
Third Progress Report – RISE 

Covering the period 1st January 2017 to 31st December 2017 

 

1. General Progress of the action 

1.1 Please indicate the progress of the action during the period covered by this report: 

The action has fully achieved its objectives for the period.  

The action has achieved most of its objectives for the period with relatively minor 
deviations.  

The action has achieved some of its objectives but corrective action is required.  

The action has failed to achieve critical objectives and/or is severely delayed. 
 

 

1.2 Please describe the general scientific progress of the action during the period covered by this 
report (including by giving qualitative indicators and by describing deliverables and milestones achieved): 

_______________________________________________________________________________________ 

Scientific progress: During the third year it became clear that not all the work packages were progressing at 
the same rate, and were not equally promising. For this reason, it was deemed appropriate to concentrate 
the efforts in three of the six research WP, i.e. WP2 (Porous Liquids), WP3 (Dye-sensitized solar cells), and 
WP5 (Biomimetic membranes).  In what follows we summarize the main achievements and findings in all 
WPs. 

_______________________________________________________________________________________ 

1.2.1. WP1: Confined Ionic Liquids 

Objectives: The main goal of WP1 is to understand the role of space confinement on the structural and 
dynamical behaviour of ionic liquids embedded into the porous structure of MOFs, so that then we can tune 
the properties of the functional components to optimize reactive separations. 

Current status: The original project was to study the structure and dynamics of room-temperature ionic 
liquids in a MOF. Severe difficulties with the interpretation of experimental data forced us to defer the 
study of confined ionic liquids to a later time. We expected to resume this during a visit by ER16-Youngs 
(ISIS) to UNCUYO in Apr-May 2017, but unfortunately he took severely ill and could not travel. Instead, 
tWP1 was completely refocussed on the topic of structural and dynamical properties of benzene and 
cyclohexane confined in Cu-BTC MOF and in bulk phase, which were amenable to experimental studies. 
This has also compromised Task 1.5 (fourth year), which consisted in the design of ceramic membranes for 
reactive separations using confined ionic liquids. Below we summarize the results from Tasks 1.3 and 1.4. 

 

Task 1.3: To compute molecular diffusion coefficients of unconfined and confined aromatics in MOFs. This 
was done using equilibrium molecular dynamics simulations and computing mean square displacements. 

Lead participants: ER17-Del Popolo, assisted by ER16-Youngs and ER1-Kohanoff. 



Secondments: Task carried out by ESR19-Chiarpotti (UNCUYO) at UNCUYO. ER1-Kohanoff visited UNCUYO 
in Apr and Dec 2017. ESR19-Chiarpotti was seconded at ISIS in Aug-Oct 2017, to learn the Emiprical 
Potential Structure Refinement (EPSR) method, which is under development by ER16-Youngs. 

Actions: 

Molecular Dynamics simulations have been carried to compute Mean-Square Displacements (MSD), and 
diffusion coefficients for the confined liquids. Electrical conductivity is not relevant for these neutral 
molecules, as it would be for ionic liquids. 

Results: 

An unexpected behavior has been observed in confined cyclohexane at high concentration. Cyclohexane 
under these conditions presents a very low diffusion coefficient, two orders of magnitude smaller than in 
the bulk, unconfined situation. This can be observed in the MSD reported in Figure 1.1. The confined liquid 
corresponds to the dark green curve which slope is near zero, thus indicating that cyclohexane is not 
moving at all.  

Figure 1.1: Mean-square displacements for confined and unconfined liquids. Left panel: benzene, dashed 
lined bulk phase and bold lines for two different concentrations of confined benzene. Right panel: 
Cyclohexane liquids, dashed lined bulk phase and bold lines for two different concentration of confined 
cyclohexane. 

In contrast, while confined benzene is less mobile than in the bulk phase, with a diffusion coefficient ten 
times smaller, it still diffuses even at higher concentration. The question is: why, seeing that the structures 
of C6H6 and C6H12 are similar (Figure 1.2), their dynamical behaviour is so different. Notice that the bulk 
diffusion coefficient of cyclohexane is only approximately half that of benzene, so this behaviour must be 
related to their interaction with the MOF. 

 

Figure 1.2: Structure of benzene (a) and (b), and of cyclohexane (c) and (d) 



This behavior agrees with the van’t Hoff space-time autocorrelation function (Figure 1.3), where at 
intermediate and long times, cyclohexane at high concentration exhibits practically the same correlation 
function. We are trying to understand why cyclohexane has this behavior and we are studying if it is a glass 
phase. One possible reason could be that the quasi-spherical shape of cyclohexane makes it easier to pack 
the molecule in the cavities. The experimental results we have are not enough to explain this behavior 
because NIMROD at ISIS is a diffractometer, and does not have access to dynamical properties. This would 

require a different instrument capable of measuring spectroscopic properties, like TOSCA. 

Figure 1.3: Space-time autocorrelation function at different shift-times (ps). (a) liquid Benzene, (b) liquid 
Cyclohexane, (c) Confined benzene, bold lines for high concentration, dashed lines for low concentration, 
and (d) Confined cyclohexane, bold lines for high concentration, dashed lines for low concentration.  

Status: Progress has been made in the determination of molecular diffusion of aromatics in the MOF via 
MD simulations carried out by ESR19-Chiarpotti at UNCUYO. These simulations, however, were inadequate 
to study the jump of molecules from one cage to the next, due to the large activation barriers. This was 
computed in Task 1.4 using rare event sampling techniques.  

 

Task 1.4: To compute the thermodynamic work required to drag anions and cations from one cavity of the 
MOF to a neighbouring one. 

Lead participant: ER2-Del Popolo. 

Secondments: Task carried out by ESR19-Chiarpotti (UNCUYO) at UNCUYO. ER1-Kohanoff visited UNCUYO 
in Apr and Dec 2017.  

Actions: 

Constrained molecular dynamics simulations were carried out,  by fixing the distance between the center-
of-mass of the aromatic molecules and the center of the empty MOF cavities. These results were used to 
compute the free energy by thermodynamic integration of the potential of mean force. 

Results: 

The space-time correlation function shown in Figure 1.3 reveals that solvent transport inside the MOF 
occurs in two regimes spanning different time scales, i.e. rattling of the solvent molecules inside the 



cavities, followed by activated jumps between neighbouring cavities. The kinetic bottleneck associated to 
the second process was characterized by computing the free-energy profile along an appropriate reaction 
coordinate. In our case the reaction coordinate was the distance between the center-of-mass of a solvent 
molecule and the center-of-mass of the set of atoms that make the walls of one of the MOF cavities. Notice 
that the latter coincides with the geometric center of the empty cavity. The reaction coordinate was then 
sampled using constrained molecular dynamics, which led to the potential of mean force and the 
identification of the activation energy for jumps between cavities. Results indicate that cyclohexane 
exhibits a larger activation energy that benzene, which we attribute to the quasi-spherical shape of the 
molecule that seems to introduce a steric constrain when the solvent reaches the bridge that connect two 
neighbouring cavities.   

Status: The simulations are all completed, but the data requires further analysis. This will be done in the 
near future, and will form part of a joint theory-experiment publication. 

_______________________________________________________________________________________ 

1.2.2. WP2: Porous Liquids 

Objectives: The main goal of WP2 is to design liquids with intrinsic microporosity to use them for gas 
separations, in particular CO2 sequestration, transport and storage. This furthers an ongoing collaboration 
involving ER-Kohanoff, ER4-James and ER17-Del Pópolo. 

Current status: The computational modelling work by ESR7-Osborne was completed in June 2017. His PhD 
thesis was submitted in September, and examined in November 2017. The final version will be submitted in 
early 2018. Neutron scattering experiments were carried out at ISIS during 2017. This included a 
secondment of ESR11-Borioni (UNCUYO), who participated in the experiments. Funding from EPSRC (UK 
Research Council) was obtained by ER4-James and ER1-Kohanoff to pursue this investigation. Below we 
briefly review the tasks included in this reporting period, which include Tasks 2.3, 2.4, and 2.5,  

Task 2.3: To synthesize and characterize experimentally the most promising systems 

Lead participant: ER4-James. Task carried out at QUB by ESR29-Hutchinson, ER31-Tsang, and ESR32-Cahir 
at QUB. ESR7-Osborne and ER17-Del Pópolo collaborated via regular meetings and e-meetings. 

Secondments: ER4-James visited UNCUYO for 10 days in May 2017. 

Actions:  

1. A range of Type-2 porous liquid systems have been synthesised in accord with the modelling studies. 

2. A wide platform of Type-3 porous liquids from MOFs, zeolites, porous carbon and silica as well as 
porous organic polymers has also been synthesized. 

