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Computational studies of organometallic homogeneous catalysis play an increasingly important role in 
furthering (and changing) our understanding of catalytic cycles and can help to guide the discovery and 
evaluation of new catalysts (Dalton Trans., 2014, 43, 13545; Angew. Chem. Int. Ed. 2012, 51, 118). While a 
truly “rational design” process remains out of reach, detailed mechanistic information from both 
experiment and computation can be combined successfully with suitable parameters characterising 
catalysts and substrates to predict outcomes and guide screening (Chem. Asian J., 2014, 9, 1714-1723). 
Rather than pursuing a purely computational solution of in silico catalyst design and evaluation, an iterative 
process of mechanistic study, data analysis, prediction and experimentation can accommodate complicated 
mechanistic manifolds and lead to useful predictions for the discovery and design of suitable catalysts. 
 
The computational inputs to this process rely on large databases of parameters characterising ligand and 
complex properties in a range of different environments (Organometallics, 2014, 33, 1751-1791; 
Organometallics, 2010, 29, 6245; ibid.2012, 31, 5302; Dalton Trans., 2013, 42, 172). More recently, we have 
started to develop a database designed to capture the properties of redox-switchable catalysts of interest 
to the Diaconescu group (UCLA), where the metallocene backbone is the primary redox switch, but the 
catalytically active metal centre may also be able to access different oxidation states. Such maps of ligand 
space are combined with detailed computational mechanistic studies (Dalton Trans., 2014, 43, 13545; 
Dalton Trans., 2010, 39, 10833), using the best available computational approaches for synthetically-
relevant complexes, on carefully selected subsets of ligands, as well as large-scale data analysis. 
 
This presentation will use examples drawn from recent work on a range of transition metal-catalysed 
reactions to illustrate this process and identify key challenges and bottlenecks to computational 
predictions. 
 
Website: https://feygroupchem.wordpress.com/ 
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The pattern recognition receptor (PRR) Toll-Like Receptor 4 (TLR4), together with the MD-2 protein, 
forms a heterodimer responsible of the specific recognition of lipopolysaccharides (LPS) from the outer 
membrane of Gram-negative bacteria. However, the mechanism at the atomic level for such 
activation/inactivation process remains unknown, pointing to fascinating questions related to: i) the ligand-
receptor interactions pattern governing the binding of some glycolipids; ii) the dynamics of the MD-2 binding 
pocket and its ability to accommodate lipid A (1); iii) the glycolipid-mimetic mechanism of non LPS-like 
molecules (2); iv) the activation of the human TLR4/MD-2 complex by natural under-acylated LPS (3). We 
have applied a combination of different computational techniques, such as MD simulations, NMA, docking 
calculations, virtual screening, and membrane simulations to address some of these questions (Figure 1). 
Other PRRs have also been studied (lectins) by means of computational techniques to address the design of 
glycomimetics with enhanced selectivity. 

 

 

Figure 1. Representation of some computational studies of the TLR4/MD-2 system. 
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Novel	developments	of	multi-level	coupled	cluster	methods	
for	valence	and	core	excitations		

Henrik	Koch,1,2	Rolf	H.	Myhre,1,2Ida-Marie	Høyvik1	and	Sonia	Coriani3		

1.	Department	of	Chemistry,	NTNU,	7491	Trondheim,	Norway.	
2.	Stanford	PULSE	Institute,	SLAC	National	Accelerator	Laboratory,	Menlo	Park,	CA	94025,	USA.	
3.	Department	of	Chemistry,	Technical	University	of	Denmark,	2800	Kgs.	Lyngby,	Denmark		
	
henrik.koch@ntnu.no		

Accurate	 calculation	 of	 core-excited	 states	 requires	 use	 of	 high-level	 electron	 correlation	
methods.	On	the	other	hand,	the	change	in	the	electronic	structure	compared	to	the	ground	state	
is	highly	localized	around	the	atom	involved	in	the	core-excitation.	This	can	be	efficiently	used	to	
devise	 approximation	 schemes	 with	 significant	 reduced	 cost	 and	 without	 compromising	 the	
accuracy.	I	will	focus	on	our	recent	developments	of	the	core	valence	separation	(CVS)	[1],	multi-
level	coupled	cluster	models	(MLCC)	[2,3],	correlated	natural	transition	orbitals	(CNTOs)	[4]	and	
related	developments.	The	performance	of	the	developed	techniques	will	be	illustrated	by	the	
results	from	our	recent	collaboration	on	new	cutting-edge	experiments	performed	at	SLAC	[5].		
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Like many other molecular properties, photophysical properties of complex systems often depend on pH. 

