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2008
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During PhD
Prof. Anna Bernardi
Prof. Kim Baldridge

Non Covalent Interactions
Sugars – Aromatics
Synthesis - NMR -
Computational  

During Post-Doc
Prof. Giuseppe Resnati
Prof. Pierangelo Metrangolo

Non Covalent Interactions
Crystal Engineering
Supramolecular Chemistry
Fluorinated Materials
Structural Characterization
The Halogen Bond

RESEARCH - TIMELINE
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CRYSTAL ENGINEERING and SUPRAMOLECULAR MATERIALS TH(AT) WORK !
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a Data obtained at 297 K, Z is the number of molecules per asymmetric 
unit; b Reference 14a; c Reference 14b. 

Self-assembly experiments were carried out by mixing in ace-
tone solutions two equivalents of 1a-1e per equivalent of 
DABCO, taking into account the mono- and bidentate nature of 
1a-1e and DABCO, respectively, as far as the XB-donor/acceptor 
sites are concerned. Upon slow solvent evaporation, crystalline 
solids were obtained in all cases with melting points different 
from the starting compounds and ranging from 311 K to 378 K 
(Table 1).  Peak integration of the 1H NMR spectra confirmed that 
all of the complexes but 2c, showed the expected 2:1 ratios of the 
starting compounds. The complex 2c, instead, showed a 1:1 ratio 
between 1c and DABCO.  

Good-quality single crystals of the obtained cocrystals 2a-e 
were submitted to X-ray diffraction (XRD) analysis, which was in 
all cases carried out at 103 K. Structural analysis confirmed the 
starting design of the desired halogen-bonded motif with both the 
N atoms of DABCO working as XB-acceptors towards the I at-
oms of two different FnPheI modules, resulting in trimeric com-
plexes. Differently, the structure of the complex 2c consisted of 
1D infinite chains whereas 1c and DABCO alternated as a conse-
quence of the bidentate nature of 1c, which also behaved as HB-
donor through the H atom in the p position to the I atom in the 
benzene ring (Figure 2b). This explains the 1:1 ratio observed for 
this complex through 1H NMR analysis, which was obtained from 
both starting from either 1:1 or 2:1 mixing ratios. 

Table 2. XB geometrical features in 2a-e at 103 K. 

a Independent halogen bonds;  

The XBs observed in the complexes 2a-e are characterized by 
short I···N distances (2.79 Å on average) and almost linear C-I···N 
angles (176.7 ° on average), as shown in Table 2.  The XB be-
comes shorter, namely stronger, with the increase of the fluorina-
tion degree of the stator, and hence the magnitude of the iodine�-
hole.16 Similarly, m-fluorination may explain why 1c behaves as 
HB-donor, while 1b doesn’t. No other driving noncovalent inter-
actions characterize the crystal packing of these complexes.15  
Importantly, NMR, IR, thermal, and Powder XRD analyses con-

firmed the quantitative bulk obtainment of the above-described 
cocrystals. 

 

 

 

Figure 2. (a) Halogen-bonded trimer in the crystal structure of 2e and (b) 
1D infinite chain in 2c due to the simultaneous XB and HB donor behav-
iour of 1c when mixed with DABCO. HB geometrical parameters are as 
follows: C···N distance 3.348(3) Å and C-H···N angle 174.0(1)°. Color 
code: C, gray; H, white; N, sky blue; F, light green; I, magenta. XB and 
HB are represented as black and orange dashed lines, respectively. 

