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Place of birth: Tarragona, Spain. 

Languages: Catalan (mother tongue), Spanish, Italian, fluent spoken and English, fluent both spoken and 
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2005: PhD in Solid-State Chemistry from Cardiff University, Wales, (UK), (Prof. Kenneth D. M. Harris). 

2006: Postdoc Department of Chemistry, Georgetown University, USA, (Prof. Jennifer A. Swift). 

2007: Postdoc at Cardiff University Wales, UK in 2007-2008 (Prof. Kenneth D. M. Harris). 

2008-2010: Japan Society for the Promotion of Science (JSPS) for Foreign Researchers  fellowship at the 

Graduate School of Engineering of the University of Tokyo, Japan, (Prof. Makoto Fujita). 

2010-2012: Senior Postdoc at Center for Nano Science and Technology at the Italian Institute of 

Technology in Milano, Italy. 

2012-2017: Principal Investigator at the Center for Nano Science and Technology at the Italian Institute of 

Technology in Milano, Italy.  

2017-2018: Adjunct lecturer, Faculty of Science, Universitat Autonoma de Barcelona, Spain.  

2018-: Associate Professor at the Dipartimento di Chimica Materiali e Ingegneria Chimica “Giulio Natta”, 

Politecnico di Milano, Italy. 

 

2. Research Background 

Summary of Research Background: My research interests are in the area of solid state chemistry of hybrid 

metal organic compounds and pure organic materials both at the fundamental and applied level. The goal of my 

research is to develop new structure-based functional materials.  I am currently studying supramolecular 

structures that are self-assembled via coordination bonds and electrostatic forces through second sphere 

coordination interactions. Using coordination bonds, a new type of one-dimensional (1D) coordination polymers 

as host-guest systems has been synthesized and characterized using single crystal X-ray diffraction and ab initio 

X-ray powder diffraction techniques as the main tool.  Using second-sphere interactions via hydrogen bonds, we 

have successfully synthesized a new hybrid metal organic material that displays racemic polymorphism and 

strong non-linear optical (NLO) properties.  More recently, research towards the synthesis of perovskites focusing 

on lead-free perovskites (collaboration with Dr. Annamaria Petrozza’s group the Istituto Italiano di Tecnologia) 

by means of second sphere interactions is attracting major attention in our group. 

My strong expertise is in X-ray crystallography. I carry out structure elucidation of small molecules (organic and 

hybrid metal organic materials) using in-house X-ray diffractometers both single crystal and powder X-ray 

techniques. I am very interested in the use of synchrotron beam lines such as Spring-8 (Osaka) and Photon 

Factory (Tsukuba) both in Japan, PAL-POSTECH, (Pohang) South Korea and ALBA-CELLS (Barcelona), Spain, 

to study microcrystalline diffraction and poorly diffracting materials (i.e., single crystal and powder materials).  In 



a collaborative work, I am applying the latest advances in Quantum Mechanics (Prof. Famulari, Politecnico di 

Milano) specific for solid-state systems to understand the reactivity and stability of all our newly synthesized 

materials.  I am also interested in applying synthetic chemistry to develop new organic molecules that can be 

used as building blocks in the hybrid metal organic materials I am developing. 

 



3. Research Accomplishments 

1. Current Research and Further Goals. 

Current Research. 

Design and synthesis of new hybrid metal organic materials and structural aspects of organic co-

crystals: The actual research that I am carrying out is focused in the rational design and synthesis of new 

functional organic and hybrid metal organic materials.  The strategy is to use coordination bonds and 

electrostatic interactions (hydrogen bonds) to self-assembly metals with organic molecules to form hybrid 

metal organic materials containing open spaces or channels that can include guest molecules with the goal of 

giving new functional properties.  Also, co-crystallization of organic materials including pharmaceutical materials 

are being investigated. Those studies are aimed at monitoring their structural stability, phase transformations 

and polymorphic behavior of the organic (pharmaceutical) compounds. 