From the theoretical chemistry point of view, the modeling of this dependence relies on the correct description 

of the protonation states for all the possible ionizable sites present in the system. 

In this talk, I will report different models which deal with the absorption spectrum of two photoactive 

biomolecules: i) a photochromic microbial protein, Anabaena Sensory Rhodopsin, whose retinal 

chromophore behaves as a unidirectional biological rotor1 and ii) a polypeptide featuring a Trp-Tyr dyad.2 

Going from a simple electrostatic model3 to a sophisticated multi-scale approach involving molecular dynamics 

simulations and QM/MM calculations,4 we show that not only protonation states of amino-acids matter but also 

that several distributions of protonation micro-states need to be considered to analyse the pH-dependency of 

their UV-visible absorption spectrum. 
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Microorganisms are highly proficient at inhabiting and decaying paper, leather and stone objects, generating 
serious problems for the conservation of paintings, textiles and sculptures. The associated health risks coupled 
with the cost of decontaminating infected artefacts, exhibition rooms and depots make this a pertinent topic 
for museums, local authorities and private collectors alike. Moreover, our shared cultural heritage is a social, 
economic and environmental resource for Europe.1 The overall aim of our current research efforts is to 
engineer a range of nanohybrid materials with enhanced antimicrobial properties that will act as biocidal 
agents to help prevent biodeterioration in objects of cultural heritage. As an example, Figure 1 (below) 
illustrates how modular and tuneable ionic liquid materials can be constructed from the combination of two 
component parts: polyoxometalates (POMs) and quaternary ammonium cations.2 The ability to tailor each 
of these two constituents offers a unique opportunity to produce precision biocides that meet the specific 
needs of cultural heritage conservation (e.g highly applicable colourless gels, waxes, sols etc.).3 Our research 
also demonstrates how comprehensive antimicrobial functional screening programmes can be used to assess 
the activity of nanomaterials against bacterial and fungal strains commonly found infecting objects of cultural 
heritage. Thereafter the most active and applicable materials are evaluated against biodeteriorative 
microorganism contaminants on in real cultural heritage artefacts from libraries and museums. 

 

Figure 1. Use of POM-ILs as biocidal coatings on stone surfaces. 
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The family of heterospin Cu(hfac)2LR complexes has the ability to undergo reversible, thermally induced structural 
rearrangements that produce a spin crossover-like transition. Due to these structural and magnetic changes, the 
Cu(hfac)2LR family of complexes is known as “breathing crystals”.  

The Cu(hfac)2LBu crystal with butylpyrazolyl-substituted 
nitronyl nitroxides (NN) [1] exhibits a polymeric-chain 
crystal structure formed by the alternation of two units: 
a one-spin Cu(hfac)2 unit (enclosed in blue) and a three-
centres-three-spins NN-Cu(hfac)2-NN unit, known as 
triad (enclosed in red). The main structural and 
magnetic changes that this switchable material 
experiences are mostly localised within the triad. We 
have demonstrated that the JAB interaction within the 
triads cannot be evaluated at DFT level, due to being 
multiconfigurational at low temperature. Our study 
corroborates that the intra-triad exchange coupling 
(JCu·NN) changes from weak ferromagnetic (FM) at room 
temperature to antiferromagnetic (AFM) at low 
temperature upon spin transition. 

Contrary to what the crystal packing appears to indicate, the triads are magnetically connected due to direct 
through-space NN-NN magnetic interactions (see green rectangle in Figure). A full static study at CASSCF level of 
the magnetic pathways in the system has thus proved that the system presents a one-dimensional magnetic 
topology. At 100 K, the magnetic topology consists of strongly AFM coupled NN-Cu(hfac)2-NN triads that 
interact between them antiferromagnetically. This picture becomes an alternant chain topology with intra-FM-
triad interactions coupling again antiferromagnetically connected upon phase transition at room temperature. 
The simulation of the magnetic susceptibility clearly highlights that different magnetic topology translates into 
different χT(T) behaviour. These static results correctly reproduce the two extreme behaviors: low and high 
temperature. However, the calculations done using the 145 K data do not agree at all with the experimental data, 
showing a lack of information of how the transition occurs. Our dynamical study throws some light on this 
transition and shows the importance of considering the thermal fluctuations in this kind of systems.  
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Figure. Crystal packing of polymeric chains and magnetic 

