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The engineering of colloidal materials via self-assembly of
functionalized nanoparticles (NPs) is attracting increasing inter-
est in material science.[1,2] Hierarchical colloidal superlattices
have been assembled using, e.g. the action of mediating species
that promote NP aggregation via electrostatics or complementary
DNA strands.[3–5] As a relevant example, NP superlattices have
been recently obtained via the assembly in water of positively
charged, TMA-functionalized gold NPs, mediated by multiva-
lent small negatively-charged citrate (CIT) ions.[6]By means of
coarse-grained (CG) molecular dynamics we have shown that
the CIT population exhibits a diverse behavior, with some ions
‘gluing’ the NPs (Fig.1a, blue), and other ones remaining mobile
across the NP surfaces (Fig. 1a, red and green), thus enabling
charge-mobility.[6] This sparked the idea that CITs could impart
conductivity to the system, in which an electric current trans-
ported by the fraction of mobile ions propagates through the su-
perlattice. In silico experiments allowed this idea to be explored.

We designed a CGmodel of an FCC superlattice of TMA-NPs
co-assembled with CITs, where a directional electrostatic field

E is applied during MD simulations (Fig. 1b). The MD demon-
strated a supramolecular semiconductive-like behavior, in which
the field E generates a CIT current only when the intensity of E
overcomes a threshold intensity, thus switching from an insulating
to a conductive response. A data-driven analysis of the local en-
vironments[8] of the CIT ions under the application of E identified
three ionic domains, differing in terms of structure and dynamics.
While part of the ions are involved in the lattice binding (as in
Fig.1), the CIT ions located in the octahedral and tetrahedral cavi-
ties of the FCC lattice (Fig. 2c) transport the charge. Conductivity
emerges as ‘ionic gates’emerge in the superlattice that dynamical-
ly connect the FCC cavities. This fascinating example shows how
a concerted dynamics of molecular units can determine emergent
features in such hierarchical self-assembled materials, reminis-
cent of those typical of atomic crystals properties.
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Fig. 2. (a) Starting and final configurations of the system with and with-
out E field. The coloring shows the CITs reshuffling at high E. (b) CIT
current density j as a function of E. (c) CIT population of in the FCC ca-
vities in conductive vs. insulating regimes. Adapted from ref. [7].
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Fig. 1. (a) Self-assembly of TMA-NPs mediated by CIT ions (left) and
CG model of two assembled NPs with CITs colored based on their mo-
bility (diagram: transition rates between the ionic states). (b) Ohmic in
silico experiment. CG model of the FCC lattice, with NP cores in yellow,
TMAs in cyan and CIT ions in red. Adapted from ref. [7].