Coordination Polymers: New rod-like pyridine based organic ligands are being synthesized to construct new 

coordination polymers (CPs) (also known as Metal Organic Frameworks (MOFs)) by exploiting the labile nature 

of the coordination bonds.  Through different crystallization methods such as slow diffusion, instant synthesis 

and solid liquid interface reaction, a variety of different crystalline materials with different properties are being 

obtained.  Acting as filters, we are developing CPs that can adsorb small chlorinated volatile organic molecules 

(Cl-VOCs) such as chloroform, dichlormethane and dichloroethane, but also saturated and unsaturated alkanes, 

which can be stored for several weeks without being released to the atmosphere.  Moreover the adsorption of 

Cl-VOCs seems selective (Chem. Comm., 2015; Dalton 2016).  Exploiting the solid liquid interface method 

(Chem. Comm, 2010) we are able to synthesize the CP in good yields (96%), fast (5 mins) and using very small 

amount of solvent.  It is our idea that these materials and crystallization methods can be exploited for many other 

new CPs (Dalton 2016).  Also we discovered second harmonic generation (SHG) phenomena in a different CP 

which is obtained in the solid-state after a desolvation process (Dalton, 2015). This is important for potential 

applications in areas of photonics such as electro optics and frequency conversion. A combination of single 

crystal X-ray diffraction and ab initio X-ray powder diffraction techniques, including synchrotron data (ALBA-

CELLS), have been used to elucidate the crystalline structures (Dalton 2015). 

Hybrid Metal-Organic Second Sphere Adducts: In order to create new functional materials is necessary to 

exploit the properties that metal ions and organic cations together can give as a self-assembled entity. In this 

project, second sphere coordination (SSC) interactions are being used to create new functional hybrid metal 

organic materials (Cryst. Growth Des. 2014). Second-sphere coordination refers to any intermolecular interaction 

with the ligands directly bound to the primary coordination sphere of a metal ion. SSC hybrid materials are 

different from the above CPs as the interactions holding together the building blocks are electrostatic instead of 

coordination bonds.  By means of crystal engineering principles we are tackling the synthesis of new lead-free, 

copper-based hybrid perovskite following a second-sphere coordination approach to obtain lead-free, copper-

based hybrid perovskite following a second-sphere coordination approach with potential applications in solid-

state lighting (ChemPlusChem, in Press, 2017; Highlighted in Front Cover and Cover Profile). 

As defined by Gibb’s Phase Rule, polymorphism refers to the situation in which two or more crystalline phases 

have the same chemical composition but different chemical structures. Usually polymorphism is confined to 

pharmaceutical organic materials but has not exploited in hybrid second sphere adducts. Using racemic crystals, 

we are exploiting the potential to observe polymorphism in second sphere adducts. Particularly, the aim of this 

research line is to attempt the rational design of non-centrosymmetric materials (Dalton 2015) which are at 

the core of the development of NLO materials for applications in electro-optics, frequency conversion, 

piezoelectricity and ferroelectricity. Recently, we have found a system which is polymorphic and one of the 

polymorphs is non-centrosymmetric and polar, and as a result shows significant SHG (CrystEngComm, 2016). 



Exploiting SSC the ionic conductivity within 1D channels was reported and from a fundamental aspect, we are 

also interested in developing solid-state mechanochemical reactions to study the conversion of second sphere 

adducts to coordination complexes following dehydrochlorination reactions (CrystEngComm 2014; Hot Paper 

and Cover; Inorg. Chem. 2014).   

In addition an active collaboration with Prof. A. Famulari at Politecnico di Milano, Quantum-mechanical 

calculations specific-for solid-state have been used to rationalize the observed X-ray structures and the reactivity 

of those materials upon external stimuli like mechanical forces, temperature, etc. 