topology. Note the triad and the CuO4N2 unit are enclosed in 
red and blue, respectively. The exchange interaction pathways 
are highlighted (blue arrows). The green rectangle envelopes 

the NN radicals involved in the intra-triad JAB. Hydrogen and 
fluorine atoms have been omitted for clarity. 
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The development of Fluorescent Proteins (PFs) has set a milestone in modern bioimaging techniques, since 
de discovery of the Green Fluorescent Protein (GFP) in the early 1960s. They can be used as non-invasive 
labels for protein observation in living cells due to their unique characteristics: they are small, very resistant 
and easy-to-replicate proteins and, on the top, they are autofluorescent.1 GFP displays two absorption peaks 
at room temperature, commonly labelled A (395 nm) and B (475 nm), which correspond to the neutral and 
the ionized form of the chromophore. Upon excitation, GFP emits radiation at 508 nm with a QY of 0.8 
after an internal excited State proton transfer takes place. The GFP variant S65T/H148D has been widely 
studied due to its unique spectroscopic characteristics. It absorbs at 415 nm and emits green light at 508 nm 
with a QY of 0.21, but the rise of the emission band could not be resolved experimentally and it has set to be 
under 50 fs. After a sudden decay of the excitation energy (< 50 fs), a second component of decay is 
experimentally detected, which occurs in the order of picosecods. 2 

 
In this work we have performed extensive quantum mechanical/molecular mechanical non-adiabatic 
molecular dynamics simulations in order to reproduce the experimental data and shed light to the processes 
associated to the 2-component decay of the excitation energy. We have been able to associate the first 
component to a direct proton transfer between the chromophore and the proton acceptor (Asp148), which 
occurs in about 20 fs, and the second component to a complex coordinate composed by the lengthen of the 
chromophore-Asp148 distance, the approach of the residue Tyr145 and the loss of planarity of the 
chromophore. Furthermore, we have found two different non-radiative relaxation channels that can explain 
the loss of QY and the mismatch between the decay of the emission of the form A* and the rise of the I* 
form. 
 

 

References 

1.  R. Y. Tsien, Annu. Rev. Biochem., 1998, 67, 509-44. 

2.  Kondo, M.; Heisler, I. A.; Stoner Ma, D.; Tonge, P. J.; Meech, S. R. J. Am. Chem. Soc. 2010, 
132, 1452-1453. 

 

 



Ferrocene molecules on metal surfaces: self-

assembly and magnetic doping

Roberto Robles1, Paula Abufager2, Nicolás Lorente3
1 Catalan Institute of Nanoscience and Nanotechnology (ICN2), CSIC and The Barcelona
Institute of Science and Technology, Campus UAB, Bellaterra, 08193 Barcelona, Spain.
2 Instituto de F́ısica de Rosario, Consejo Nacional de Investigaciones Cient́ıficas y Técnicas
(CONICET) and Universidad Nacional de Rosario, Av. Pellegrini 250 (2000) Rosario,
Argentina.
3Centro de F́ısica de Materiales CFM/MPC (CSIC-UPV/EHU), Paseo Manuel de Lardi-

zabal 5, 20018 Donostia-San Sebastián, Spain, and Donostia International Physics Center

(DIPC), Paseo Manuel de Lardizabal 4, 20018 Donostia-San Sebastián, Spain.