In order to explore structural changes and the dynamics of 
DABCO in the complexes 2a-e when varying the temperature, we 
performed variable-temperature (VT) single-crystal XRD, VT 1H-
T1 NMR, and VT wide-line quadrupolar echo 2H NMR analyses.  
It is known that changes in the size and orientation of the aniso-
tropic thermal parameters, may be related to the potential energy 
that determines dynamic processes in crystals.16 On heating up 
single crystals of the complexes 2a and 2e from ca. 100 K to 
room temperature, reversible phase transitions without substantial 
modifications of the crystal packing were recorded.  These oc-
curred at ca. 280 K and 230 K, respectively, as shown in detail in 
the Supporting Information (SI) section.  For 2e, XRD data were 
collected in the range 103-298 K, following five intermediate 
steps (140, 180, 200, 220, and 250 K). On increasing the tempera-
ture of the XRD acquisition experiment, increasing rotational 
disordered of the DABCO -CH2CH2-.alkyl bridges was observed, 
which has to be expected from a thermally activated rotational 
process (Figure 3). Conversely, the pentafluoroiodobenzene mod-
ule only showed disorder in the plane of the aromatic ring (see 
SI).  Similar motion and disorder were also observed for the co-
crystals 2a-d. 

 
Figure 3. Views along the N-N axis of the DABCO component in cocrys-
tal 2e, which show increasing disorder of the alkyl bridges, in terms of 
larger thermal ellipsoids and splitting over two positions as a function of 
temperature from 103 K to 298 K. 

Spin lattice relaxation measurements have been used to docu-
ment dynamic processes in the vicinity of the Larmor frequency18 
(300 MHz for 1H T1 measurements in this case).  This method is 

Com-
pound/cocrystal 

(m.p. / K) 

Space 
group 
(Z)a 

Ea (kcal/mol)  
τ0

-1  (s-1) 

 
C (s-2) 

DABCO (429) P63/mb 

(2) 
8.2c 1.3x1014 c n.a. 

2a (318-321) C2/c (4) 4.8 9.9x1012 5.2x108 

2b (334-336) P21/n (4) 2.7 2.0x1012 7.4x108 

2c (344-345) P21/c (4) 2.4 1.1x1012 6.5x108 

2d (311-314 ) P21/c (2) 2.8 2.3x1012 5.0x108 

2e (377-378 ) P21/c (2) 3.6 2.3x1012 7.5x108 

Complex N···I (Å) N···I-C angle (°) 

2a 2.971 (4), 2.955 (4)a 176.32 (2), 175.51 (2)a 

2b 2.857 (2), 2.732 (2) a 173.86 (8), 179.12 (8) a 

2c 2.832 (1) 175.19 (4) 

2d 2.815 (6) 175.8 (2) 

2e 2.713 (1), 2.682 (1), 
2.681 (1), 2.701 (1)a 

177.04 (5), 178.64 (5),   
177.96 (5), 177.19 (5)a 

Complex Architectures and Topologies Pharmaceutical Co-crystals Supramolecular Liquid Crystals

Supramolecular Rotors Adaptive Materials
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CRYSTAL ENGINEERING and SUPRAMOLECULAR MATERIALS TH(AT) WORK !
Fundamentals in Non Covalent Interactions Tunable Bio-materials Materials for Personalized Medicine
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STRUCTURE – FUNCTION RELATIONSHIPS

STRUCTURE – PROPERTY RELATIONSHIPS

STRUCTURE – ACTIVITY RELATIONSHIPS

Single Crystal X-ray Diffraction

X-RAY STRUCTURAL CHARACTERIZATION 

Powder X-ray Diffraction

Grazing Incidence X-ray Diffraction
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• 115 publications with 1378 citations
• 2 granted patents and 6 international patent 

applications
• More than 13.000 overall citations received in the last 5 

years

• Overall budget from competitive projects: 3 Milion 
Euros

Web of Science Core Collection (2021 – 2017)
THANK YOU

THANK YOU
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OUTLOOK

• Over the past few decades, scientists have
discovered ways to produce materials with 
incredible attributes - smart materials that are self-
healing or self-cleaning; memory metals that can 
revert to their original shapes; and crystals that
turn pressure into energy; and nanomaterials. 

• Nanomaterials in particular stand out in terms of 
their high rate of improvement, broad potential
applicability, and long-term potential to drive 
massive economic impact.