Synthesis, Structural Analysis and Thermal Stability in Organic and Pharmaceutical Co-crystals: Another 

research topic that I am interested is to study structural aspects of molecular salts and co-crystals and the 

interconversion depending on the stoichiometry. Using single crystal and powder X-ray diffraction, we described 

the reversible solid state ionic interconversion between A1B1 and A1B2•H2O (where A = acid and B = base) and 

vice versa upon neat grinding by adding one equivalent of (B/A•2H2O) respectively.  This allows for the synthesis 

of co-crystals that in solution cannot be obtained but using the already formed co-crystal the synthesis can be 

done (CrystEngCom 2013, Cryst. Growth Des. 2014). In order to rationalize the experimental results and to gain 

insights on the role of water molecules in the formation of crystalline salts, the relative stabilities of the crystalline 

phases were compared by quantum mechanics calculations specific for solid state systems. This approach is 

being currently used to study pharmaceutic compounds. 

Further Goals 

Structural characterization of hybrid metal organic materials using single crystal diffraction and powder 

X-ray analysis to assess their potential function as nanoreactors. 

The interest of our research is in the synthesis and preparation of hybrid metal organic materials (MOMs) to 

explore their functional properties in areas such as chemical separation, gas adsorption, ionic conductivity, NLO 

properties such as ferro- and piezoelectricity and solid-state luminescence. Currently we are exploiting a new 

crystallization method in CPs synthesis: the solid liquid interface method. This method is able to produce the 

desired material in short times, quantitative yields and in large quantities but as microcrystals. The crystalline 

structures are isostructural containing 1D channels with opening sizes about 7.5 Å × 8.9 Å (Chem. Comm., 2015).  

The size and chemical enviroment of the channels can be tunned by changing the halogens in the Zn salt used 

(Dalton 2016). By replacing the metal ions (Zn2+ for Mn2+, Cu2+, Fe2+) we have obtained a variety of new CPs as 

microcrystalline powders which require the crystallographic analysis by ab initio X-ray powder diffraction (XRPD) 

using synchrotron radiation. From preliminary results, we have detected that one of our 1D CPs can trap linear 

hydrocarbons including alkanes, alkenes and alkines via single-crystal-to-single-crystal in a gas adsorption 

reaction.  Although we have an initial single crystal structural analysis where we can see that the inclusion of the 

hydrocarbons occurs, a more elaborated structural characterization method using a combination of single crystal 

XRD (SCXRD) and ab initio XPRD analysis will be essential. The precise structural information, will be crucial to 

understand the exact position of the double and triple bonds in the guest molecules included in the 1D channels, 

and upon UV irradiation, depending on their relative positions within the 1D channels, might react to give 

unexpected new materials (i.e., by means of intermolecular [2+2] photocyclization reactions).  Besides selectivity 

of branchend and linear alkanes which is of crucial importance in many industrial processes such as oil refining, 

our goal is also to use the 1D nanochannels as suitable reaction vessels to study solid-state polymerizaiton 

reactions within the CPs. First the studies will be on single crystals and later it will be expanded into microcrystals 

obtained via solid liquid interface to obtain large scale products. To begin with, monomers such as isoprene, 

pentadiene, acrylonitrile will be included in the channels via single-crystal-to-single-crystal following a gas-solid 

reaction. Upon monomer inclusion, gamma-ray-induced polymerization of the CPs including the monomers will 

be carried out to form regular polymers. It is know that some of the polymers such as polyacrylonitrile (PAN) is a 

semicrystalline resin, however the crystalline nature of the CPs can allow its single crystal X-ray elucidation if the 



reaction does not degrade its single crystallinity.   Structure elucidation both by SCXRD and ab initio XRPD 

analysis will be crucial for the deep understanding of the as synthesized materials, and of the products obtained 

via solid-state reactivity.   