roberto.robles@icn2.cat

Metallocenes wires have recently attracted considerable interest for their use
in molecular spintronics. However, this interest is hampered by our incom-
plete knowledge of the metallocene interaction with a metal. Here we present
a study of di↵erent aspects of ferrocene molecules on metal surfaces. First,
combining low-temperature scanning tunneling microscopy and density func-
tional theory calculations we study the self-assembly of ferrocene molecules
on copper surfaces. We show two di↵erent configurations and we propose
that they are stabilized by arrangements formed by vertical- and horizontal-
lying molecules. Second, we explore the magnetic doping of the molecules
by Co atoms, showing two di↵erent on-surface procedures to build isolated
and layer-integrated Co-ferrocene molecules. We show that, unlike single
ferrocene, the formed molecule has a magnetic moment. Our results pave
the way for a controlled procedure towards the development of metallocene-
based nanowires with tailored magnetic properties.
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The interest for the chemistry of the trifluoromethyl functional group has grown in the last decades due to its 
capability to module properties related to solubility and stability in organic compounds, having important 
applications in the pharmaceutical and agrochemical industry. (1)(2) While the vast majority of these 
transformations use palladium based catalysts,(2)(3) the development of nickel cross-coupling reactions have 
surge during the last decade(4) motivated by the envision of nickel catalysts as a low-cost/ less-toxic 
alternative to palladium. Mechanistic studies have shown that Ni-catalyzed reactions can occur via 
organometallic Ni(0), Ni(I), Ni(II), Ni(III) and, as reported very recently, Ni(IV) intermediates.(5)(6) Using 
density functional theory (DFT), we study a well-defined aryl-Ni(II) complex, which undergoes an aryl-CF3 
bond forming cross-coupling reactions in the presence of (S-trifluoromethyl)dibenzothiophenium triflate 
(TDTT). In this work, we analyze two plausible mechanism based on the amount of electrons tranferered 
durind the reaction (1 electron transfer, Ni(II)/Ni(III), 2 electron transfer, Ni(II)/Ni(IV)). Interestingly, the 
result enlighted us with a third option, a combined mechanism of the two proposed (Ni(II)/Ni(III)/Ni(IV). 
Afterwards, we move to study the reactivity of some derivatives of the well-defined aryl-Ni(II) complex with 
intentions of finding a more reactive system. 
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Development of transferable models to describe the physicochemical behavior of 
ionic liquids and deep eutectic solvents with a molecular-based equation 
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The potential to reduce the environmental impact in industrial processes has led to investigations on 
ionic liquids (ILs) and Deep Eutectic Solvents (DESs) as an alternative for a variety of applications that 
conventionally use organic compounds. The popularity of ILs grew rapidly due to their almost 
inexistent vapor phase (in the range of application) and wide liquid range, although their expensive 
synthesis has become a limiting factor. Recently, DESs have appeared as a new class of compounds, 
with similar properties but with a very low cost. DESs are systems formed from a eutectic mixture of 
Lewis or Brønsted acids and bases, which can contain a variety of anionic and/or cationic species. Due 
to a strong hydrogen-bonding effect, their melting point is significantly lower than the melting point of 
the individual components.  Unfortunately, the mechanisms behind the physicochemical properties of 
ILs and, particularly, DESs are still not well understood. Consequently, there are almost no available 
theoretical models describing the main physicochemical properties of these compounds. Recent 
computational studies1 have revealed a considerable network of hydrogen bonding interactions in ILs 
and DESs. In this regard, molecular modeling techniques and, in particular, molecular-based equations 
of state (EoSs), provide an attractive option to screen DESs properties, based on the fact that hydrogen 
bonding is explicitly considered in those equations by means of the Wertheim’s theory. The purpose of 
an advanced EoSs is to build coarse-grained simple molecular models, able to capture the basic 
features occurring in the molecule, in order to obtain fast and qualitative results that give quick 
answers to guide the experiments, becoming a crucial tool for process design. This work illustrates 
several practical examples based on the solubility of greenhouse gases on several ILs and DESs, in 
order to evaluate their feasibility for gas separation and carbon capture. A coarse-grained molecular 
model, within the framework of the soft-SAFT equation of state2 is presented for each molecule based 
on structural information. The absorption of relevant gases is modeled and compared with 
experimental data using a minimum amount of data, trying to assess the most appropriate solvent and 
the optimal operating conditions to maximize each gas separation.3-4 Particular attention is paid to the 
hydrogen-bonding effects and the transferability of the molecular parameters on ILs and DESs.  
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Mammalian AMP-activated protein kinase (AMPK) is a Ser108/Thr132 protein kinase with a key role as 
sensor in the cellular energy homeostasis (1). This function confers AMPK a major role in numerous 
metabolic disorders, such as type 2 diabetes, obesity and cancer, and explains the progressive interest as a 
therapeutic target. AMPK is a heterotrimeric enzyme complex composed by a catalytic α-subunit and two 
regulatory subunits, β and γ. It is regulated by several mechanisms, including indirect activators such as 
metformin, rosiglitazone and resveratrol, and direct activators, such as compound A-769662 (2). The X-ray 
structure of AMPK bound to the direct activator A-769662 has been recently reported (PDB entry: 4CFF), 
providing a structural basis for the regulation of AMPK activation thanks to the phosphorylated Ser108 
(pSer108) located at the CBM of the β subunit (2). 