Results:  

1. A new type of porous liquid based on 'Noria' hosts turned out to be particularly interesting. These are 
organic molecules that have far higher stability than the iminospherand cages studied before, and are 
much quicker and more economical to make. They can also be used with more conventional types of 
solvents to make porous liquids. High gas uptake has been been confirmed experimentally. These 
second generation porous liquids materials represent a significant advance on the original porous 
liquids.  

2. The liquid phases in these cases are cheap and readily available oils such as silicones or even naturally 
occurring triglyceride oils such as olive oil. Two patent applications will be filed on these systems. 

Task 2.4: To obtain structural data from neutron diffraction(s) experiments. 



Lead participant: ER16-Youngs. Task carried out by ESR29-Hutchinson at QUB and ISIS, supervised by ER16-
Youngs and ER4-James, and by ER11-Borioni at UNCUYO supervised by ER17-Del Pópolo. 

Secondments: ER11-Borioni visited QUB and ISIS for a month in March 2017. ER4-James visited UNCUYO 
for 10 days in May 2017. ER16-Youngs would have visited Mendoza for 6 weeks in April 2017, but due to 
serious health issues this trip has been postponed to 2018. ER17-Del Pópolo visited Dublin and Belfast in 
March 2017. ESR29-Hutchinson will visit UNCUYO in 2018. 

Actions: 

1. Neutron scattering spectra were obtained at the Near and InterMediate Range Order Diffractometer 
(NIMROD) of ISIS-STFC, and used to characterize the structure of porous liquids saturated with gases. 
This was carried out for scrambled cages instead of the original iminospherand cages (see below). 

2. Large-scale Molecular Dynamics simulations for the above porous liquid systems, with and without 
methane dissolved, were carried out. These were used to compute neutron scattering profiles for 
different combinations of isotopic substitutions on the gas, the solvent and the organic cages.  

Results:  

1. The initial objectives of the proposed experiment (see second ENACT report) were to further our 
fundamental understanding of a porous liquid we have previously reported (Nature, 2015) and 
computationally modelled (Tasks 2.1 and 2.2). The aim was to validate our molecular dynamics 
simulations in a more quantitative manner, and more widely, to develop new techniques to study 
porous liquids in general. It was hoped that the results would also help in the process of developing 
these materials towards real-world applications. Therefore, the experiments were specifically designed 
to investigate and understand the following properties of the porous liquid:  

a) The intrinsic porosity  

b) The distribution of gas molecules throughout the liquid, in particular, CH4 and CD4  

c) The mesoscale structure, e.g. the formation of larger supramolecular structures such as dimers or 
chain-like superstructures  

Due to limitations in scaling up the precursor in the lab required for the PL originally included in the 
proposal, and the outsourced custom synthesis with an external company being unsuccessful, a change in 
porous liquid was enforced. We therefore utilised our alternative ‘scrambled’ porous liquid (Figure 2.1) . 
 



 
Figure 2.1: Synthesis of scrambled cage mixture (top) which, when dissolved in a bulky solvent (PCP), forms 
a porous liquid (bottom).  
This includes porous organic cages with the same window and cavity size, but with different functionality 
on the periphery of the cage, and utilises a different solvent (perchloropropene over 15-crown-5, PCP). This 
porous liquid has the added benefit of being scalable and can be easily made from commercially available 
precursors. 

Preliminary data showed potentially interesting Q-1 behaviour at low Q when plotted on a log-log scale 
(Figure 4.2) - this could indicate some sort of supramolecular structure (e.g. rod like) forming in the porous 
liquid compared to the solvent at longer length scale, although the scattering was weak so this would 
require further investigation. It is exciting that such structure suggests we may effectively have actual 
'channels' through the liquid. 

 
Figure 4.2: Preliminary data for the porous liquid (upper curves), compared to the solvent PCP (lower 
curves), both with and without methane (1 bar and 6 bar), potentially indicating some sort of 
supramolecular assembly (rod type structures) in the porous liquid at longer length scale. 
  
On comparison of the solvent (PCP) to the porous liquid, it is also possible that at Q ~ 0.5 Å-1 we are 
observing the correlation due to the presence of permanent pores (Figure 2.3a). This is further confirmed 
by the addition of both of the liquid guests having an effect in the same region, with the biggest difference 
to the porous liquid (green curve, Figure 2.3b) being in the presence of deuterated chloroform (yellow 
curve, Figure 2.3b), which from previous experiments (for example, gas evolution, diffusion NMR studies) 
we know preferentially occupies the cage cavities within the porous liquid.  



 
Figure 2.3: Preliminary studies on the parent solvent (PCP) and porous liquid (a) showing a correlation 
indicating the presence of pores, and on addition of different isotopic variations of liquid guests to the 
porous liquid (b), showing an effect on the peak at ~0.5 Å-1. 
 
 
2. To confirm these preliminary experimental results, in-depth molecular dynamics (MD) simulations have 

now been carried out on the porous liquid consisting of rigid iminospherand cages dispersed in 
perchloropropene at a molar ratio of 1:36. Static structure factors, S(Q), are computed for the pure 
solvent and the PL loaded with hydrogenated (CHCl3) and deuterated (CDCl3) chloroform, and 
compared to experimental diffraction profiles. We assign the most prominent features of the S(Q)s to 
specific solvent-solvent and solvent-cage contacts. More importantly, we show that the presence of a 
single CDCl3 molecule inside each cage is enough to significantly alter the contrast in the diffraction 
profiles of the PL at low Q. Our results indicate that adding controlled amounts of small deuterated 
guests to a PL can be used to probe by neutron scattering both its intrinsic porosity and mesoscale 
order. We hope to build on these results and conduct a more in-depth study in order to fully 
understand the structure and properties of this porous liquid, and how it behaves at different 
concentrations, with further measurements using chloroform, and methane at different pressures.  

Status: Molecular simulations have been run and are being analysed. Neutron diffraction experiments were 
performed in February 2017. This work is being finalized and will be written for publication once the 
simulations are finished.  

 

Task 2.5: To extend to novel types of porous liquids including those based on inorganic cages. 

Lead participant: ER4-James. To be discussed during visits of ER17-Del Pópolo to QUB. Task carried out by 
ER33-Crawford. A possible secondment of ER33-Crawford to UNCUYO is being considered.  

Results: 

We have successfully prepared a range of porous liquids based on coordination cages with metals such as 
copper and rhodium. The synthesis has been challenging and to date it has been difficult to achieve the 
very high solubilities possible for the purely organic systems. However, we have proof of principle results 
showing enhance gas uptake.  

Status: This task is under development, and will be further pursued during the last year of the Action. Two 
patents are being filed.  

_______________________________________________________________________________________ 

 



1.2.3. WP3: Dye-sensitized solar cells 

Objective: In this WP, we propose to study TiO2 /Ionic Liquid interfaces sensitised by a metallo-organic dye 
molecule covalently bound to the solid electrode surface. This system represents the basic component of so-
called Grätzel cells. In these systems, dye molecules are required to enhance the light absorption cross-
section of the interface, and to tune the absorption peak at the most favourable wavelength.  

Current status: This WP has been progressing at a good pace during the third year. A new researcher from 
UNCUYO, ER27-Galassi, was incorporated an focused on an alternative way to simulate charge transport in 
the ionic liquid electrolyte. Below we report progress made in Task 3.3, while Tasks 3.4 and 3.5 are deferred 
to the final report. 

 

Task 3.3: To model the charge transfer process in the IL and at the IL-dye interface using reactive force 
fields, in order to estimate the rate of charge transport and its dependence on the IL. 

Lead participants: ER18-Bringa, ER13-English, ER1-Kohanoff and ER17-Del Pópolo.  

Secondments: ESR21-Grossi visited QUB in Feb and Dec 2017. ER17-Del Pópolo visited UCD in Mar 2017. 
ER13-English visited UNCUYO in Oct-Nov 2017 to work on this task. ER27-Galassi (UNCUYO) spent 3 months 
at QUB in May-July 2017, visiting briefly ER13-English at UCD during this period.  

Actions: 

1. REAXFF for charged molecules was implemented in the code LAMMPS, with iodine-atom charge-
variation scheme, by ESR15-Byrne in collaboration with ER17-Del Popolo, ER13-English, and ER-18-
Bringa.This was further developed by ER13-English, who carried out MD simulations of the liquid state, 
and estimated liquid-state diffusivities, together with energetics and kinetics of these exchange 
processes. A paper on this is in preparation, and will probably be submitted later in 2018. 

2. ER27-Galassi, in collaboration with ER1-Kohanoff, focussed on QM/MM simulations as an alternative 
methodology to REAXFF to describe the liquid phase. ER13-English and ER17-Del Popolo also 
participated. This work was initiated by ESR21-Grossi during his 2015 secondment, and resumed by 
ER27-Galassi in 2017. In this approach, which is implemented in the code CP2K, the iodide ions are 
treated quantum-mechanically via DFT, while the bmim cations are represented via classical force 
fields. 