Development of hybrid lead-free halide perovskites for photovoltaics and solid-state lighting: Over the 

last four years, lead halide perovskites have been attracting major interest for applications in photovoltaic energy 

conversion, photodetection and light emission.  In particular, light emitting devices (LEDs), field effect light-

emitting transistors (LE-FETs) and tunable lasers were reported recently.  However, most of these technologies 

rely heavily on Pb-based perovskites, such as methylammonium lead iodide (MaPbI3) and cesium lead bromide 

(CsPbBr3), and because of the toxicity and strict regulations of lead-based products, their commercialization 

could be strongly hampered.  Therefore, for this reason, the development of alternative lead-free perovskites is 

needed.  The future research I envisage is in the development of new lead-free perovskites by applying the 

rational design upon crystal engineering principles by means of electrostatic interactions.  Although, crystal 

structure prediction is far from reaching desired levels of accuracy, it is still possible to plan, based on crystal 

engineering principles, the rational design of solid materials by combining building blocks via second-sphere 

coordination involving reversible hydrogen bonding interactions.  The aim is to synthesize new perovskites that 

can be prepared as thin films and that incorporated in devices for applications in solid-state lighting and 

photovoltaic energy conversion. 

Solid liquid interface method for the crystallization of coordination polymers: Another research topic that 

I would like to work is on the synthesis of new coordination polymers using solid liquid interface method.  This 

method is still unexplored but offers the possibility to synthesize in large scale, short crystallization times and 

quantitative yields microcrystalline materials.  These three aspects are crucial for the potential commercialization 

of a given coordination polymer and hence its successful industrial application.  Clearly, although we have 

reported to cases of such non-conventional crystallization method (Chem. Comm., 2010; Dalton 2016), there is 

plenty of space to develop further and understand the conditions during the solid-liquid interface reaction allowing 

us to obtain the targeted material.  Since crystallization is sometimes very difficult to control, the solid liquid 

interface method is definitely a new aspect in the crystallization are that needs to be explored.  Due to the rapid 

crystallization conditions usually the new materials are kinetic products. In other words, the microcrystalline 

powders are metastable an can be transformed via external stimuli to more stable (thermodynamic) structures 

giving us the opportunity to explore functional materials that can be activated by external stimuli (i.e., heat, light, 

pressure, etc). 

Synthesis of discrete structures using halogen bonding for ion sensing: Halogen bonding (XB) is an 

emerging tool in the toolbox of any chemist and material scientist. About ten years ago XB was considered to be 

quite similar to hydrogen bonds, however during the last five years it has been demonstrated that it has distinctive 

features that make XB different from HB.  The halogen bond is the noncovalent interaction in which halogen 

atoms behave as electrophilic species (electron density acceptors, Lewis acids).  XB shows strong directionality. 

While there have been many reports of halogen bonded adducts (i.e., co-crystals), there are not many examples 

of discrete structures such as bowls or cages self-assembled via XB displaying functional applications.  By means 

of ligand design, our aim is to investigate the formation of discrete structures self-assembled using XB 

interactions, to create new materials featuring advanced physicochemical properties such as ion sensing (i.e., 

particularly F− anion) in a research area that still remains quite unexplored.   

Polymorphic behavior in molecular solids pharmaceutical materials studied by combining ab intio XRPD 

and solid state NMR spectroscopy: In organic molecular solids, particularly in the pharmaceutical industry, is 

of crucial importance to understand the polymorphic behavior of a given drug.  Particularly in the solid-state 

regarding its stability over time (i.e., spontaneous transformation induced by dehydration or kinetic to 

thermodynamic transformation) at conditions in which the drugs are stored such as room temperature.  The 



evolution of a given drug might imply that the crystalline material is obtained as microcrystals and the structure 

elucidation has to be carried out using ab initio XRPD analysis. 

In this project the aim is to combine solid-state NMR and computational simulation using DFT calculations 

(collaboration with Prof. Kenneth D.M. Harris, Cardiff University) with ab initio XRPD to elucidate the crystalline 

structure of microcrystalline materials (powders) that are not possible to be studied using single crystal X-ray 

diffraction.  This approach is very powerful and provides a robust vindication of the correctness of the crystal 

structure by assessing the quality of agreement of the structure both with experimental powder X-ray diffraction 

data and with experimental solid-state 13C NMR data. 

