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The (Dynamic) Surface of Colloidal Quantum Dots
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Materials at the nanometer size scale show in-
herently large surface-to-volume ratio. This fea-
ture confers pivotal role to the study of sur-
faces and interfaces in nanomaterials. Here we
pursue description and control of the surface
of semiconductor nanomaterials obtained by col-
loidal synthetic methods, which permit to obtain
highly monodisperse nanocrystals in large quan-
tities free-standing in solution phase.

As-synthesized colloidal quantum dots (QDs)
are constituted by nanometer-sized crystallites of
inorganic semiconductor materials surrounded by
organic molecules and/or metal complexes as lig-
ands that coordinate the core surface prevent-
ing aggregation and ensuring solubility. The lig-
and/core (organic/inorganic) interface exerts a
relevant role in the synthetic control of QD size
and shape, [ 1] markedly affects the electronic
structure of colloidal QDs, [ 3] and mediates
QD non-covalent bonding interactions with other
QDs or different chemical species [ 4].

A thorough description of the or-
ganic/inorganic interface towards control is there-
fore essential for the development of refined syn-
thetic strategies and for the effective application
of QDs in (opto)electronic devices and as lu-
minophores, among others, to which aim metal
chalcogenides are the most employed colloidal
QD systems.

Although frequently represented as discrete
entities stably dispersed in liquid phase, the
static depiction of metal chalcogenide QDs and
of their surface chemistry is fallacious: indeed,
the QD growth mechanism implies a dynamic or-
ganic/inorganic interface at high temperatures [
1] whereas the room temperature effect of extra
added Lewis bases has led to indirectly infer the
lability of neutral ligands at the core surface, ei-
ther as electron-donor organic species [ 4] and as
electron-acceptor metal complexes [ 5].

Here we provide direct evidence that archety-
pal PbS QDs, synthesized according to the most
widely employed procedure [ 6] exist in solution-
phase as equilibrium mixtures with their ligand
and core components in response to the QD sur-
roundings. Both organic molecules and metal

Figure 1. Depiction of colloidal PbS quantum dots
existing in solution-phase as equilibrium mixtures
with their (metal-)organic ligand and inorganic core
components.

complexes as ligands in mutual exchange are
demonstrated to undergo dynamic equilibrium
with the PbS core surface. Such interfacial equi-
libria depend on the solvent polarity and on QD
concentration and size, prevalently involving spe-
cific nanocrystal facets.

We thus remark the hybrid organic/inorganic
character of colloidal QDs and the importance of
conceiving them as inherently dynamic chemical
species rather than as discrete entities, thus show-
ing equilibrium structures that largely depend on
the QD surroundings [ 7]. The ligand/core dy-
namic equilibrium may have relevant implications
for the design of novel synthetic paths by tun-
ing the affinity of reaction precursors for specific
QD facets during nanocrystal growth. In addi-
tion, this notion can prompt refined (asymmet-
ric) post-synthesis QD surface chemical modifi-
cation procedures in solution-phase by exchang-
ing native ligands under thermodynamic control,
towards defect-free conductive QD solids for effi-
cient (opto)electronic applications.
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