Results: 

1. During his stay at UNCUYO in 2015, ESR15-Byrne acquired familiarity with the implementation 
of REAXFF in the LAMMPS code, under the supervision of ER18-Bringa. As REAXFF was already 
implemented for neutral molecules and the project required the implementation for ions 
(anions and cations in an ionic liquid), to handle charge variation in the I-/I3

- exchange process. 
ER13-English developed this further by doing MD simulations of the liquid state, and estimated 
liquid-state diffusivities and energetics and kinetics of these exchange processes (see Figure 
3.1). A draft manuscript is already available, and it is hoped to be submitted at some point in 
2018. 



 
Figure 3.1: Arrhenius plots of (a) number of reactions per nanosecond, N, and (b) self-diffusivity. 
 

2. During her stay at QUB, ER27-Galassi gained familiarity with the CP2K code and continued the 
exploration of its QM/MM capabilities, initiated in 2015 by ESR21-Grossi. Through intense 
interaction with the CP2K developers, she eventually succeeded in making it work, in a 
modality never used before, where the QM and MM boxes are the same. In general the QM 
box is significantly smaller than the MM one. This was necessary to treat all iodides QM, but it 
turned out to be computationally too expensive. To simulate the liquid phase, we have to run 
long MD simulations, and this requires an extremely efficient QM approach. REAXFF (see 
above) is a viable alternative. QM/MM parameters have been fitted to reproduce higher level 
(fully QM) theoretical calculations and experimental properties, such as the I2 transfer pathway 
in a solid-state RTIL and the cohesive energy of the crystalline phase of [bmim][I]. We have 
calculated the charge transfer pathway in the crystal in order to validate our model towards 
our own ab initio results [J. Phys. Chem. B 121, 6436–6441 (2017)]. We have obtained a 
general good agreement on this pathway, while we cannot reproduce the energy barrier for 
the I2 transfer to a satisfactory extent (see Figure 3.2, left panel). We attribute this to technical 
details in the calculation, and we are working on converging these calculations in order to have 
a fully validated QM/MM model. 
 



 

 
Figure 3.2: Left panel: Energy along the pathways connecting six crystal states, in terms of a full cycle 
from, and back to, state 1. Black circles are results from fully ab initio calculations (Figure 1), and red 
squares correspond to QM/MM calculations. The agreement is not ideal, but there is still scope for 
improvement as the configurations were not re-optimized within the QM/MM approach. This will lower 
the energies bringing them closer to the QM values. Right panel: a reduced QM/MM model in which 
only a fraction of the I- (large golden shperes) is treated QM, while the remaining ones are modelled via 
classical force fields. 
 
For QM/MM to be affordable within the present context, it was necessary to define a smaller 
QM box and treat only the iodides inside that box at this level, with all the rest treated via 
force fields. This is shown in the right panel of Figure 4. We have built a liquid cell, in which we 
have performed the first benchmarks. We have performed molecular dynamics simulations 
yielding 2.5 ps/day, and we are in the process of optimizing the simulations in order to 
increase one order of magnitude the performance. Finally, we are going to sample the transfer 
pathway in the liquid phase, either using enhanced sampling methods or from spontaneous I-

/I3
- exchange, and calculate the energy profile. We expect to publish a paper on this, but most 

likely it will be beyond the time scale of the ENACT project. 
 

Status: The study of ionic transport in the solid phase is completed, and a paper describing the diffusion 
mechanism of triiodides (important component in solar cell liquid electrolytes) in the crystalline form of the 
ionic liquid [BMIM][I] was published in J. Phys. Chem. B in 2017. A second paper on the REAXFF 
development and simulations is expected to be submitted in 2018, and a third paper on the QM/MM 
approach to the liquid phase is envisaged, but probably in 2019. This will enable the possibility of studying 
transport in more complex electrolytes composed of mixtures of ionic liquids, such as those used in actual 
DSSC. 

_______________________________________________________________________________________ 

 

1.2.4. WP4: Heat Storage 

Objective: The overarching goal of WP4 is to optimize the choice of nano-materials and surfactants in a 
matrix of a continuous organic or aqueous-based material to maximize the amount of heat stored and the 
velocity of charge/discharge. 



Current status: The research corresponding to this work package was finished by September 2016, and 
presented almost entirely in the mid-term report in April 2017. The only part that was not reported 
correspond to Task 4.5. This is summarized below, and will be presented in Deliverable 4.2. 

 

Task 4.5: To use the knowledge gained from 4.1–4.4 together with experimental characterization, to 
propose modifications of the nanoparticles, surfactant and base fluid. 

Lead participants: ER5-Rooney. Task carried out by ESR-tba (UNCUYO) and ESR8-Thompson (QUB) at QUB. 
ER1-Kohanoff to assist. ER13-English and ER18-Bringa to contribute while visiting QUB. 
 
Secondments: No secondments associated to this task. ESR8-Thompson spent two weeks in Birmingham 
University carrying out the experimental determination of thermal conductivities using a Laser Flash 
Analyser, and heat capacities using a Differential Scanning Calorimeter. 

Actions: 
 
1. ESR8-Thompson conducted the experimental preparation and characterization of CNT and graphene 

flakes in water and paraffin, both neat and coated with SDS and SDBS surfactants, for different volume 
fractions. The characterization involves measuring their thermal conductivity and heat capacity, and 
inspecting the morphology and chemical composition of the sample using Scanning Electron 
Microscopy (SEM). SEM was done at QUB, while the thermodynamic characterization was carried out in 
collaboration with the University of Birmingham (School of Chemical Engineering, not part of ENACT). 
This task was carried out under the general guidance of ER1-Kohanoff and ER5-Rooney. 
 

2. The second part of this task, consisting of proposing modifications to the nanoparticles, surfactant and 
base fluid, has not been fully addressed. Some ideas arose from the combined results of simulation and 
experimental studies, but there were no human resources available to continue this investigation. A 
Masters project was proposed, but no student took it. 

 
Results: 
 
1. Thermal conductivities were measured using a Laser Flash Analyzer for a variety of compositions and 

conditions. In Figure 4.1 we address the effect of introducing graphene flakes and CNT at two different 
concentrations, by comparing with the conductivity of pure water. We can observe that the addition of 
0.1% vol graphene results in a doubling of the conductivity, and an even bigger enhancement is 
observed for CNT (150%). The enhancement at 0.05% vol is more modest, but nevertheless non-
negligible. For both systems, it goes from 0.5 to about 1 W/mK. This proves that nanoparticles increase 
thermal conductivity. 

 
Figure 4.1: Thermal conductivity of graphene/water and CNT/water systems for 0.05% and 0.1% vol 
concentration of nanoparticles, as a function of temperature in the range 25 – 50 degrees Celsius. 



Values for pure water obtained with the same setup and instrument are reported for comparison. The 
dip between 27 and 23 degrees is due to characteristics of the experimental setup. 
 
Surfactants: We then studied the effect of two different surfactants, Sodium Dodecyl Suphate (SDS) 
and Sodium Dodecyl Benzene Sulphonate (SDBS), of both, graphene and CNT nanoparticles, for 
different concentrations. Results are shown in Figure 4.2 for SDS (left) and SDBS (right), respectively. 
For CNT, the addition of SDS results in a further increase of conductivity, while in the case of graphene 
the effect is the opposite. The same behaviour is observed for SDBS. This is puzzling, and we don’t have 
an explanation yet, but it probably has to do with the binding properties of surfactants to graphene and 
CNT. 
 

 
 
Figure 4.2: Thermal conductivity of graphene/water and CNT/water systems for 0.05% and 0.1% vol 
concentration of nanoparticles, with the addition of SDS (left) and SDBS (right) surfactant, as a function 
of temperature in the range 25 – 50 degrees Celsius. Values for pure water obtained with the same 
setup and instrument are reported for comparison. 
 
In Figure 4.3 we show a comparison of results for graphene flakes. For 0.05% vol concentration of 
graphene flakes, there is a 100% increase (red line), which is virtually unchanged when SDBS surfactant 
is added. However, the addition of SDS surfactant results in a substantial decrease to a value that is 
only 40% larger than the water conductivity. Therefore, coating with SDS is detrimental to the 
conducting properties of the nanofluid. Results are similar for 0.1% vol concentration, but the artificial 
dip in the black line makes this analysis somewhat unreliable, so we prefer not to comment further on 
this. Further experiments are needed to clarify this matter. 