2. Summary of Graduate and Postdoctoral Work. 

Understanding the Molecular Transport and Reactivity in Organic Structures: During my PhD, I studied the 

in situ molecular transport of linear alkanes through one-dimensional tunnels in solid urea inclusion compounds 

using Confocal Raman Microspectrometry.  Particularly, I studied fundamental aspects of this transport process 

(i.e., exchange of 1,8-dibromooctane for pentadecane guest molecules), focusing on the distribution of the guest 

molecules in the crystal and the changes in their spatial distribution as a function of time (JACS 2004, J. Phys. 

Chem, B, 2006). The data provided significant information about the conformational changes of guest molecules 

during the transport process, and allowed the design of a model to determine the rate of guest exchange (kinetics) 

(J. Phys. Chem B, 2007; J. Phys. Chem C, 2009). 

I also carried out research on the solid state reactivity of organic molecules. Complete ab initio structure 

determination from powder X-ray diffraction of a polymeric material obtained directly from a solid state 

polymerization reaction, of 2,5-distyrylpyrazine (DSP) was carried out (J. Phys. Chem. C 2008).  In this reaction, 

polymerization occurs by means of intermolecular [2 + 2] photocyclization reactions at each end of the monomer 

molecule. High-resolution solid-state 13C NMR was used to confirm this reaction. 

Kinetic Control and Structural Transformations in Coordination Networks: The kinetic control, 

thermodynamic stability and solid-state reactivity of isostructural 3D coordination networks were studied using 

ab initio powder X-ray diffraction. The coordination networks studied are kinetically-controlled interpenetrated 

open-frameworks that contain nitrobenzene guest molecules.  We demonstrate that fast precipitation (i.e., instant 

synthesis) can selectively produce metastable networks that are not possible to synthesize by conventional 

solution chemistry (JACS 2009, JACS 2011).  We provided mechanistic insights into thermally induced (573 ˗ 

723 K) (i.e., annealing method) structural transformations in porous coordination networks, as well as examples 

of guest exchange/inclusion reactions.  The work had been highlighted in the Research Frontiers magazine 

published by Spring-8 synchrotron facility.  Moreover, using the kinetic effect in coordination networks, the 

selective inclusion of tetratiafulvalene (TTF) molecules showing very short S···S contacts was also demonstrated 

in an open framework containing two types of channels using synchrotron ab intio XRPD analysis (Angew. Chem. 

Int. Ed. 2011). The above research was published in Accounts of Chemical Research (Acc. Chem. Res. 2013).   

Synthesis of Organic Open Frameworks via Supramolecular Chemistry: 1,6-

Bis(trimethylammonium)hexane bis(trihalides) and mixed bis(trihalides) have been synthesized by treating the 

corresponding dihydrated halides with molecular dihalogens under gas–solid and solution conditions 

(CrystEngComm, 2011).  Despite the starting halides being non-porous, the trihalide syntheses occur 

homogeneously, in quantitative yields, and reversibly.  The stability of the obtained trihalides is mainly due to 

cooperative halogen bond and cation templating effect.  Upon heating we also demonstrated the dynamic 

behavior and the solid state reactivity of 1,6-Bis(trimethylammonium)hexane bis(trihalides) and mixed 

bis(trihalides) were by releasing one molecule of I2 the virtually unknown tetrahalide species [I4]2˗, [I2Br2]2˗, and 

[I2Cl2]2˗ were formed (Angewandte Chem. Int. Ed. 2013; VIP Paper and Cover). 



Applying crystal engineering principles, I carried out the self-assembly of an open framework by combining in an 

orthogonal way hydrogen and halogen bonds. Using a ligand with two pairs of sites for potentially orthogonal 

binding processes, simultaneous hydrogen bonding and halogen bonding was demonstrated to occur in a 

chemically and geometrically orthogonal manner. Indeed, the pure ligand in the crystal self-assembles by pairing 

the two couples of complementary binding sites, which are saturated via multiple halogen bonds. The two-

dimensional network was able to sustain gas-solid guest exchange single-crystal-to-single-crystal reactions by 

exchanging dioxane for 1,3 dibromobenzene (Chem. Comm. 2012). 
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