We have carried out a series of molecular dynamic simulations of AMPK 
in apo and holo states, as well as the holo in presence of ATP to gain 
insight into the mechanism of AMPK activation. The results point out an 
overall reduction in the conformational flexibility of holo systems 
compared to apo, especially significant in the N-lobe region. This fact is 
most likely due to the strong interactions formed between pSer108 and 
Lys29/Lys31 upon binding of the activator. Furthermore, the presence of 
the activator leads to a significant alteration in the protein flexibility, 
particularly regarding the motion of the N-terminus of the catalytic α-
subunit and the regulatory domain of the β-subunit, as deduced from 
analysis of the essential motions. The net effect is that the shape and size 
of the ATP-binding pocket is altered and tends to pre-organize the ATP 
binding site. Thus, we hypothesize that the activator would act like a 
glue, filling the space between the N-terminal domain of the α subunit 
and transferring the movement of these regions to the ATP-binding site. 
This effect would rearrange the ATP-binding site, specifically leading to 
a conformational change in the mouth of the binding pocket, favouring 
the binding of ATP. Current efforts address the design of novel compounds that may act as activators of the 
enzyme.  
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Fullerenes are allotropic forms of carbon formed by pentagonal and hexagonal rings. Their spherical 
geometry generates a cavity inside which makes them able to encapsulate atoms or clusters to form 
endohedral fullerenes with potential applications in biomedicine and photovoltaics. These molecules are 
stabilized by a formal transfer of electrons from the encapsulated atom or cluster to the fullerene cage. Since 
the detection of the first endohedral metallofullerene (EMF), La@C82, in 1991, it has always been observed 
that the oxidation state of a given encapsulated metal is always the same, regardless of the cage size. Here we 
present a recent study on some uranium mono-metallofullerenes, in collaboration with L. Echegoyen (UTEP) 
and N. Chen (Soochow Univ.), providing theoretical and experimental evidence for cage isomer dependent 
oxidation states for U. From DFT calculations we have found that U@D3h-C74 and U@C2(5)-C82 have 
tetravalent electronic configurations, whereas the isomeric U@C2v(9)-C82 has a trivalent electronic 
configuration. These are the first X-Ray crystallographic structures of uranium EMFs and this is first 
observation of metal oxidation state dependence on carbon cage isomerism for mono-EMFs. 
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 We present a new approach for expanding the range of application of protein-ligand docking 
methods to accurately predict the interaction of coordination complexes (i.e. metallodrugs but also 
physiologically relevant metal species) with proteins. We assume that, from a pure computational 
point of view, hydrogen bond functions could be related to coordination bonds. The hard work 
consists therefore in generating the convenient atom types and scoring functions to adapt this idea to 
docking software without using any geometrical constraint or energy restrain. To test this approach, 
we applied our model to 39 high-quality X-ray structures with transition and main group metal 
complexes bound to proteins using our implementation in the protein-ligand docking GOLD suite. The 
results are excellent: the percentage in which the RMSD of the simulated pose is smaller than the X-ray 
spectra resolution is 92.3% and the mean value of RMSD is < 1.0, showing that the method could be 
used as a new tool to predict metal complexes-proteins interactions also when the X-ray structure is 
not available. This work could put the first steps for novel applicability of dockings in medicinal and 
bioinorganic chemistry and appears generalizable enough to be implemented in most of protein-ligand 
docking programs nowadays available.  
Finally, the theoretical method were applied to the study of the interaction of two VIVO complexes with 
anti-diabetic activity1, [VIVO(pic)2(H2O)] and [VIVO(ma)2(H2O)] where pic is picolinate and ma is 
maltolate, with lysozyme (Lyz) for which EPR spectroscopy suggests the binding of the moieties 
VO(pic)2 and VO(ma)2 through a carboxylate group of an amino acid residue (Asp or Glu).2 
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Computational design of new functional proteins relies on finding existing proteins having both the desired 
geometry and the stability to tolerate mutations needed for the new function. Despite successes of this 
approach for developing new enzymes and binding proteins, this dependence on existing protein structures 
can be a limitation for certain applications and, instead, building proteins de novo with custom-made 
structures should be more effective1. In a step toward custom-tailored ligand-binding proteins, our work 
focuses on the de novo design of protein folds suited for small-molecule binding2. We computationally designed 
a series of protein folds with curved β-sheets shaping cavities and verified them experimentally. We have also 
applied the de novo design approach to build chimeric proteins for nucleosomal DNA recognition. 
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Billions of years of evolution have made enzymes the best catalysts on Earth. They are capable of 
accelerating reactions by many orders of magnitude. This rate acceleration is achieved by decreasing the 
activation barriers of reactions, making them possible at ambiental conditions. Among all known catalysts, 
enzymes (i.e., biocatalysts) are the most efficient, specific and selective. The metal-dependent enzymes are 
really interesting due to their implication on oxidation-reduction reactions, these metalloenzymes have been 
studied since decades experimentally and computationally. Alcohol Dehydrogenase (ADH) enzymes catalyse 
the reversible reduction of prochiral ketones to the corresponding alcohols. These enzymes present two differently 
shaped active site pockets (Fig. 1), which dictate their substrate scope and stereoselectivity. In this study, we 
computationally evaluate the effect of two commonly reported active site mutations (I86A, and W110T) on a 
secondary alcohol dehydrogenase from Thermoanaerobacter brockii (TbSADH) through Molecular Dynamics 
simulations. Our results indicate that the introduced mutations induce dramatic changes in the shape of the active 
site pockets, which has a great impact on the substrate–enzyme interactions and stereopreferences. We demonstrate 
that the combination of Molecular Dynamics simulations with the tools POVME (1) and NCIplot (2,3) corresponds 
to a powerful strategy for rationalising and engineering the stereoselectivity of ADH variants. (4) 
 