 

 
 

Figure 4.3: Thermal conductivity of graphene/water systems for 0.05% and 0.1% vol concentration of 
nanoparticles, with and without the addition of SDS and SDBS surfactant, as a function of temperature 

20 25 30 35 40 45 50 55
Temperature °C

0.4

0.6

0.8

1

1.2

1.4

1.6

T
h

er
m

al
 C

o
n

d
u

ct
iv

it
y

 (
W

/m
K

)

G/H2O_0.1_V%

G/H2O_0.05_V%

G/SDS_0.1_V%

G/SDS_0.05_V%

G/SDBS_0.1_V%

G/SDBS_0.05_V%

Pure H2O



in the range 25 – 50 degrees Celsius. Values for pure water obtained with the same setup and 
instrument are reported for comparison. 
 
In Figure 4.4 we show a comparison of results for CNT. Here the results are contrating (and more in line 
with what is expected) in the sense that the addition of SDS surfactant increases the conductivity, while 
the SDBS decreases it. 

 

 

Figure 4.4: Thermal conductivity of CNT/water systems for 0.05% and 0.1% vol concentration of 
nanoparticles, with and without the addition of SDS and SDBS surfactant, as a function of temperature 
in the range 25 – 50 degrees Celsius. Values for pure water obtained with the same setup and 
instrument are reported for comparison.  
 
Base fluid: Preliminary experiments have been carried out using paraffin wax as a base fluid, instead of 
water, for CNT and graphene flakes ad different concentrations. Paraffin’s conductivity increases across 
the solid-liquid phase transition at about 55 degrees Celsius. The addition of nanoparticles appears to 
decrese conductivity on the liquid phase, while increasing it in the solid phase, as shown in Figure 4.5. 
More experiments are needed to understand this system better. 

 
Figure 4.5: Thermal conductivity of CNT and graphene/paraffin wax systems for 0.05% and 0.1% vol 
concentration of nanoparticles. 
 
The results of the graphene/water system prompted further investigations into the morphology of the 
graphene flakes. Simulations indicate that, due to the hydrophobic interactions between carbon and 
water, there is an insulating vacuum layer above and below the flakes, which should result in a 
decrease in conductivity. However, the experiment shows an enhancement. Experimental 



characterization using SEM, XRD, and EDS suggest the presence of oxygen in the samples. Therefore, 
we believe we may be in the presence of graphene oxide (see Figure 4.6) instead of pure graphene. 
These would bind better to the water via hydrogen bonds, and produce a conductivity enhancement. 

 
Figure 4.6: (a) Graphene oxide, and (b) Reduced graphene oxide.  

 

2. No results regarding possible modifications of the nanofluid can be proposed at the present stage, 
without further investigation.  
 

Status: Experiments are interesting and indicative, but inconclusive. More experimental work is needed to 
characterize the properties of these systems, to evaluate error bars properly, and to study different 
modifications. Results, however, are not too promising in terms of enhancement of thermal conductivities 
using graphene flakes and CNT, hence the continuity of this project is not obvious. A good assessment is 
required before committing more resources (if available), so it was decided to defer any further 
investigations to a later time, outside the timeframe of ENACT. 

_______________________________________________________________________________________ 

 

1.2.5. WP5: Biomimetic Membranes 

Objective: The main objective is to carry out a comprehensive computational study of lipid bilayers 
supported on electrified surfaces, aiming at identifying and quantifying the changes in structural, dynamical 
and dielectric properties of the bilayer due to: (i) the proximity of the solid support, (ii) the nanometric water 
layer in between the electrode and the lipid bilayer, and, especially, (iii) the application of a perpendicular 
electric field through the bilayer. 

Current status:  

 

Task 5.3: To investigate pores nucleation in phase-segregated lipid bilayers 

Lead participants: ER17-Del Pópolo (UNCUYO) and ER13-English (UCD). 

Secondments: ER17-Del Pópolo visit UCD in March 2017, and ER13-English (UCD) visited UNCUYO in Oct-
Nov 2017. 

Actions: 

1. ER17-Del Pópolo and ER13-English wrote a paper based on earlier results by ESR22-López-
Martí. 



Results:  

Phase segregation of multicomponent lipid bilayers under phase-coexistence conditions leads to domain 
formation, featuring delimitation by essentially one-dimensional borders. (Micro)phase segregation of 
bilayers is proposed to influence the physiological behaviour of cell membranes and provides the driving 
force for lipid-raft formation. Experiments show a maximum on the electrical-conductivity of membranes at 
the phase-transition point, which has been conjectured to arise from border-nucleated transmembrane-
conducting defects or pores. However, recent electroporation experiments on phase-segregated bilayers 
demonstrate electro-pore detection in the liquid disordered phase (Ld), wherein they diffuse over 
macroscopic periods without absorption into the liquid ordered phase (Lo).  

We scrutinised transmembrane-pore formation via molecular dynamics simulations on a multicomponent 
phase-segregated bilayer. We found that pores created in Lo domains always migrate spontaneously to the 
Ld phase, via ‘recruitment’ of unsaturated lipids to the pore's rim to transport the pore to the fluid phase 
under a large stress-field driving force (Figure 5.1).  

 

Figure 5.1: Time evolution of a transmembrane pore in a phase segregated DPPC(Blue):DIPC(Red):CHOL(Yellow) 
bilayer. The order parameter ξ is harmonically restrained to ξ0=0.8 (R~1nm). The time progression of the sequence is, 
from left to right, 0.01® 0.073 ® 0.25 ® 1.7μs. The pore, created at the centre of the Lo domain, is hydrophilic; water 
clearly crosses the bilayer - highlighted in green. In all cases investigated (ξ0 = 0.5, 0.6, 0.8), the pore, sitting at the 
region of maximal membrane curvature, induces immediately local membrane bending. Concomitantly, the pore rim, 
which contained initially only DPPC and cholesterol commences recruiting unsaturated (mobile) DIPC lipids (second 
panel), so the pore migrates toward the fluid phase, eventually crossing one of the domain borders, staying at the Ld-
slab centre. Once the pore reaches Ld, bending stress is released and the membrane flattens (right panels). 

Once in Ld domains, pores migrate towards their centre, never returning or pinning to Lo. These findings 
were explained by thermodynamics. By comparing the free-energy cost for creating pores in the bulk of Ld 
and Lo membranes (Figure 5.2), and in the phase-segregated system, we showed that it is always more 
energetically tractable to create pores in Ld domains, independently of the pore size. On one side, our 
results explain why electro-pores are experimentally observed in Ld; on the other, the mobile-lipid 
‘cloaking’ mechanism revealed by the simulations points to a line-tension moderation mechanism (i.e., 
border recruitment of unsaturated lipids) that offers the intriguing possibility to aid nanoparticle- or 
macromolecule- diffusion in lipid-bilayer systems by amassing a mobile-lipid skin. 



 

Figure 5.2: Pore formation free energies DG(ξ) and DG(R) for a pure Lo bilayer (continuous blue lines), a pure 
Ld phase (dashed red lines), and the phase segregated membrane (black lines with circles). The inflection 
point in DG(ξ) allows to identify DGn, which marks the appearance of the first hydrophilic pore. Straight-line 
fittings to the linear regions of DG(R) allow to extract the membrane line tension . Notice that pores of 
any size are created more easily in Ld. For the phase-segregated system, creating a pore in the Ld domain is 
slightly costlier than in the bulk of a pure Ld phase, suggesting the domain borders proximity renders the 
pore more unstable. 

Status: Research strand finished. Paper published in PCCP. 

 

Task 5.4: To compute the thermodynamic cost of inserting nanoparticles into lipid bilayers. 

Lead participants: ER17-Del Pópolo (UNCUYO) and ER2-Tribello (QUB). 

Secondments: ER20-Klug has  completed an 11-month secondment at QUB (Apr 2016 to Mar 2017), 
working under the supervision of and ER2-Tribello who visited UNCUYO in Apr 2017. ER28-Triguero (QUB) 
visited UNCUYO Jun-Aug 2017. 

Actions: 

1. ER20-Klug computed free-energy surface as a function of two reaction coordinates, the distance 
between the NP and the membrane centre, and a collective variable that drives the formation of a 



hydrophilic pore beneath the nanoparticle. Extensive metadynamics simulations were conducted with 
the assistance of ER2-Tribello.  

2. In parallel to the previous actions ER2-Tribello and ER28-Triguero implemented a reaction coordinate in 
PLUMED that allows to measure the distance between the nanoparticle and the instantaneous 
membrane surface. ER20-Klug run extensive metadynamics simulations using this reaction coordinate.  

