at 
a molecular level. It was found that as bulk under/supersaturation decreased 
so did the surface under/supersaturation, the concentration difference 
between the surface and the bulk and the boundary layer thickness. For 
growth, the ratio of surface to bulk supersaturation stayed the same, 0.83 for 
{120} and 0.72 for {011}, but for dissolution it decreased with increasing bulk 
undersaturation, 0.72-0.52 for {120} and 0.60-0.39 for {011}. This shows 
surface kinetics plays a larger role in growth than dissolution and contributes 
the same amount to the growth rate at all supersaturations. Its importance 
decreases as undersaturation increases during dissolution. The {011} face 
tended to have a larger concentration difference between the surface and the 
bulk solution than the {120} face. This is due to its faster kinetics influenced 
by a stronger hydrogen bonding network in the direction of the face. Mass flux 
decreased with decreasing super/undersaturation, was consistent throughout 
the boundary layer and was faster for dissolution as well as for the {011} face. 
Combining these results with kinetic data obtained using Michelson 
interferometry in the future will allow for development of an improved model 
for growth and dissolution. 
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 P-45   Mechanochemical Synthesis and Polymorphism Control of 
Hydrogen-Bonded Organic Frameworks 

Tomislav Stolar 

Ruđer Bošković Institute, Croatia 
 
Hydrogen-bonded organic frameworks (HOFs) are polymeric supramolecular 
assemblies of organic molecules held together by hydrogen bonds. They are 
an emerging class of lightweight and metal-free functional materials that show 
promise in gas storage, separation, catalysis, and biomedical applications [1]. 
Importantly, HOF guest accommodation properties are dependent on their 
specific polymorphic forms [2]. Here, we present the case of 2,6-
diaminopurine (DAP), whose commercial bulk chemical is a mixture of two 
crystalline phases. Solid form screening resulted in five new DAP solid forms 
with a new DAP HOF polymorph. Two DAP HOF polymorphs were 
synthesized selectively by choosing the liquid additive in liquid-assisted 
grinding (LAG) and showed different reaction profiles as monitored by in situ 
Raman spectroscopy. Our results represent the first mechanochemical 
synthesis of HOFs, demonstrate the ability to control their polymorphism, and 
open more sustainable synthetic routes towards these functional materials. 

 

Acknowledgement: Krunoslav Užarević acknowledges financial support from 
PZS-2019-02-4129 and IP-2020-02-4702 projects 
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 P-46   Exploring Reaction Pathways of a Thermal Solid-State Reaction 

Tracy Lau 

University of the Witwatersrand, South Africa 

As awareness for green reactions increases, solid-state reactions are being 
investigated as a valid alternative to solvent heavy reactions. Solid-state 
reactions offer two main advantages. They occur in a solvent-free 
environment and allow high yields of stereo- or regio-specific products.[1] 
Organic charge-transfer adducts (CT) are a class of complexes that are made 
from combining electron-donating and electron-accepting molecules.[2] CT 
complexes can occur in solids, allowing for single-crystal-to-single-crystal 
(SCSC) reactions.[3]  

In our recent work, we have co-crystallized a CT using bis(N-cyclobutylimino)-
1,4-dithiin (A) and 9-bromoanthracene (D). The CT molecules crystallise in 

the P1 space group as heterosoric 1:1 stacks following a ···D-A-D-A-D-A··· 
pattern. This CT underwent an SCSC Diels-Alder reaction when heated at 
40 °C over 10 days, with a colour change from red to yellow.  

Due to the CT stacking, the acceptor (A) in a stack can react with a donor 
above or below it leading to two possible products. The product P was 
exclusively formed at the start of the reaction until ~26% conversion, with 
product Q being formed as the reaction continued, giving a mixed product 
final crystal (see accompanying figure). Another crystal was heated to 180 °C 
at a rate of 10 °C/s, showing an ordered single product and a change in space 
group to P21/n. In this work, we will compare the results for this solid-state 
reaction with other dithiin anthracene CT complexes displaying different 
reaction pathways. 
 
[1] Ramamurthy, V.; Venkatesan, K. Chem. Rev., 1987, 87, 433. 
[2] Goetz, K. P.; Vermeulen, D.; Payne, M. E.; Kloc, C.; McNeil, L. E.; 
Jurchescu, O. D. J. Mater. Chem. C, 2014, 2 (17), 3065. 
[3] Khorasani, S.; Botes, D. S.; Fernandes, M. A.; Levendis, D. C. 
CrystEngComm, 2015, 17 (46), 8933. 
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 P-47   Solid Solution Formation as a Route to Thermodynamically 
Stabilised “Metastable” Polymorphs with Enhanced Properties 