 
Figure 1: Volume of the small and big pockets. 
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Because of the charged nature of polyoxometalates (POMs) to model the interaction between POMs and 
surfaces is not forward. Previous studies for moderately (PW12O403-, SiW12O404-) and highly charged systems 
on the silver or gold surfaces, have demonstrated that the incorporation of counterions in the calculations is 
strictly necessary to have reasonable electronic properties.1 Initial attempts in the modeling of POMs 
deposited on surfaces used classical MDs to know the distribution of cations and explicit solvent molecules 
around the POM. This approach allows to evaluate redox properties1 or the orientation of a lacunary anion 
in contact with metal surface,2 but does permit to compute the energy profile associate to a catalytic reaction. 

Here we report the first computational study on a catalytic reaction, where a POM acts as a co-catalyst. We 
have selected the water gas shift reaction catalyzed by the polyoxomolybdate [PMo12O40]3- in contact with a 
gold surface.3 We have taken the advantage of continuum solvent models to model the super-system. 4 
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Endohedral metallofullerenes (EMFs), i.e. those fullerenes that contain metal atoms or clusters in their 
interior, show exceptional properties and potential applications in biomedicine and photovoltaics. 
Formation of halogenated EMFs, systems that might serve as precursors for tailored functionalizations 
of fullerene cages, is predicted to be feasible based on thermodynamic grounds. We have computed 
bond energies for the halogenation and hydrogenation of a wide range of empty fullerenes and EMFs 
(C50, C60, C66, C68, C70, C72, C80, C82 and C84). Besides, we have analyzed the stability for the fluorination of 
the prototypical Sc3N@Ih(7)-C80 cage by means of Car-Parrinello molecular dynamics simulations. In 
parallel, in situ halogenation of metallofullerenes is investigated (Dunk and Mulet-Gas at FSU) by use 
of a pulsed laser vaporization cluster source to experimentally corroborate our theoretical predictions. 
We propose that halogenation, as well as hydrogenation, might be possible for EMFs. 
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Water splitting reaction promoted by sunlight is the most desired energetic pathway for molecular 

hydrogen production and was recognized as a convenient solution to the long-run storage of renewable 

energies through a particularly clean way. The development of water-splitting devices with catalysts 

based on earth-abundant materials may become the most cheap and sustainable way to achieve this 

process.1 Therefore, many efforts have been made to develop first row transition metal catalytic systems 

capable to produce H2 from water or organic acids, by using light as a source of energy or at low 

overpotentials.2 

Lloret-Fillol and co-workers reported the synthesis, characterization and proton reduction activity of a 

cobalt(II) complex based on the pentadentate ligand 1,4-di(picolyl)-7-(p-toluenesulfonyl)-1,4,7-

triazacyclononane (Py2Tstacn).3 This cobalt complex has excellent electrocatalytic proton reduction 

activity in acetonitrile when using trifluoroacetic acid as a proton source, and it is also photochemically 