Results:  

A reaction coordinate that can be used when investigating binding to dynamical surfaces with molecular 
dynamics was introduced. This coordinate measures the distance between the adsorbate and an iso-
contour in a density field. Furthermore, the coordinate is continuous so simulation biases that are a 
function of this coordinate can be added to the Hamiltonian in order to increase the rate of 
adsorption/desorption. The efficacy of this new coordinates was demonstrated by performing 
metadynamics simulations to measure the strength with which a hydrophilic nanoparticle binds to a lipid 
bilayer. An investigation of this binding mechanism that is performed using this coordinate showed that the 
structure of the lipid bilayer undergoes a series of concerted changes in structure as the nanoparticle binds. 
Figure 5.3 illustrates how the reaction coordinate works.  

 

Figure 5.3: An illustration showing how the distance from countour CV that we have introduced is defined. The left 
panel shows a snapshot of the simulated system. The atoms in the nanoparticle are in red, the lipid heads are in 
orange and the lipid tails are in cyan. The two intrinsic-surfaces, which we use to describe the spatial extent of the 
membrane, are shown in blue. These surfaces are shown again in the central panel, together with lines that indicate 
how the distances from the closest and other surfaces of the membrane, z(1) and z(2), that appear in equation 4 are 
measured. The graph in the right panel shows show the final CV, s = (z −z(1))(z −z(2)), depends on the Z-coordinate of 
the nanoparticle. The green shading is used to indicate that this CV is negative when the particle is inside the 
membrane and positive when the particle is outside the membrane.  

Status: Several papers in the pipeline. Research line still active.  

 

Task 5.5: To use the knowledge gained to suggest modifications of the system and the applied conditions 
(electric fields, pressure, and temperature) to facilitate the selective passage of ions through the 
membrane. 

Lead participants: ER17-Del Pópolo. Work carried out by ESR20-Klug and ESR25-Via from UNCUYO. ER2-
Tribello and ER28-Triguero (QUB) and ER13-English (UCD) also participated. 



Secondments: ER20-Klug has completed an 11-month secondment at QUB (Apr 2016 to Mar 2017), 
working under the supervision of and ER2-Tribello who visited UNCUYO in Apr 2017. ER28-Triguero (QUB) 
visited UNCUYO Jun-Aug 2017. 

Actions: 

1 ESR25-Via computed the free energy profiles for the insertion of two cell penetrating peptides (CPP), 
R9 and R8W3, inside a lipid bilayer under different electrostatic potentials. CPP were chosen as model 
ionic species as they are currently being used to deliver cargos, like macromolecules, across cell 
membranes. 

2 ESR25-Via calculated the energy cost for the insertion of R9 inside a lipid bilayer holding different 
charge densities. For this purpose, the negative phospholipid concentration in the bilayer was 
progressively increased from a non-charged bilayer, and the free energy profiles obtained for each 
condition. 

Results: 

1 In the absence of electrostatic bias, the free-energy profiles for the translocation of the peptides depict 
similar features (Figure 5.4): a weak minimum, indicating the adsorption of the peptide on the lipid 
surface, and a maximum, when the peptide reaches the centre of the bilayer. This maximum is 
associated to the formation of a membrane pore and constitutes a free-energy barrier for the 
translocation process.  

 

 
 

Figure 5.4: (Left) Free-energy profiles, ΔG(z), for the insertion of a single R9 (top) or R8W3 molecule 
(bottom) into a DOPC bilayer. The different curves correspond to ionic imbalances of 0, 2, 4 and 8 sodium 
ions between the solutions surrounding the membrane. The cyan and orange vertical lines show the location 
of the centre and the surface of the bilayer, respectively. Profiles are zeroed at the centre of the solution 
that contained the CPP. (Right)  Instantaneous configuration showing R9 at the centre of the bilayer. The 
CPP induces the formation of a toroidal hydrophilic pore whose rim, defined by the hydrophilic head of 
DOPC (pink spheres), tightly binds to the peptide while leaving its counterions outside. Red and yellow 
spheres represent Cl- and Na+ ions, respectively. DOPC tails are depicted in green. Nominal DF=0. 

 

The height of the barrier decreases significantly as the electrostatic bias increases. These findings indicate 
that CPP translocation is facilitated by transmembrane potential, while non-CPP transport remains 
unaffected by the electrostatic bias. Both R9 and R8W3 generate a toroidal hydrophilic pores when 



reaching the centre of the bilayer. The tryptophan residues insert their hydrophobic groups inside the 
membrane core, but the peptide backbone remains hydrated. Consequently, a good part of the 
translocation energy barrier is associated to the formation of a water channel across the membrane. 

2 The first step in the internalization process of cell penetrating peptides is the adsorption of the 
peptides onto the external wall of the cell membrane. This step is supposed to be driven by 
electrostatic forces. We proved that increasing the negative surface charge in the bilayer (by adding 
negative DOPG phospholipids), a negative adsorption free energy is developed, which in turn, delivers a 
more favorable absorption of R9 inside the lipid bilayer (Figure 5.5). 

 

Figure 5.5: Free-energy profiles, ΔG(z), for the insertion of a single R9 into a DOPC-DOPG bilayer. The 
different curves correspond to DOPG percentages of 10, 30 and 50 in the lipid bilayer (black, red and green, 
respectively). The orange vertical dashed line shows the location of the surface of the bilayer. Profiles are 
zeroed at the centre of the solution that contained the CPP 

_______________________________________________________________________________________ 

 

1.2.6: WP6: Mechanochemistry 

Objectives: The ultimate goal of WP6 is to determine the optimal choice of solvent (if any) and external 
conditions (mechanical energy, frequency of motion) to improve the selectivity and yield of the desired 
product in mechanochemical reaction(s). To this end, we have selected a system composed of two 
pharmaceutical compounds, aspirin and meloxicam, which has been co-crystallized by ball milling with and 
without the addition of a small amount of chloroform. The advantage of this system is that bonding in the 
crystal is dominated by hydrogen-bonding and dispersion interactions. Therefore, it is possible to simulate it 
using empirical force fields. 

Current status: The research corresponding to this work package was finished by December 2016, and 
results from Tasks 6.1 and 6.2 were presented entirely in the mid-term report in April 2017. Tasks 6.3 to 6.5 
will be presented here. 

 

Task 6.3: To perform large-scale force-field simulations of the nano-indentation of two crystals without 
solvent. Analysis of molecular transfer and retractive ductility. 



 

Lead participants: ER17-Del Pópolo and ER18-Bringa. Task carried out by ESR9-Ferguson (QUB) and ESR23-
Moyano (UNCUYO). ER1-Kohanoff and ER2-Tribello also participated. 

Secondments: ESR9-Ferguson visited UNCUYO Apr-Nov 2015 and Feb-May 2016 to work in collaboration 
with ER18-Bringa and ER17-Del Pópolo. The latter two visited QUB in Feb 2015 and June 2016, while ER1-
Kohanoff visited UNCUYO in Oct 2015 and May 2016. ESR23-Moyano visited QUB June-Dec 2016. 

Actions: 

We simulated collisions of nano-clusters of aspirin and meloxicam under neat conditions. The simulated 
impacts were performed with nano-cluster incident velocities in the range of 0.5-4.0 m/s. Through these 
methods we were able to assess the extent of transfer of material during the mechanochemical event. 

Results:  

Simulations show mixing of aspirin and meloxicam as a direct result of the mechanochemical stress applied 
to the system. In this task the simulations were focused on frontal indentations between two nano-clusters. 
The indentations began with the two pure nano-clusters separated by 5 Å along the x-axis. From here, the 
nano-clusters were forced together at speeds in the aforementioned range, until a maximum indentation of 
25 Å was achieved. At that point the nano-clusters were retracted at the same speed as the indentation 
until such a point that two separate nano-clusters were, once again, observable. 

 

Figure 6.1: Images of the configurations during a simulated indentation, with nano-cluster speeds of 4 ms−1 , 
of the nano-clusters of meloxicam (red) and aspirin (blue) at the (a) initial configuration, (c) point of 
maximum indentation, (e) during the existence of the connective neck and (g) final configuration. The plots 
of the linear density of molecules of meloxicam (red) and aspirin (blue) along the x–axis for each 
configuration are given as (b), (d), (f) and (h) respectively. 



Using a molecular density profiling program written by ESR23-Moyano we were able to project the 3D 
positions of the molecules onto a 1D graph, along the x-axis, throughout the simulation. Thus, we were able 
to determine the exact number of aspirin (blue) and meloxicam (red) molecules that were transferred to 
the opposing nano-cluster, Figure 6.1. In which panels (b), (d), (f) and (h) show the linear density profiles 
for aspirin and meloxicam for selected configurations during a simulated indentation. Clearly visible is the 
overlapping of of the profiles (d), the formation of a connective neck between the two clusters (f) and the 
final transfer achieve upon the cleavage of said connective neck. From this analysis we found that the 
original, relative orientation of the nano-clusters has a great effect of the on the quantity of material that is 
transferred during the first indentation between two nano-clusters. 