• Advanced nanomaterials such as graphene and 
carbon nanotubes are driving significant impact. 
For example, graphene and carbon nanotubes could
help create new types of displays and super-
efficient batteries and solar cells. Finally, 
pharmaceutical companies are already progressing
in research to use nanoparticles for targeted drug
treatments for diseases such as cancer.
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Exhibit E6 
How disruptive technologies could affect society, businesses, 
and economies 

 
 
Primary  Secondary  Other potential impact 

Implications for 
individuals  and societies 

Implications for established  businesses 
and other organizations 

Implications for economies 
and governments 

 Changes 
quality of        Changes 
life, health,     patterns of     Changes 
and envi-        consump-       nature of 
ronment          tion                 work 

Creates 
opportu- 
nities for 
entre- 
preneurs 

Creates  Shifts  Shifts 
new  surplus  surplus from  Changes 
products  between  producers  organi- 
and  producers  to  zational 
services  or industries   consumers     structures 

 
Drives  Changes  Poses new 
economic  comparative  regulatory 
growth or  advantage      Affects  and legal 
productivity     for nations      employment   challenges 

Next- 
generation 
genomics 

            

 
Energy 
storage 

            

 
3D printing 

            

 
Advanced 
materials 

            

Advanced oil 
and gas 
exploration 
and recovery 

            

 
Renewable 
energy 

            

 
SOURCE:  McKinsey Global Institute analysis 

How disruptive technologies could affect society, 
businesses and economies



ARCHITECTING A BETTER 
FUTURE
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Materials with permanent or adaptive porosity and structure modularity will
become relevant to several contemporary challenges related to the environment
and energy sustainability.

• Improved heterogeneous catalytic processes

• Improved separation methods

• CO2 capture and pollutant capture

• Methane or hydrogen storage for vehicular transport

• Electrically conductive porous materials

• Photocatalysis, solar energy and environmental sensing

• Drug delivery systems

Molecular modules from renewable resources or waste valorization

Low-Medium TRL

ORGANIC AND METAL-ORGANIC MATERIALS
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Engineering Active Pharmaceutical Ingredients and Agrochemicals 

Engineering Renewable Materials

Exploiting the fundamental principles of crystal engineering and supramolecular
chemistry we target new multi-component pharmaceutical materials (e.g.
API+coformer) or new multi-component agrochemical materials with improved
physicochemical properties and bioavalaibility.

Significant opportunities for intellectual property and improved medicines

A New road to better drugs

Using the renewable resources provided by Nature we aim to
develop functional materials able to perform specific functions
such as convert mechanical to electrical energy or harvesting solar
energy.

Next-generation energy systems for wearable electronics,
biodevices and robots

High TRL

High TRL
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Investigating the Fundamentals of Non-Covalent Interactions

X-RAY Structural Characterization

Non-covalent interactions play a major role in many and different fields of physics,
chemistry, engineering and biology and their impact span from the physical properties
of matter to the biological functions of living organism. In general, interactions affect
or control recognition, self-organization, and self-assembly phenomena of organic and
inorganic systems and are thus an important topic in supramolecular chemistry and
nanotechnologies.

Properties of a material are intrinsically dependent on the internal
arrangement of molecules in the solid state. Therefore, knowledge
of three-dimensional structure of the matter is a prerequisite for
structure–property correlations and design of functional materials.
The structural information obtained from crystallographic analysis
paved the way for rapid development in electronic devices and
materials science (e.g. perovskite solar cells.
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PROGRAMMA DEGLI INTERVENTI PER LA RIPRESA ECONOMICA: 
Sviluppo di nuovi accordi di collaborazione con le università per la ricerca, 
l’innovazione e il trasferimento tecnologico

Advanced and sustainable materials and manufacturing 
for the life sciences and energy transition NEXT-GENERATION ADVANCED MATERIALS

(NEXT-GAME)

SINGLE CRYSTAL X-RAY SYSTEM

SAXS/WAXS/GISAXS 
MULTIFUNCTIONAL SYSTEM

LAUE SYSTEM

X-RAY ABSORPTION SPECTROSCOPY (EXAFS)
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LEARNING BY DOING

• Modularity and Flexibility towards new 
emerginng topics

• Increasing laboratory courses both for MS and 
PhD program

• Meetings and Workshops of new emerging
topics



GRAZIE

giancarlo.terraneo@polimi.it