active in a 7:3 H2O/CH3CN solvent mixture using the iridium photosensitizer [IrIII(ppy)2(bpy)]+ and Et3N 

as a sacrificial electron donor. In order to understand how this catalyst work, we have carried DFT 

calculations to: i) propose a viable catalytic cycle consistent with our experimental results for the photo- 

and electrochemically driven H2 generation and ii) to elucidate the role of the ligand and the reaction 

conditions on the H2 evolution activity. The computational mechanistic analysis supported by 

experimental data unravel which factors make feasible the proton reduction process. This information 

may guide the synthesis of more efficient proton reduction catalysts. 
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Ligand-modified palladium nanoparticles deposited on a carbon carrier efficiently catalyze the direct 
synthesis of H2O2 and the unique performance is due to their hybrid nanostructure. Catalytic testing 
demonstrated that the selectivity increases with the HHDMA ligand content from 10% for naked 
nanoparticles up to 80%, rivalling that obtained with state-of-the-art bimetallic catalysts 
(HHDMA=C20H46NO5P). Furthermore, it remains stable over five consecutive reaction runs owing to the 
high resistance towards leaching of the organic moiety, arising from its bond with the metal surface. As 
rationalized by density functional theory, this behavior is attributed to the adsorption mode of the reaction 
intermediates on the metal surface. Whereas they lie flat in the absence of the organic shell, their electrostatic 
interaction with the ligand results in a unique vertical configuration which prevents further dissociation and 
over-hydrogenation. These findings demonstrate the importance of understanding substrate–ligand 
interactions in capped nanoparticles to develop smart catalysts for the sustainable manufacture of hydrogen 
peroxide. 
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Olefin Metathesis (OM) is one of the most efficient and elegant tools for carbon-carbon double bond 
formation. It takes place, necessarily, in the presence of [M]=CR2 species, performing as catalyst. The most 
successful metals to such catalysts are Mo, W and Ru (1).  One of the nowadays task for the organometallic 
chemistry is to perform the chemistry of hard and precious metals with metals of the first row, because they are 
more abundant, eco-friendly and, usually, less toxic (2). In our case a Fe carbene appears to be a good 
alternative to olefin metathesis reaction, once it belongs to the same family of ruthenium, besides of be 
inexpensive and show a low toxicity. Unfortunately, so far, the synthetized [Fe]=CR2 drives basically to the side 
reaction cyclopropanation, instead of the desirable olefin metathesis (Fig. 1) (3). 
 
In this work we use a theoretical approach, based on DFT level of theory, to understand the electronic 
structure and the reactivity of the known existing [Fe]=CR2, plus a large set of possible in silico designed iron 
carbenes. We analysed the factors which make olefin cyclopropanation more feasible than OM, regarding the 
different spin states, thermodynamic and kinetics, focusing in determine the coordination sphere and oxidation 
state of the iron that could lead toward a potential OM catalysts. The alkyl-containing σ-donating tridentate 
ligands, which, at the same time, promotes the iron carbene to the singlet state and destabilize the triplet state 
cyclopropanation products seems to be a way to be followed (4). 
 

 

Fig. 1 
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From the fundamental science point of view, the heat transport properties are strongly

related to the material's structure and composition down to the atomic scale. When

the  dimensionality  is  reduced  or  nanometric  scales  are  reached,  novel  thermal

properties emerge. Concerning 2D materials, graphene (GN) has shown exceptional

electrical  and  thermal  properties  stimulating  the  interest  in  similar  isomorphic

materials, such boron nitride (BN). Regarding the BN nanoribons (BNNRs), it has been

recently shown that the thermal conductivity is strongly dependent on the transport

direction in contrast to the GNRs1. Here, we present the study from :rst-principles of

the  thermal  transport  properties  of  BN  using  the  methodology  of  "Approach  to