We also noted that the relative orientation also has an effect on the length of the connective neck formed 
during the retraction stage of the simulation. We found that in the cases where the connective neck was 
larger, an increase on material transfer was observed. From this observation, ESR9-Ferguson wrote a code 
to determine the length of the connective neck formed between the two nano-clusters during the 
retraction stage of the simulation. This analysis showed that the length of the connective neck formed 
between the two nano-clusters was highly dependent on the relative orientation of molecules within the 
clusters. Also, it was found that longer connective necks coincided with higher levels of material transfer 
between the two nano-clusters. We have therefore postulated that the ductility of the connective neck is a 
key factor with respect to single mechanochemical indentations. A key point here is the terminology, 
“single indentations”, as it is important to note that this is the case only for a single head-on indentation of 
the nano-clusters. In this investigation we did note tackle multiple indentations. The principal reason for 
this is the inherent variability of collisions in a mechanochemical reaction. It cannot be assumed that the 
same two nano-clusters would return to indent along the same vector with the same orientation 
immediately after the initial contact. Therefore, any subsequent simulated indentations would require 
random internal rotations of the nano-clusters and this would then require a large statistically significant 
study before further conclusions could be made. 

Status: This task is now complete. A paper will be submitted in 2018. Results are described to great detail in 
the PhD thesis of Dr Michael Ferguson (QUB, Thesis defended 17-02-2017). 

 

Task 6.4:  To elucidate the role of a solvent in a mechanochemical reaction from both computational and 
experimental approaches. 

Lead participants: ER4-James, ER17-Del Pópolo and ER18-Bringa. Task carried out by ESR9-Ferguson (QUB), 
ESR23-Moyano (UNCUYO) and ER33-Crawford (QUB). ER1-Kohanoff also participated. 

Secondments: ER1-Kohanoff and ER2-Tribello visited UNCUYO in May 2017. 

Actions:  

Co-crystallisation experiments between aspirin and meloxicam were performed on the 0.5mmol scale using 
a range of frequencies (10-25Hz) and a range of added solvent (0-0.2 mol. equiv. CHCl3), using a Restch 
MM400 vibrational ball mill. Simulations were performed in the same manner as outlined in Deliverable 
6.1, in that we simulated collisions of nano-clusters of aspirin and meloxicam which were coated in a partial 
monolayer of CHCl3. Once again, the simulated impacts were performed with nano-cluster incident 
velocities in the range of 0.5-4.0 m/s. Through these methods we were able to study the potential 
accelerative effect of the added solvent on the transfer of material during the mechanochemical event. 

Results: 

The experiments show that, contrary to the original work of Cheney et al. [J. Pharm. Sci., 2011, 100, 2172–
2181], chloroform is not required to form the desired co-crystal in a quantitative manner. In fact, we are 



able to obtain the co-crystal under neat grinding conditions with a 20% decrease in grinding frequency 
(20Hz) when compared to Cheney’s work as shown in Figure 2 (green). 

Figure 6.2: Comparison of PXRD patterns for the products of attempts to form the aspirin:meloxicam co-
crystal under neat grinding conditions at frequencies of 20 Hz (green) and 15 Hz (purple) with the predicted 
pattern of the confirmed co-crystal (black, CSD code ARIFOX). 

Upon the addition of small amounts of chloroform we found that we could obtain the co-crystal 
quantitatively at frequencies as low as 10Hz with the addition of 0.1 molar equivalents of chloroform as 
shown in Figure 3 (orange). These results prove that chloroform is acting as an accelerant in the 
mechanochemical co-crystallisation of aspirin and meloxicam. The addition of 0.1 molar equivalents of 
solvent is enough to allow us to reduce the grinding frequency by half (10Hz). However, from the 
experimental investigation we cannot deduce the role of the solvent in a more specific manner as in-situ 
Raman spectroscopy analysis for mechanochemical reactions is still under development. 

Figure 6.3: Comparison of PXRD patterns for the products of attempts to form the aspirin:meloxicam co-
crystal at 10 Hz under LAG conditions with 40 μl (orange) and 20 μl (brown), of CHCl3 with the predicted 
pattern of the confirmed co-crystal (black, CSD code ARIFOX) 

Therefore, we turned to the aforementioned molecular dynamics simulations. The simulations, again, were 
focused on frontal indentations between two nano-clusters. This time, however, the nano-cluster had a 
≈25% mono-layer of CHCl3 applied. The indentations began with the two pure nano-clusters separated by 5 
Å along the x-axis. From here, the nano-clusters were forced together at speeds in the aforementioned 
range, until a maximum indentation of 25 Å was achieved. At that point the nano-clusters were retracted at 



the same speed as the indentation until such a point that two separate nano-clusters were, once again, 
observable. 

In Figure 6.4 the linear molecular density along the x-axis is shown, and when compared to Figure 1 we can 
note clear similarities in the process of material transfer. So similar, in fact, are the results of the two 
investigations that the levels of material transferred for the two systems are almost identical.  Studying the 
connective neck elongation reveals a slightly surprising result.  The partial monolayer of chloroform serves 
to increase the ductility of the connective neck, and therefore allow for greater elongation by 20%, on 
average. The surprise is that contrary to our previous determination, there is no observable increase in the 
quantity of molecular transfer.  

The combination of the results from computational and experimental approaches leads us to deduce that, 
while the solvent has a profound accelerative effect on the complete mechanochemical reaction, this effect 
is not observed during the very early stages.  We envisage that the role of the solvent appears once the 
starting materials of a reaction have been homogenised. At this point we believe that very small volumes of 
supersaturated solvent/reactant mixtures will lead to faster nucleation of the desired product, providing a 
reduced energy pathway for the mechanochemical reaction. 

Figure 6.4:  Images of the configurations during the simulated indentations, with nano-cluster speeds of 4 

ms−1 , of the partially solvated nano-clusters of meloxicam (red) and aspirin (blue) at the (a) initial 
configuration, (c) point of maximum indentation, (e) during the existence of the connective neck and (g) 
final configuration. The plots of the linear density of molecules of meloxicam (red) and aspirin (blue) along 
the x–axis for each configuration are given as (b), (d), (f) and (h) respectively. 



Status: This task is now complete. Results are part of a publication submitted in August 2018, and are 
described to great detail in the PhD thesis of Dr. Michael Ferguson (QUB, Thesis defended 17-02-2017). 

_______________________________________________________________________________________ 

1.2.7. WP7: Training 

Objectives: To organize the secondments of ESRs and ERs from UNCUYO to QUB, UCD and ISIS, and vice 
versa. The aim is to create a cohort of researchers that embrace the philosophy of using a knowledge-based 
approach to generate a new generation of materials and chemical processes that engage with the global 
energy, environmental and health agendas. 

Current status: The formal training finished in June 2016. There were no specific training events in 2017. 
Training continued via supervision during secondments.  

_______________________________________________________________________________________ 

 

1.2.8. WP8: Outreach 

Objectives: To engage with the general public to communicate how scientific research is being used for the 
benefit of society at large. It is particularly important to reach the new generations and attract them 
towards STEM subjects, especially to the growing area of modelling and simulation in Chemistry, Physics 
and Engineering. A second objective it to reach industry and governing bodies to explore translational and 
commercial exploitation aspect of the research. 

 

Task 8.1: To produce short videos showing the most successful achievements of the ENACT project. To 
upload them in the Websites of the partners and Professional networks, to publicize the research through 
University dissemination channels, and to upload them in broad dissemination internet channels such as 
YouTube. 

Lead participants: All the ERs in ENACT. 

Secondments: None for this task. 

Actions: 

 

1. Publications appeared during 2017: 

• On the Mechanism of the Iodide–Triiodide Exchange Reaction in a Solid-State Ionic Liquid, Joás 
Grossi, Jorge J. Kohanoff, Niall J. English, Eduardo M. Bringa, Mario G. Del Pópolo, J. Phys. Chem. B 
121(26), 6436-41 (2017). 

• Molecular Explanation for the Abnormal Flux of Material into a Hot Spot in Ester Monolayers, 
Vanesa V. Galassi, Mario G. Del Popolo, Thomas M. Fischer, Natalia Wilke, J. Phys. Chem. B 121(22), 
5621-32 (2017). 

• Molecular-level insight into the binding of arginine to a zwitterionic Langmuir monolayer, Joaquín 
Klug, Diego Masone, Mario G. Del Pópolo, RSC Advances 7(49), 30862-9 (2017) 

 



 

2. Presentations: During the third year ENACT members have presented their work at various 

Conferences, Workshops, and invited talks at academic institutions. These are listed below: 

 

GENERAL  

• “State-of-the-art research, European funding, and the benefits of international cooperation” (oral), 
Jorge Kohanoff, Science Uncovered, European Researchers Night, 20th September 2017, Ulster 
Museum, Belfast (UK). 

