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Insight on nt-nt stacking interaction in system AuPh

As discussed in the main text, system AuPh present a shallow minimum at D = 1.20 nm. This
minimum corresponds to a dimeric phase where the phenyl rings of the two nanostructures, interact
via 1-Tt stacking. As visible form Figure S1, in this configuration the distance between faced phenyl
rings is about 0.42 nm, a value even smaller than the distance among faced benzene rings in the gas

phase.!
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Figure S1. Snapshot of system AuPh in its minimum 1-AuPh (D = 1.20 nm). Solvent molecules are

omitted for clarity. The picture contains an ellipsoid model of the nanoclusters, which eccentricity

e was calculated as the average of the instantaneous clusters’ eccentricities.



Potential energy surface of system AuPh in vacuo

In order to explore the relative contribution the attractive m-mt stacking interactions have on the fes
of system AuPh, compared to the repulsive coulombic interaction, we calculated through an MD
simulation, the potential energy surface of a system composed on two [Auas(SCH2CH2Ph)1g]?
nanoclusters in vacuo. From this simulation we extracted the total energy trend with respect to the
relative nanoclusters distance. The result of this analysis is reported in Figure S2. Here it is evident
how the coulombic repulsion dominates over the n-it stacking interactions, as confirmed by the high

accuracy of the hyperbolic fit, which indicates a typical coulombic tendency of the potential energy.
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Figure S2. Potential energy surface with respect to the mutual cluster distance for a system
composed on two [Auzs(SCH2CH2Ph)1s] nanoclusters in vacuo. Hyperbolic fit is pictured in red

line.



SASA analysis

To quantify the loss of nanocluster-solvent contact area when the two nanoclusters approach and
generate a dimeric structure, we here report the value of the nanocluster Solvent Accessible Surface
Area (SASA) with respect to the mutual cluster interdistance for system AuPh. As visible from Figure
S3, there is a net loss of SASA when the nanoclusters are interacting and this reflects into a loss of
stabilization given by the nanocluster’s solvation, which is maximum when the two clusters are

isolated.
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Figure S3. Solvent Accessible Surface Area (SASA) of one of the two [Au2s(SCH2CH2Ph)1g] ™t

nanocluster of AuPh nanoclusters system with respect to the mutual cluster-cluster distance



Results obtained with AMBER-compatible Force Field

In order to test the reliability of our calculations, we performed a metadynamics simulation on AuC;
system using a different force field. Among all the literature available force fields developed for
MPCs, we decided to employ the ones proposed by Pohjolainen et. al. in 2016 which is based on
AMBER.? During these calculations we adopted the same conditions employed for the other

metadynamics simulations, which are described in the computational details section.

At the beginning, the results obtained with this force field were not satisfying at all. Indeed, a visual
inspection revealed that after a few nanoseconds of simulations, the force field were not able to
maintain the bare structure of the nanoclusters, since cores and staples started to break in smaller
pieces and to randomly move inside the simulations box. This because, in the original force field, all
gold atoms have the same non-bonding parameters and no explicit bonding interactions among
core atoms is specified. Thus, the core should be kept intact only through non-bonding forces;
however our simulations demonstrated that the magnitude of this interaction are not high enough

to maintain the whole structure integer.

Thus, we modified the force field by splitting the gold atoms of a nanocluster into two groups: the
core atoms (which contains 13 of the 25 gold atoms) and the staples atoms (which contains the
other 12 gold atoms). Then we manually modified the non-bonding interaction parameters for the
13 gold core atoms by multiplying its strength by 10. With this modification, the structures were
kept intact all along the trajectory. The simulation ran for 200 ns and the obtained fes are reported

in Figure S4, together with the fes obtained with our OPLS based force field.

As visible from the plot, the two profiles are very different. In particular, the profile obtained with
the AMBER-based force field (red line) has its global minimum when the distance between the two
nanoclusters is about 1.45 nm, indicating a particularly stable dimeric phase, which is in strong
contrast with respect to the profile obtained with OPLS force field (black line). The free energy of

this minimum is -9.3 kJ/mol with respect to the non-interacting clusters configuration (D = 3 nm).



We believe that the presence of this deep minimum is a calculation artefact that can be explained
considering the following aspects:

1) The 10-fold increasing of the non-bonding interaction among the cores atoms naturally
stabilize configurations in which the cores are nearby, as in a short-distance dimeric
structure.

2) The original non-bonding parameters of gold atoms (which were adopted to describe the Au
atoms of the staples) were obtained in order to reproduce the Au-Au interatomic distance
of the bulk, which is much shorter than the average Au-Au distance in an MPC.3 This

obviously leads to a shorter dimer equilibrium distance.

For these reasons we believe that the result obtained with our OPLS-compatible force field is more

reliable than the one obtained with the AMBER-based force field.
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Figure S4. Free energy landscapes of system AuC,, obtained using two different force fields.



Description of the procedure adopted to draw the free energy profiles

In order to assure the convergence of the profiles, we adopted the following checking method.
First, for each system we printed 50 fes, relative to the last 50 ns of the trajectory (one for each
nanoseconds) and aligned them with the method presented by Tiwary et. al.* These allowed us
to remove the downshifts on the free energy given by the presence of different amount of hills,
while preserving their contribution to the global profiles shapes. The final curves were obtained
by averaging these aligned profiles, while the associated error bars represent the standard
deviations of the free energy values. In order to check if the obtained profiles were truly
representative of the free energy of the systems, we compared them with the ones obtained by
averaging the profiles over the last 20, 30 and 40 ns. If all these curves relay within the error bars,
the simulations have reached the convergence from 50 ns at least, and the only differences reside
on the statistics fluctuations connected to the nanocluster’s diffusion. An example of this

comparison is given in Figure S5.
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Figure S5. Free energy landscapes of system A, calculated by averaging (AVG) the aligned profiles
obtained during the last 20, 30, 40 and 50 ns. Since all curves are included within the error bars,

the simulation has reached the convergence.
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