Equilibrium Molecular Dynamics" (AEMD)2 from a pure Density Functional Theory (DFT)

approach  as  implemented  in  the  SIESTA  program3.  The  SIESTA  MD  module  was

modi:ed  to  perform AEMD simulations,  allowing  the  determination  of  the  thermal

conductivity  from a  purely  :rst-principles  description,  without  assumptions  on  the

interatomic potentials or :ts to experimental information. This is the :rst time that

both  approaches  (DFT  AEMD)  are  used  in  combination  opening  the  possibility  to

determine accurately the thermal conductivity in structures whose force :elds are not

available or su?ciently accurate (defective materials, doped systems or surfaces with

adsorbates). The anisotropy of the thermal conductivity of BN was studied in order to

demonstrate the capabilities of the proposed methodology, and to test the validity of

the recent force :eld studies1, quantifying the variation of the thermal conductivity as

a function of the transport direction. 
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Experimental and Theoretical points of  view of  Li+ + i-C3H7Br gas-phase 
reaction 
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The study of  gas-phase reactions plays an important role in the knowledge of  many types of  chemical
reactions that happen on our planet, and also in other bodies of  the Solar System1,2. Based on this idea, in the
GDRQ at UB we study gas phase reactions between different types of  reagents using a Radio Frequency
Guided Ion Beam(RF-GIB) apparatus3, to provide an experimental point of  view. These are complemented
with a theoretical-computational approach that allow us to develop a complete analysis of  multiple systems.
In this work we present the results of  the gas phase reaction between Li+ cations and organic iso-
bromopropane neutral molecules, as an example of  the type of  studies carried out over many years in our
laboratory4.

For the system treated herein, several reaction products corresponding to different reactive channels have
been experimentally detected, as well as the formation of  the collision adduct between the cation and the
organic molecule5, which has a long enough lifetime to be detected and quantified. These laboratory
measurements are complemented by a later theoretical-computational study, determining and characterizing
first the reactive system stationary points on the SEP by ab initio calculations. These stationary points will later
be joined by the IRC method to form a reaction path and giving a vision about the reaction mechanism.
Finally, through the use of  the Venus-NWChem program, a sufficient number of  dynamic trajectories have
been performed in order to obtain satisfactory results for all the experimentally detected reaction channels
and for the adduct formation, too. 

So, in this way, the study of  this type of  reactions is completed through treatments from different points of
view that provide us with information and details that allow a more extensive understanding of  the process
carried out.
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Allylic amines, representing a class of functional olefins, are fundamental building blocks in organic chemistry, 

and their synthesis is an important industrial and synthetic goal (1).
 

Significant progress has been observed in 

recent years in the synthesis of allylic amines which has limited potential to introduce three or four different 

substituents (2).
 

Pd-catalyzed conversion of allyl surrogates which are readily obtained from cyclic vinyl carbonates to 

multisubstituted allylic amines are characterized by excellent stereoselectivity, operational simplicity, mild 

reaction conditions, and wide scope in reaction partners(3). DFT studies were performed to rationalize the 

stereocontrol in these allylic amine formation reactions, and evidence is provided that the formation of a six-

membered palladacyclic intermediate leads toward the formation of (Z)-configured allylic amine products. 

 
Scheme1. Conversion of cyclic vinyl carbonates to allylic amines 

 
The detailed mechanism for the palladium catalyzed conversion of cyclic vinyl carbonates to allylic amines will 

be presented.  
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The cellular cytosol and the cellular membrane are highly structured environ-

ments with a great concentration of biological macromolecules that, through

nonspecific interactions, significantly a↵ect the processes of di↵usion and reac-

tion that occur within

1,2
. Current theoretical models allow us to describe these

processes in diluted solution, but fail to explain their behaviour in intracellular

environments. In order to achieve it, the e↵ects of this macromolecular crowding

must be accounted for.

A lattice-based Monte Carlo algorithm has been generalized from previous

di↵usion

3
and reaction

4
Monte Carlo algorithms by our group. The program

simulates reaction-di↵usion processes with an irreversible Michaelis Menten

mechanism, by combination of a random walk and a stochastic sampling of

the reactive event. Addition of obstacles in the system enabled us to sim-

ulate macromolecular crowding and observe its e↵ects. The probabilities for

the stochastic events were chosen to represent an enzyme with realistic kinetic

constants

5
, whereas the concentrations of enzyme and substrate are within the

physiological range.

Although this model is not as accurate as Brownian Dynamics, it allows us to

simulate at longer timescales. The results show a significant enhancement of

the bimolecular rate constants with increasing excluded volume.

References
1. Zhou H-X, Rivas G, Minton AP. Annu. Rev. Biophys. (2008), 37:375–397.

2. Pastor, I. et al. Biophys. Chem. (2014), 185:8–13.

3. Vilaseca, E. et al. Phys. Chem. Chem. Phys. (2011), 13:7396–7407

4. Pitulice, L. et al. Biosci. (2014), 251:72–82.

5. Bar-Even, A. et al. Biochemistry (2011), 50:4402–4410.