• “Marvellous materials – computer support for chemical technologies” (poster), Joaquin Klug, Science 
Uncovered, European Researchers Night, 20th September 2017, Ulster Museum, Belfast (UK). 

 

 



WP1 

• “Confined liquids studied by total neutron scattering” M. Falkowska (oral). 3rd UK Catalysis Conference, 
Loughborough, UK. 4-6 January 2017. 

• “Structure of liquids in the MCM-41 pores”.  M. Falkowska (invited). The ISIS Disordered Materials 
Group meeting, Abingdon, UK. 14-15 February 2017 

 

WP2 

• “Porous Liquids and Solvent-free Continuous Synthesis by Mechanochemistry”. Stuart James. Seminar, 
Department of Chemistry, Cardiff University, 4th December 2017.  

• “Porous Liquids and Solvent-free Continuous Synthesis by Mechanochemistry”. Stuart James. (Invited 
lecture).  The Nanospace Science of PCP for Molecular Control – Application and Development. 27-28 
November, Kyoto University, Japan. 27th-28th November 2017. 

• “Porous Liquids and Solvent-free Continuous Synthesis by Mechanochemistry”. Stuart James. (Invited 
lecture). Gordon Research Conference, Nanoporous Materials and Their Applications, Andover, NH, US. 
6-10 August 2017. 

• “New developments in Porous Liquids”. Stuart James. RSC 13th International Conference on Materials 
Chemistry (MC 13). 10-13th July 2017.  

• “Porous Liquids and Solvent-free Continuous Synthesis by Mechanochemistry”. Stuart James. (Plenary 
lecture). XX Congreso de Physicoquimica et Quimica Inorganica, Córdoba, Argentina, 16th-19th May 
2017. 

• “Porous Liquids and Solvent-free Continuous Synthesis by Mechanochemistry”. Stuart James. (Invited 
lecture). STFC Abingdon 14th-15 February 2017. 

• ''Type-3 porous liquids'' (oral), Min Ying Tsang. Inorganic Ireland Symposium, Dublin, Republic of 
Ireland, 16 May 2017. 

• ''Type-3 porous liquids'' (poster),  Min Ying Tsang. EuroMOF 2017, Delft, Netherlands, 29 October - 2 
November 2017. 

 

WP5 

• “Pores nucleation and transport of nanoparticles across biomembranes”, Mario G. Del Pópolo,  
II Workshop Física- SL 2017. San Luis, Argentina, October 2017 
 

• “Pores nucleation and transport of nanoparticles across biomembranes”, Mario G. Del Pópolo, 
Facultad de Ciencias Aplicadas a la Industria, UNCUYO, San Rafael, Mendoza, Mar h 2017. 
 

• "Molecular dynamics simulation of the translocation process of a cell penetrating-
peptide/nanoparticle complex through a lipid bilayer", Joaquin Klug, 27th April 2017.   

 

WP6 



• “Porous Liquids and Solvent-free Continuous Synthesis by Mechanochemistry”. Stuart James. Seminar, 
Department of Chemistry, Cardiff University, 4th December 2017.  
 

• “Porous Liquids and Solvent-free Continuous Synthesis by Mechanochemistry”. Stuart James. (Invited 
lecture).  The Nanospace Science of PCP for Molecular Control – Application and Development. 27-28 
November, Kyoto University, Japan. 27th-28th November 2017. 
 

• “Fundamentals, Scale-up and Commercialisation of Mechanochemical Synthesis”. Stuart James. 9th 
International Conference on Mechanochemistry and Mechanical Alloying (INCOME 2017). 4th 
September 2017.  

 
•  “Porous Liquids and Solvent-free Continuous Synthesis by Mechanochemistry”. Stuart James. (Invited 

lecture). Gordon Research Conference, Nanoporous Materials and Their Applications, Andover, NH, US. 
6th-10th August 2017. 

 
• “Estudio de la Reacción Mecanoquímica Entre Aspirina y Meloxicam”, Michael Ferguson. FCEN-

UNCuyo, Argentina, 15th June 2017. 
 

• “Porous Liquids and Solvent-free Continuous Synthesis by Mechanochemistry”. Stuart James. 
(Plenary lecture). XX Congreso de Fisicoquimica y Quimica Inorganica, Córdoba, Argentina, 
16th-19th May 2017. 

 
• “Porous Liquids and Solvent-free Continuous Synthesis by Mechanochemistry”. Stuart James. 

(Invited lecture). STFC Abingdon 14th-15 February 2017. 
 

• “Sustainable Synthesis by Mechanochemistry: Fundamentals and Scale-up by Extrusion 
Techniques” (Keynote lecture). Stuart James. 7th Euchem Chemistry Congress, Liverpool, 26th-
30th August 2018. 

 

_______________________________________________________________________________________ 

 

2. Corrective Measures 

2.1 Please explain any delays accumulated in the secondments / activities / deliverables foreseen in the 
Grant Agreement and the measures taken to oversee them. 

1. Deviations in tasks indicated in Work Packages 

WP1 

The original project was to study the structure and dynamics of room-temperature ionic liquids in a MOF. 
For the reasons explained in Deliverable 1.1, i.e. severe difficulties with the interpretation of experimental 
data, we decided to defer the study of confined ionic liquids to a later time. We expected to resume this 
during a visit by ER16-Youngs (ISIS) to UNCUYO in Apr-May 2017, but unfortunately he took severely ill and 
could not travel. Instead, we addressed the topic of structural and dynamical properties of benzene and 
cyclohexane confined in Cu-BTC MOF and in bulk phase, which were amenable to experimental studies. 
Since these are neutral molecules, there is no charge transfer involved.  

Task 1.3: ER19-Masone (UNCUYO) was supposed to be seconded to UCD to work on linear response and 
non-equilibrium MD simulations in RTIL. Since eventually he did not join the project, he was replaced by 



ESR19-Chiarpotti, who could not go on secondment until summer 2017 due to EC requirements (6 months 
research experience). Therefore, this part of the project was carried out by ESR19-Chiarpotti at UNCUYO as 
part of her undergraduate Master project. Due to this change and the different expertise available in 
UNCUYO, ESR19-Chiarpotti performed this task using the an alternative technique, i.e. equilibrium MD and 
mean square displacements, focusing on benzene and cyclohexane confined in Cu-BTC MOF, instead of 
ionic liquids. 

Task 1.4: This was carried out, again for the confined aromatics, by ESR19-Chiarpotti at UNCUYO. It was 
supposed to be supervised by ER2-Tribello at QUB, but ESR19-Chiarpotti could not travel until August 2017 
for the reasons explained above. 
 

WP3 

Task 3.3: Only the model of charge transfer processes in the IL has been addressed. Due to lack of human 
resources, the study of charge transport at the IL-dye interface was deferred to a later time, beyond the 
timeframe of the ENACT project. The problem of electron transport was originally envisaged to be tackled 
in two steps: firstly, the injection of electrons into the oxide from the dye, and secondly the transport of 
electrons through the oxide towards the electrode. The first step is completed. The second step was 
deferred due to the lack of human resources. 
 

WP4 

Tasks 4.3 and 4.4: In previous reports it was mentioned that the study of the TiO2-water interface was 
being terminated due to difficulties with the tight-binding simulations, and also that the study of CNT-water 
systems was being replaced by simulations of graphene-water systems. This applied to Tasks 4.1 and 4.2, 
and now applied also to Tasks 4.3 and 4.4. 
  

WP5 

Task 5.3: Originally, this task was concerned with the analysis of the role and properties of the nanometric 
water layer trapped between a lipid bilayer and a solid support. This investigation was planned within the 
context of trans-membrane pore nucleation in solid-supported membranes. However,  we eventually 
decided to focus on free-floating membranes and, in particular, in phase-segregated membranes. Task 5.3 
is now “To investigate pores nucleation in phase-segregated lipid bilayers” 

WP6 

Task 6.3: In the original plan it consisted of carrying out ab initio MD simulations of the collision, where the 
forces were determined directly from electronic structure calculations. It was soon clear that this was 
computationally out of reach for the size of nanoparticles we needed to study. Therefore, this task was 
replaced with a second type of classical MD simulations, of the indentation of a planar slab with a tip. 

Task 6.4: Originally it consisted of simulating, at the ab initio MD level, another class of systems (catalyst 
oxides) for which classical force fields are not adequate. Not only this was outside the reach of 
computational resources, but the general complexity of the project required more effort to understand 
reaction mechanisms in the simpler system. We therefore re-directed the effort to the understanding of 
solvent effects in the co-crystallisation of aspirin and meloxicam, both computationally and experimentally 
via XRD. 