Weronika Kras 

The University of Manchester, UK 
 
The discovery of all polymorphs of a given compound is a major challenge in 
the pharmaceutical industry. The motivation behind polymorph screening 
encompasses aspects such as prevention of inconsistent product quality 
during manufacturing of solid-state forms, and thus economic losses, as well 
as possible access to enhanced physical and chemical properties. However, 
although it has been suggested that all compounds are polymorphic, the 
number of polymorphs discovered for a given compound is proportional to the 
time and money spent on screening them.[1] Whilst some polymorphs are 
very easy to crystallise, others can be very elusive[2] and some can even 
disappear with changing crystallisation conditions.[3] In this context, this work 
seeks to probe the role that impurities play in the crystallisation of various 
polymorphs of pharmaceutical compounds. In drug development, it is well-
known that metastable forms appear first until stable forms appear eventually 
as the product goes through several cycles of recrystallisation. This is mostly 
due to the purification of the compound as it goes through various 
crystallisation cycles. It is not well understood, however, how impurities 
impact the observation of various polymorphic forms of pharmaceuticals. 
Here we study the impact of impurities in the polymorphism of benzamide.[4] 
We explore the case of stabilisation of the metastable polymorph of 
benzamide via solid solution formation with small amounts of additives. This 
mechanism, only explored rarely in organic systems, not only facilitates the 
otherwise difficult crystallisation of the metastable form but also improves its 
properties. 
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 P-48   Crystal Engineering of Binary Organic Eutectics: Significant 
Improvement in the Physicochemical Properties of Polycyclic Aromatic 
Hydrocarbons via the Computational and Mechanochemical Discovery 
of Composite Materials 

Zeinab Saeed 

Khalifa University, UAE 
 
Polycyclic aromatic hydrocarbons (PAHs) are a class of persistent organic 
pollutants that are ubiquitous and harmful to human health. They have low 
solubilities in polar solvents which limits their bioremediation potential. To 
modify PAH physicochemical properties, mechanosynthesis was employed 
to efficiently prepare eutectic composites of PAHs in quantitative yield. This 
was done using an “anti-crystal engineering” design principle where synthon 
incompatibility and molecular shape mismatch was found to be an important 
driver in eutectic formation. Three eutectic composites of PAH/conformer 
were synthesized. Computational structure prediction calculations show that 
none of the PAH-coformer combinations led to stable cocrystals relative to 
the stabilities of the component across the composite series. This provided 
the rationale for why cocrystals were not observed during the 
mechanosynthesis experiments. Nevertheless, eutectic formation remains a 
challenging phenomenon to predict a priori. Phase diagrams and Tamman 
plots were constructed to better understand the thermal stability of each 
eutectic as a function of the composition. We find that eutectic solid 
formulations are desirable vehicles for physicochemical property optimization 
for molecules containing no heteroatoms. This is indicated by the observation 
of significant melting point depressions for the PAH upon eutectic formation 
that are in the range 19–51 °C relative to the PAH. Moreover, equilibrium 
solubility measurements reveal that the eutectics lead to a ~2–5-fold 
enhancement in the PAH solubility [1]. 
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P-49   Computational Examination of Solid-State Intermolecular 
Interactions in 1,1,1,2–Tetrafluoroethane (HFA-134a) and Comparison 
with Liquid Structure 

Vivian W. Barron 

University of Leeds, UK 
 
The important intermolecular interactions present within liquid propellant 
1,1,1,2 – Tetrafluoroethane (HFA-134a) were characterised as a function of 
temperature and correlated with interactions present in the solid-state. 
Empirical force fields calculated the strength of interactions in the crystal 
structure. Molecular dynamics (MD) simulations were also used to model pure 
liquid HFA-134a over a range of temperatures at constant pressure. 
Molecular trajectories and frequency of intermolecular interactions were 
analysed and compared with the solid-state.  

The strongest intermolecular pair wise interactions involve strong interatomic 
interactions between fluorine to carbon and between fluorine to hydrogen in 
HFA-134a’s low-temperature, ordered, monoclinic, solid phase. 
Intermolecular packing resembles a distorted version of the higher 
temperature, disordered, body centred cubic (BCC) pseudo-octahedral 
structural arrangement. Molecular radial distribution function (RDF) plots of 
the liquid phase revealed the packing began to resemble the BCC phase 
when temperature was reduced.  

Linear interactions between three matching carbon atoms are preferred to 
alternating carbons and increase in frequency as temperature is reduced. 
Non-bonded dihedral angle distributions between the C-C axes of two 
neighbouring molecules show an angle of 180° is more probable. As the 
temperature of HFA-134a’s liquid phase is reduced, molecules begin to 
arrange in a structure that resembles the BCC phase’s proposed shape, with 
carbon atoms occupying the associated Bravais lattice points. 
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