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Figure 4.8: Final aggregates Snapshots of the final aggregates obtained from the unbiased
simulations of 27 NPs with just the Na+ counterions. The features of the aggregates are
similar to those obtained in the solution of NaCl at physiological concentration.

one, similarly to the one obtained from Run 4 (Figure 4.7) is an elongated ribbon
which span the whole simulation box, with its ends connected through the PBC
walls.

While the structures that we observe in the unbiased simulations appear to
be stable after few microseconds, we cannot exclude that they are the product of
kinetic, transitory effects. In order to confirm the thermodynamic nature of the
shape of these aggregates, we created several artificial configurations, in which the
NPs where placed as to form the aggregates seen for the other two compositions.
These configurations were initially kept in place using external biases on the
NPs cores for a microsecond, in order to allow the ligand shells to find the most
energetically favourable configuration. After this biased equilibration, we released
the structures in an unbiased run.

In each case, the artificial structure is not stable, and the hydrophobic contacts
(usually very strong) untie in few tens of nanoseconds in order to allow the NPs to
form the preferred structure. This confirms that the aggregates that we observe in
the unbiased simulations, and presented in Figure 4.5,4.6 and 4.7, are indeed the
most thermodynamically favourable, and not the effect of kinetic entrapment.

graph based aggregate analysis In order to better classify the structures
of the aggregates, we calculated the NP-NP rdfs in the last 3 µs of the simulations,
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Figure 4.9: Final aggregate analysis NP-NP radial distribution functions g(r) for a) All
MUS, b) MUS:OT 2:1, c) MUS:OT 1:1. Each rdf is computed as an average over 5 inde-
pendent simulations with the same NP composition. The snapshot of a corresponding
aggregate is included as an example. In d), e) and f) the graphs obtained from the network
analysis are presented for the corresponding snapshots in a), b) and c). The gold nodes
represent the NPs, which are connected by green edges for hydrophobic contact bonds and
pink edges for ion-bridging bonds. The position of the nodes is not representative of the
physical position of the NPs, and is obtained with the Kamada-Kawai algorithm[90].

in which the aggregates were formed and stable. The rdfs presented in Figure 4.9
have been obtained as an average over the five independent simulations of 27 NPs
at physiological NaCl concentration. Confirming what we noted from the simple
observation of the final aggregates, the three compositions yield quantitatively
different results. The All MUS aggregate has only two primary peaks, one at just
over 2 nm, which corresponds to the hydrophobic contact, and one at about 5 nm,
which corresponds to the ion-bridging. In the MUS:OT 2:1 rdf, we still observe these
two peaks, but also a third one at about 4 nm, representing the second neighbors of
the NP chains in the linear chains. Lastly, in the MUS:OT 1:1 rdf, the hydrophobic
contact region is broader and has two peaks: the second, smaller one represent the
second neighbor; the interpretation of the third peak however is difficult, since it
can be due to the sum of hydrophobic contact and ion-bridging.

Since the rdfs don’t allow a precise distinction between the different presence
of hydrophobic contact and ion-bridged bonds, we designed a tailored analysis of
the aggregates. In this analysis, we assign each NP to the node of an undirected
graph, in which the edges will represent the hydrophobic contact bonds or the
ion bridges bonds. First, we look for the hydrophobic contact bonds, defined by
the presence of at least 5 contacts (distance<0.6 nm) between the C1 beads of the
ligands of a pair of NPs. Then, for each pair of NPs not in hydrophobic contact,
we check if they are bonded by ion-bridging. With at least 5 ion bridges counted
with the same method as in Figure 4.2, we consider the pair bonded. Three of
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