Task 6.5: could not be carried out because the in-situ Raman technique was not yet mature enough to be 
used reliably. 

Use of resources: 

General observation: Originally the project was planned for 37 months. However, at the time of signing the 
Grant Agreement, it was agreed with the PO to change this to the standard 48 months to simplify the 



scientific and financial reporting. We made use of this change to improve the balance of secondments 
between first and second reporting periods, from 117/32 to 64/85. In addition, we proposed some 
changes in delivery dates for the second reporting period deliverables to reflect the move from 37 to 48 
months. Changes in secondments during the period 01/01/2017 to 31/12/2017 are explained below and 
summarized in Table 1. 

Secondments 

Out of the 117 secondment months planned for the first reporting period, 64 took place, leaving 85 for the 
second reporting period. The main reason for the rescheduling of secondments was the change from 37 
to 48 months mentioned above. Of these 85, 39 were scheduled for the third year. Due to various 
circumstances, only 14 out of the 39, took place. The specific reasons are listed below. The summary of 
changes in distribution along the third and fourth year of the project are given at the end of each case, in 
the following form: 3 + 4 à 1 + 4 , where the first two numbers indicate the original allocation for years 3 
and 4, and the second group correspond to the new proposed allocation. Notice that the sum does not 
need to be the same.  

The forecast for the fourth year is that, of the 46 secondment months planned, only 36 will effectively take 
place. This means that the total for the second reporting period is expected to be 50 months instead of the 
85 planned, i.e. 35 months short. The total number of months over the four-year period will then amount 
to 114 instead of 149, i.e. 76% of the original allocation. 

 

• ER2-Tribello: A two-month secondment in May-Jun 2017 (months 29-30) had to be cut short to two 
weeks in Apr 2017. The reason was an increase in teaching and administrative load at QUB that 
interfered with travel plans. It is expected that the full month will be completed in the fourth year. 

Summary: 2 + 0 à 1/2 + 1/2 

• ER4-James: The secondment in May 2017 (month 29) took place, but reduced to 10 days instead of a 
full month, due to an increased administrative load at QUB. It is expected that the full month will be 
completed in the fourth year. The second month foreseen for the fourth year will not be possible, and it 
has been cancelled. 

Summary: 1 + 1  à 1/3+ 2/3 

• ER5-Rooney: The secondment in month 25 did not take place due to a heavy administrative load at QUB 
(Head of Teaching and setting up a QUB partnership in China). This, and a second visit in the fourth 
year, have been cancelled due to the non-availability of the ER. 

Summary: 1 + 1 à 0 + 0 

• ER6-Poulidi: The secondment in month 25 did not take place due to changes and delays in WP1. The 
part in which ER5-Rooney and ER6-Poulidi would have been involved (Task 1.5) has been assessed, and 
it was decided that there wasn’t enough background covered to attempt the design of MOF-based 
ceramic membranes. Therefore, this secondment has been cancelled. 

Summary: 1 + 0 à 0 + 0 

• ESR8-Cook: The original plan included a three-month secondment of ESR8-Thompson (QUB) to UNCUYO 
in the first year. This was cancelled due to personal reasons of the ESR. It was then rescheduled to the 
third year, changing to ESR8-Cook. Unfortunately also this second ESR decided not to take the 
opportunity for personal reasons, so eventually this secondment will not take place. This has had an 
impact on Task 4.5 in WP4.  



Summary: 3 + 0 à 0 + 0 

• ESR11-Borioni: A secondment planned for ESR11-Shields in Nov-Dec 2016 (Months 23-24) did not take 
place as the ESR left the project at QUB. Instead, it was replaced by a secondment in the opposite 
direction. ESR11-Borioni (UNCUYO) visited QUB in March 2017 (month 27), and will visit again in Apr-
Jun 2018 (fourth year). 

Summary: 0 + 0 à 1 + 3 

• ER12-Stavrakis: The secondment in month 25 did not take place due to changes and delays in WP1. The 
part in which ESR12-Stavrakis would have been involved (Task 1.5) was cancelled, and so has this 
secondment. 

Summary: 1 + 0 à 0 + 0 

• ER14-Dowling: The secondment planned for Jun-Jul 2017 (months 30-31) was cancelled due to time 
constraints as the ER undertook a time-onerous duty at UCD. 

Summary: 2 + 0 à 0 + 0 

• ER17-Del Pópolo: The secondment planned for July 2017 was cancelled due to personal circumstances, 
and deferred to the fourth year. 

Summary: 2 + 1 à 1 + 2 

• ER18-Bringa: The secondment planned for Feb 2017 was deferred to the fourth year, due to personal 
circumstances. 

Summary: 1 + 0 à 0 + 1 

• ESR19-Chiarpotti: The one-month secondment planned for June 2017 became 1.5 months in Sep-Oct 
2017. One month was taken from the fourth year. 

Summary: 1 + 7 à  1.5 + 6 

• ESR21: ESR21-Grossi was scheduled to spend 3 months at QUB in the third year (Feb-Apr 2016), and the 
remaining 2 month in the fourth year. Since he changed project for his PhD in UNCUYO, these 
secondments were reduced to short visits in Feb and Nov 2017, in relation to his ENACT involvement 
(WP3). 

Summary: 3 + 2 à 1 + 1 

• ESR22-Moyano Nora: This was a replacement for ESR22-Lopez Marti, who left the project in 2016. We 
had tentatively split this as 9+1 months in the second reporting period, hoping to identify a suitable ESR 
for WP5. This happened at a later stage than expected, and then the secondment shifted to the fourth 
year, with one month in the third year. 

Summary: 9 + 1 à 1 + 9. 

• ESR23-Moyano Silvina: A tentative re-assignment of 5+1 months was proposed for ESR23-Moyano 
Silvina in the second reporting period. Since the second report, difficulties were identified in her PhD 
work that prevented her from spending another period abroad. Therefore, this secondment was 
cancelled. 

Summary: 5 + 1 à 0 + 0. 



• ESR25-Via: A secondment was planned from Jan to May 2017. Instead, this was deferred to the fourth 
year and changed to three months for logistic reasons. 

Summary: 5 + 0 à 0 + 3 

• ER27-Galassi: A new ER from UNCUYO was incorporated, and was seconded to UNCUYO May-Jul 2017 
in relation to WP3. She will visit again for 2 months in the fourth year. 

Summary: 0 + 0 à 3 + 2 

• ER28-Triguero: A new ER from QUB was incorporated, and was seconded to UNCUYO Jun-Aug 2017 in 
relation to WP5. 

Summary: 0 + 0 à 3 + 0 

 

Table 1: Secondment months by reporting period in the original proposal and after the 1st, 2nd, and 3rd 

year revision. 

 Year 1 Year 2 Year 3 Year 4 
Total  First 

Period 
Total Second 

Period 

Original 64 53 23 9 117 32 

Revised 
31/1/16 

33 59 39 18 92 57 

Revised 
31/12/16 

33 31 39 46 64 85 

Revised 
31/12/17 

33 31 14 36 64 50 

 

 

2.2  Please indicate any potential risks identified and suggested approaches to mitigate them.  

• Secondments: The most important, extremely likely risk is that we will not be able to fulfil the 149 
secondment months scheduled in the proposal and agreed in the Contract with the EC. The reasons are 
varied, but in general they have to do with people moving, finishing contracts, illness, personal reasons, 
and unforeseen commitments like increased teaching loads. The best scenario we see at the moment is 
that 114 out of these will be completed (76%). We think this is quite reasonable given the 
circumstances. The obvious mitigation strategy is to incorporate other members to ENACT. We have 
indeed done this, and it was successful to some extent, but not completely. We will keep trying during 
2018. 

• Deliverables: We will most likely not be able to fully comply with some of the tasks, especially those 
related with the realization of the experimental synthesis and characterization. This will effect some 
deliverables, in particular: D1.3 -- IL-MOF synthesis: Synthesis of MOFs embedded in ceramic 
membranes, and loaded with IL, D3.3 -- DSSC design: Design of improved DSSC, and D4.3 -- Heat 



storage design: Improved heat storage system. We tried to convince the experimentalists in ENACT to 
face these tasks, but with varied success. It worked well for WP2 and WP5, but not for the others. We 
do not see any viable way to mitigate this problem for the other WPs. 

 

 

3. Ethical Issues 

Please indicate how the ethical issues have been addressed during the period covered by this report and 
mention all the approvals/authorisations already provided to the REA (if applicable). 

No ethical issues to be addressed. 

 

 

4. Additional information 

Please indicate any additional information which you may consider useful to assess the project 
implementation during the period covered by this report, including management issues. 

Nothing to add. 


